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Abstract — In this paper, we present the design of a thumb 
exoskeleton for pediatric at-home rehabilitation. Pediatric 
disorders, such as cerebral palsy (CP) and stroke, can result in 
thumb in palm deformity greatly limiting hand function. This not 
only limits children’s ability to perform activities of daily living 
but also limits important motor skill development. Specifically, 
the device, dubbed IOTA (Isolated Orthosis for Thumb 
Actuation) is a 2-DOF thumb exoskeleton that can actuate the 
carpometacarpal (CMC) and metacarpalphalangeal (MCP) joints 
through ranges of motion required for activities of daily living. 
The device consists of a lightweight hand-mounted mechanism 
that can be custom secured and aligned to the wearer. The 
mechanism is actuated via flexible cables that connect to a 
portable control box. Embedded encoders and bend sensors 
monitor the two degrees of freedom of the thumb and 
flexion/extension of the wrist. Using this platform, a number of 
control modes can be implemented that will enable the device to 
be intuitively controlled by a patient to assist with opposition 
grasp, fine motor control, and ultimately facilitate motor 
recovery. We envision this at-home device augmenting the 
current in-clinic therapy and enabling tele-rehabilitation where a 
clinician can remotely monitor a patient’s usage and 
performance. 

Keywords— rehabilitation robotics, at home hand 
rehabilitation; thumb; metacarpophalangeal joint; 
carpometacarpal joint; exoskeleton. 

I.  INTRODUCTION 
 
The human hand is a sophisticated instrument used to 

perform many activities of daily living. The opposable thumb is 
a remarkable anatomical feature of the hand which greatly 
increases the hand’s versatility. Thumb opposition involves 
flexion, abduction, and medial rotation so that the pulp surface 
can contact the other digits [1]. A variety of pediatric diseases 
and brain injuries can affect hand function, including cerebral 
palsy (CP), pediatric stoke, and traumatic brain injury. CP is 
the most common motor disability in children, affecting 
approximately 3.6 per 1,000 school-age children [2]. 
Approximately 47% of patients with CP have a thumb in palm 

deformity in at least one of their hands, which negatively 
affects hand function [3]. According to the House 
classification, type 2 thumb in palm deformity is defined as 
fixed adduction of the CMC joint and flexion of the MCP 
joint[4].  

 

 
Figure 1.  The Isolated Orthosis for Thumb Actuation (IOTA) is a 2 DOF 
exoskeleton for clinical and at home pediatric thumb rehabilitation. 

The goal of pediatric hand rehabilitation is to promote the 
independence of the patient by improving motor function. 
Depending on the severity, treatment can include stretching, 
serial casting, orthotic devices, chemical denervation, surgical 
release, and other techniques to help maintain range of motion 
and tone control in the upper extremity. All of these treatments 
require rehabilitation exercises and practice of motion tasks.  
The rehabilitation motions and tasks can be learned and 
retained because neuroplasticity, which is enhanced in children, 
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allows the brain to reorganize neuronal networks and recover 
from brain damage [5]. Motor learning strategies that 
incorporate massed practice, cognitive engagement, and 
functional relevance are considered essential to successful 
therapy for pediatric movement disorders [4].  

Rehabilitative therapies that can be performed at home have 
the potential to augment standard care and have the advantage 
of being more convenient, less expensive, and provide greater 
training frequency and intensity than conventional care 
delivered one-on-one by a therapist in a clinic. Robotic 
rehabilitation devices can be programmed to apply precise 
motions or torques to relevant joints in a repetitive manner 
during active participation while quantitatively monitoring 
progress over timescales that range from seconds to months. 
Through the use of video games or interactive feedback, these 
robotic rehabilitation therapies can also be entertaining and 
motivating which may help maintain use and encourage the 
completion of a rehabilitation program.  

Robotic rehabilitative devices for the hand can either be 
end-effector [6–8] or exoskeleton [9–13] based systems. End-
effector systems, such as the cable actuated handCare [6], only 
constrain the distal phalanges of the fingers while the proximal 
joints are unconstrained. Thus, if explicit control of each joint 
is desired then an exoskeletal system rather than an end-
effector system is necessary. Exoskeleton systems can 
simultaneously constrain distal and proximal joints such as the 
proximal inter-phalangeal joint and the metacarpal phalangeal 
joint. For exoskeleton based systems, the robotic super 
structure can be mounted either in the palmar region of the 
hand as in [12], or on the dorsum of the hand [9–11, 14]. One 
limitation of devices with palmar structure is their inability for 
the user to perform palmar or pincer grasps, two functionally 
important motor control strategies, in real (not virtual reality) 
environments. Exoskeleton systems for the hand can have 
independent degrees of freedom (DOF) for each finger as in 
[12, 13] or they can lump the index through the small finger 
together into one functional unit with 1-DOF [7, 9, 10, 14, 15].  

While the field of rehabilitation robotics has seen 
significant growth recently, very little work has been focused 
on pediatric applications [16]. In particular, no pediatric 
exoskeleton systems have been developed for hand 
rehabilitation. Such a device requires particularly careful 
design in terms of both its anthropometric size and weight; a 
system designed for an adult cannot simply be scaled down in 
size.  Also, its user interface must be simple enough for a child 
to use.  In addition, few studies have investigated the usability 
of at-home robotic rehabilitation devices or the feasibility of 
prescribing at-home rehabilitation programs with such devices. 
Given the incidence of pediatric stroke, traumatic brain injury, 
CP and other disorders, it follows that a pediatric robotic 
rehabilitation system for the clinic and home would be highly 
beneficial.  

The long term goal of this research is to determine the 
effectiveness of robot assisted therapy to augment pediatric 
motor recovery using a wearable robotic orthosis. The 
opposable thumb is critical for grasping and manipulating 
objects and is responsible for 40% of hand function [17]. For 
this reason we focused first on developing a system that assists 

and rehabilitates the thumb, specifically the CMC and MCP 
joints, which are required for opposition grasp.  

The aim of this paper is to present the design specifications, 
electrical and mechanical characteristics, and control 
methodologies an Isolated Orthosis for Thumb Actuation 
(IOTA). IOTA (Fig. 1) is a pediatric robotic thumb exoskeleton 
for at-home rehabilitation. Unlike many traditional 
exoskeletons, the IOTA device was designed specifically for 
children between the ages of 7 and 12 to facilitate actuation of 
the CMC and MCP joints of the thumb. The device was 
designed to be used within a home setting while performing 
natural tasks, making portability and ease of use paramount 
design considerations.  In addition, IOTA does not obstruct the 
palmar region of the hand so it has the potential to be used 
during everyday activities rather than only within virtual reality 
environments. 

II. DEVICE SPECIFICATIONS 
The mean adult flexion-extension range of motion of the 

CMC and MCP joints have been reported to be 52.9˚ [18] and 
110˚ [19], respectively. The CMC has a mean adduction-
abduction range of motion of 42.4˚ [18] while the MCP 
functions mostly as a flexion-extension hinge joint [19] (Fig. 
2).  From these data and from professional experience, 60° of 
rotation for the CMC and MCP joints was assumed to be a 
reasonable functional range of motion.  Anthropometric sizing 
for the device was determined through pediatric databases [20]. 
Our key measures of interest from the pediatric population 
were the thumb length, the thumb diameter, the palm length, 
and the hand breadth (Fig. 2 and Table I). From these data, the 
IOTA was designed to allow the above stated 60° of CMC and 
MCP range of motion and fit children aged 7 to 12 with the 
anthropometric measures of Table I.  

A recent study performed by the authors [21]  examined the 
torque needed to passively abduct the thumb at the CMC joint 
in children with a diagnosis of hemiplegia or stroke. In this 
study, a passive modified wrist orthosis was fabricated with an 
adjustable thumb joint which could be placed over the CMC 
joint. The torque required to maximally abduct the thumb was 
recorded with a torque sensor. Preliminary results from this 
study indicated that the maximum and mean applied torques to 
reach maximum abduction in the affected side were 0.285 N·m 
and 0.168 ± 0.076 N·m [21]. These data were used to specify 
the torque requirements for the IOTA system (Table I).  

The IOTA device was designed to be lightweight so that 
children could wear the device while performing standard daily 
activities without being cumbersome. The target weight to be 
worn on the hand was specified to be less than 0.450 kg 
(approximately 40% of the combined weight of a 7 year old 
child’s hand, forearm and arm) (Table I). In order to facilitate 
use in a home setting, the device was specified to be compact, 
lightweight and portable so that it could be easily carried by a 
parent and be deployable on a home table or desk (Fig. 1). The 
initial design allowed for a control box on a table, with the 
intent to minimize the electronics in future versions so that the 
control box could be mounted to an arm or waist band.  

 



 
Figure 2.  A diagram of (a) flexion of the metacarpalphalangeal (MCP) joint, 
adapted from [22], (b) abduction of the carpometacarpal (CMC) joint and (c) 
the anthropometric measures of the thumb.  

TABLE I.  IOTA DEVICE SPECIFICATIONS 

Characteristic 
Requirement 

Target Actual  

CMC range of motion 60˚ 65˚ 

MCP range of motion 60˚ 65˚ 

Hand mounted weight 0.45 kg 0.23 kg 

Control box size Table top 25.0 x 15.8 x 7.5 cm 

Portability Carried by one hand Fits into brief case 

Battery life 45 min >160 min 

Fit thumb lengths 4.0 to 6.4 cm 4.0 to 6.4 cm 

Fit thumb diameters 14 to 16 mm 10 to 16 mm 

Fit hand breadths 5.7 to 8.1 4.4 to 8.1 

Fit children aged 7 to 12 7 to 12 

Torque requirement 0.285 N•m 3.25 N•m 

III. ELECTROMECHANICAL DESIGN AND IMPLEMENTATION 

A. Mechanical Design 
The actuated orthotic component of the IOTA is composed 

of two parts; a semi-disposable patient-specific glove and a 
robotic exoskeleton that mounts to the glove. The glove is 
fitted to an individual subject’s hand, and the exoskeleton can 
be adjusted to fit the full range of hand sizes specified (Fig. 3).  
The glove is made of lycra fabric, delrin, and annealed 
aluminum alloy 1100 which is covered with soft neoprene 
rubber. The 1100 alloy aluminum is soft enough to be manually 
molded to the dorsum of an individual’s hand by a therapist 
and has a flexible tab that extends around the first metacarpal 
towards the palm to secure the dorsal plate to the hand. A 0.75 
mm delrin sheet extends from the aluminum dorsal plate 
proximally over the wrist and forearm and is secured with a 
Velcro strap proximal to the head of the ulna. The glove 
provides a stable base from which the exoskeleton can exert 
forces on the thumb, while allowing the subject to retain 
significant flexibility of the wrist and fingers (Fig. 3 & 4). The 
delrin forearm plate also houses a 0.22 mm thick by 5.08 cm 

 
Figure 3.  A CAD rendering of the hand mounted components of the IOTA 
system including the actuated robotic thumb exoskeleton and a patient-
specific dorsal glove.   

long bend sensor (Flexpoint Sensor Systems Inc. Draper, UT, 
USA) which extends across the wrist joint to measure 
flexion/extension (Fig. 4).  Measurement of wrist 
flexion/extension allows the device to simulate the tenodesis 
effect whereby wrist extension adducts the CMC and flexes the 
MCP joint and wrist flexion abducts CMC and extends MCP.   

In order to minimize the weight on the subject’s hand, the 
actuators for the CMC and MCP joints are located off-board of 
the orthotic inside the control box. Actuation of the joints is 
achieved by two servos and two spring-return cable 
transmissions connected between the servos and the orthotic. 
To actuate the CMC and MCP joints the servos use internal 
encoders to determine servo angle and transmission cable 
position. Optical encoders integrated into the exoskeleton 
provide additional direct measurement of the CMC and MCP 
joint angles. The cable transmissions, sensor power supplies 
and sensor signals are connected to the orthotic from the 
control box via a wire bundle (Fig. 4).  

 
Figure 4.  The aluminum and delrin on the dorsal glove provide a stable 
platform to which the exoskeleton device is mounted and houses a bend 
sensor used to measure wrist flexion/extension. The exoskeleton has pin joints 
for the carpometacarpal and metacarpophalangeal joints and two encoders to 
measure angular rotation about those two joints. The degree of CMC 
circumduction can be set by an Occupational Therapist by the molded 
configuration of the aluminum.  

B. Electromechanical Design 
An Arduino Mega 2560 (http://arduino.cc) was chosen as 

the microcontroller for the IOTA. A Cytron G15 shield (Cytron 
Technologies Sdn., Johor, Malaysia) was installed on top of the 



Arduino board and controls the servo motors via half duplex 
serial communication. Dynamixel AX-12A servo motors 
(Robotis Inc., Seoul, Korea) were selected as they met the 
torque, speed, size and weight requirements for the given 
application. The Dynamixel servos were connected in a daisy 
chain fashion and controlled by the serial packets sent from the 
Cytron shield via the communication bus. Each AX-12A servo 
has an internal potentiometer position sensor with a resolution 
of 0.29˚ (300˚/1024 levels) (Fig. 5).  

The integrated wrist bend sensor changes resistance with 
sensor curvature. The bend sensor was placed into a voltage 
divider circuit with a potentiometer tuned to the base resistance 
of the bend sensor. A two stage operational amplifier (Op-amp) 
with an adjustable gain ranging between 1.0 and 10.0 was used 
to amplify the output of the voltage divider circuit. The bend 
sensor produces a change in resistance of approximately 125 
Ω/º.  The output of the Op-amp circuit was connected to the 10-
bit A/D converter on the Arduino Mega and converted to wrist 
flexion/extension angle.  

Three momentary toggle switches and a rotary knob on the 
control box are used to navigate through a menu system for 
setting the appropriate control modes and therapy routines and 
for manual control of the exoskeleton. The function of the 
buttons changes depending on the mode of operation. A 4x20 
LCD presents the navigable menu system to the user and 
displays messages and instructions when necessary. An 
emergency stop button immediately halts servo motion if 
pressed (Fig. 1 and 5).  

 
Figure 5.  The portable control box measuring 25.0 cm x 15.8 cm x 7.5 cm 
houses the Arduino Mega microcontroller board and servos. Momentary 
toggle switches, a knob  and a 4x20 LCD display  allow the user to control the 
exoskeleton joints and navigate through the different IOTA modes of 
operation. The Arduino Mega 2560 microcontroller based board connects to a 
Cytron G15 serov shield which communicates with the Dyamixel AX12-A 
servo motors via a half-duplex single line serial protocol.  The servos have 
internal potentiometer position sensors. 

IV. EXOSKELETON JOINT CONTROL 
Immediately after turning on the device a calibration 

protocol is performed to set user-dependent safety limits for the 
CMC and MCP range of motion and to obtain the wrist range 
of motion. To set the CMC and MCP range of motion limits, 
the user is asked to use the toggle switches to manually actuate 
the CMC and MCP joints to the maximally adducted and 

flexed position, respectively, and then into a maximally 
abducted and extended position. The CMC and MCP angles 
achieved during this procedure are stored in the device as the 
range of motion limits. The wrist range of motion is then 
recorded by asking the participant to perform a maximally 
flexed and then maximally extended wrist motion. After the 
calibration procedure is completed the user can enter into one 
of the control modes.  

Five different methods to control the IOTA’s actuation were 
developed in order to investigate which method is most 
intuitive for the patient and most effective in assisting with 
grasping tasks and motor recovery. The following subsections 
describe the five control modes. 

1) Manual Control Mode 
In manual control mode, the toggle switches located below 

the LCD screen on the control box are used to flex/extend and 
adduct/abduct the MCP and CMC joints. The joints can be 
actuated individually or simultaneously. The speed of actuation 
(˚/s) is set by the user to be slow, medium, or fast.  

If the user tries to manually actuate the CMC or MCP joint to a 
position beyond the specified range of motion limit the 
software will stop the servo motors to prevent injury to the 
user.  

2) Teach & Learn Mode 
The purpose of the teach & learn mode is to record 

therapist-assisted thumb motion for later playback. Here the 
occupational therapist physically moves a patient’s thumb 
through a range of motion while the patient is wearing the 
exoskeleton. For the therapist to manipulate the thumb freely, 
the device must be as mechanically transparent to the wearer 
as possible. This means the servo motors must respond to 
motions generated by the therapist to permit an appropriate 
cable tension.  Not enough slack prevents motion and too 
much can cause misalignment of the transmission cables. This 
scheme can be thought of as a cable slack regulator, whereby a 
proportional controller is used to maintain a specified length 
of cable slack in the cable driven joints. If the patient’s thumb 
is moved by the therapist so as to tighten the cable, then the 
servo will rotate to loosen the cable. Similarly, if the patient’s 
thumb is moved so as to loosen the cable then the servo will 
rotate to tension the cable system. The system follows the joint 
motion imposed by the therapist by maintaining a fixed 
amount of slack within each joint. A proportional controller 
regulates the cable slack by monitoring the difference (δ) 
between the MCP and CMC servo angular positions (φMCPº 
and φCMCº), as measured by the servo encoders, and the MCP 
and CMC joint positions (θMCP and θCMC), as measured by the 
joint encoders (eq. 2 and 3). 

 δMCP = φMCP - θMCP,  (2) 

 δCMC = φCMC - θCMC,  (3) 

If δMCP (or δCMC) is greater than a small positive threshold (d1˚) 
then the therapist has applied a force on the patient’s thumb in 
a manner so as to decreased θMCP (or θCMC) and the servo 
should rotate to decrease φMCP (or φCMC). If δMCP (or δCMC) is 



less than a small negative threshold (-d1˚) then the therapist is 
applying a force on the patient’s thumb in a manner so as to 
increase θMCP (or θCMC) and the servo should rotate to increase 
φMCP (or φCMC) (Fig. 6). After manipulation, the MCP and 
CMC joint angle trajectories are recorded and saved for later 
playback within the cyclic control mode. 
 

 
Figure 6.   A cable slack regulator with proportional feedback control is used 
to make the exoskeleton sytem mechanically transparent during the teach & 
learn mode. A constant amount of slack is maintained on the transmission 
cable by comparing the servo position to the thumb joint positions. The error 
signal between the target slack and the actual slack is sent as a delta position 
command to the servo motors. 

3) Cyclic Control Mode 
Cyclic control mode allows a pre-set trajectory for the CMC 

and MCP joints to be repeated a set number of times. The 
nominal trajectory moves the CMC and MCP joints through 
their full range of motion. The joints are actuated 
simultaneously at a speed of slow, medium, or fast as specified 
by the user until they reach their range of motion limit and then 
they are actuated in the opposite direction until the other end 
range of motion is reached. This cycle is then repeated the 
input number of times based on the user selection. Additional 
trajectories can be created using teach & learn mode and 
implemented in cyclic control mode. 

4) Wrist Control Mode 
Wrist control mode utilizes the bend sensor mounted across 

the wrist to provide a signal that can modulate the CMC and 
MCP thumb joint angles. In healthy individuals, as the wrist is 
moved from flexion to extension, there is a natural synergy 
called the tenodesis effect that causes finger flexion [23]. 
Patients with poor grasp control often exploit the tenodesis 
effect by extending their wrist when they need assistance with 
finger flexion; thus we believe such a control strategy will be 
intuitive for them. As the wrist is flexed the servo motors 
actuate so as to extend the MCP and abduct the CMC. 
Similarly, if the user extends her or his wrist then the IOTA 
will actuate to flex the MCP and adduct the CMC. In all cases 
the CMC and MCP joint are actuated at a constant speed 
specified by the user until a range of motion limit is reached.    

5) Functional Assistance Mode  
The functional assistance mode seeks to anticipate the 

desired motion of the user and then assists with that motion. 
The target patient population for this system typically has 
some volitional control of their thumb but lacks the necessary 
strength or persistent coordination to perform functionally 
useful tasks. In this scenario, the functional assistance mode 

will be helpful as it amplifies the volitional motion. Thus, a 
small initial motion by the user generates a larger response 
motion. In the functional assistance mode the system 
continuously monitors the orientation of the patient’s thumb. 
If the patient performs a small weak MCP extension (∆θMCP˚), 
greater than a minimum threshold value (d2˚), the servos will 
actuate the MCP and CMC joints by an amount (∆θassist) 
proportional to ∆θMCP by a gain factor k (eq 1). 

 ∆θassist = k·∆θMCP, ∆θMCP>  d2 (1) 

Once the MCP and CMC joints are rotated by an amount 
∆θassist they are held there momentarily and then released 
back into their flexed and adducted poses.    

V. CONCLUSION AND FUTURE WORK 
In the long term, we aim to investigate the efficacy of an at-

home hand rehabilitation program based on a portable 
pediatric robotic system. Towards this end we have developed 
IOTA, a 2-DOF robotic thumb exoskelton and a compact table 
top controller box. The specifications for IOTA were based on 
pediactric anthropometric data so that children aged 7 to 12 
could use the device. The control modes for IOTA were 
designed to span simple specified movements to those that 
provide intuitive assistance during grasping and object 
manipulation.  

A clinical pilot study is currently being carried out which 
aims to (i) demonstrate that the IOTA can effectively facilitate 
a patient’s ability to perform a box and block task and a peg 
task, and (ii) demonstrate the ability to extend standard 
occupational therapy rehabilitation through a daily home use 
program.   

The IOTA has the potential to provide increased freedom 
and independence for children with thumb in palm deformity. 
The device also has the potential to not only assist 
functionality, but with continued usage may lead to motor 
memory that will train the child to use the thumb without the 
device.  

ACKNOWLEDGMENT 

 This work was funded by the Wyss Institute for 
Biologically Inspired Engineering at Harvard University and 
the Deborah Munroe Noonan Memorial Research Fund. The 
authors would like to thank Alessandro Puiatti for his helpful 
comments during the preparation of the manuscript. 

 

REFERENCES 
[1] L. Jones, “Human hand function.” Oxford University Press,, 

Oxford�;;New York�:, 2006. 

[2] M. Yeargin-Allsopp, K. Van Naarden Braun, N. S. Doernberg, R. E. 
Benedict, R. S. Kirby, and M. S. Durkin, “Prevalence of cerebral 
palsy in 8-year-old children in three areas of the United States in 
2002: a multisite collaboration.,” Pediatrics, vol. 121, no. 3, pp. 
547–54, Mar. 2008. 



[3] E. S. Park, E. G. Sim, and D.-W. Rha, “Effect of upper limb 
deformities on gross motor and upper limb functions in children 
with spastic cerebral palsy.,” Research in developmental disabilities, 
vol. 32, no. 6, pp. 2389–97, 2011. 

[4] D. Damiano, “Activity, activity, activity: rethinking our physical 
therapy approach to cerebral palsy,” Physical therapy, vol. 86, no. 1, 
2006. 

[5] M. V Johnston, “Plasticity in the developing brain: implications for 
rehabilitation.,” Developmental disabilities research reviews, vol. 
15, no. 2, pp. 94–101, Jan. 2009. 

[6] L. Dovat, O. Lambercy, R. Gassert, T. Maeder, T. Milner, T. C. 
Leong, and E. Burdet, “HandCARE: a cable-actuated rehabilitation 
system to train hand function after stroke.,” IEEE Transactions on 
Neural and Rehabilitation Systems Engineering, vol. 16, no. 6, pp. 
582–591, 2008. 

[7] O. Lambercy, L. Dovat, R. Gassert, E. Burdet, C. L. Teo, and T. 
Milner, “A haptic knob for rehabilitation of hand function.,” IEEE 
transactions on neural systems and rehabilitation engineering�: a 
publication of the IEEE Engineering in Medicine and Biology 
Society, vol. 15, no. 3, pp. 356–66, Sep. 2007. 

[8] H. Kawasaki and T. Mouri, “Design and Control of Five-Fingered 
Haptic Interface Opposite to Human Hand,” IEEE Transactions on 
Robotics, vol. 23, no. 5, pp. 909–918, Oct. 2007. 

[9] C. N. Schabowsky, S. B. Godfrey, R. J. Holley, and P. S. Lum, 
“Development and pilot testing of HEXORR: hand EXOskeleton 
rehabilitation robot.,” Journal of neuroengineering and 
rehabilitation, vol. 7, p. 36, Jan. 2010. 

[10] R. C. V. Loureiro and W. S. Harwin, “Reach & Grasp Therapy: 
Design and Control of a 9-DOF Robotic Neuro-rehabilitation 
System,” in 2007 IEEE 10th International Conference on 
Rehabilitation Robotics, 2007, pp. 757–763. 

[11] M. Turner and D. Gomez, “Preliminary tests of an arm-grounded 
haptic feedback device in telemanipulation,” Proc. of the ASME …, 
1998. 

[12] M. Bouzit, G. Burdea, G. Popescu, and R. Boian, “The Rutgers 
Master II-new design force-feedback glove,” IEEE/ASME 
Transactions on Mechatronics, vol. 7, no. 2, pp. 256–263, Jun. 
2002. 

[13] L. Connelly, M. E. Stoykov, Y. Jia, M. L. Toro, R. V Kenyon, and 
D. G. Kamper, “Use of a pneumatic glove for hand rehabilitation 
following stroke.,” Conference proceedings�: ... Annual 

International Conference of the IEEE Engineering in Medicine and 
Biology Society. IEEE Engineering in Medicine and Biology 
Society. Conference, vol. 2009, pp. 2434–7, Jan. 2009. 

[14] S. B. Godfrey, C. N. Schabowsky, R. J. Holley, and P. S. Lum, 
“Hand function recovery in chronic stroke with HEXORR robotic 
training: A case series.,” Conference proceedings�: ... Annual 
International Conference of the IEEE Engineering in Medicine and 
Biology Society. IEEE Engineering in Medicine and Biology 
Society. Conference, vol. 2010, pp. 4485–8, Jan. 2010. 

[15] J. Ochoa, Y. J. Dev Narasimhan, and D. G. Kamper, “Development 
of a portable actuated orthotic glove to facilitate gross extension of 
the digits for therapeutic training after stroke.,” Conference 
Proceedings of the International Conference of IEEE Engineering in 
Medicine and Biology Society, vol. 2009, pp. 6918–6921, 2009. 

[16] S. E. Fasoli, B. Ladenheim, J. Mast, and H. I. Krebs, “New horizons 
for robot-assisted therapy in pediatrics.,” American journal of 
physical medicine & rehabilitation / Association of Academic 
Physiatrists, vol. 91, no. 11 Suppl 3, pp. S280–9, Nov. 2012. 

[17] M. G. Carlson, G. S. Athwal, and R. A. Bueno, “Treatment of the 
Wirst and Hand in Cerebral Palsy,” The Journal of Hand Surgery, 
pp. 483–490, 2006. 

[18] W. Cooney, M. Lucca, E. Chao, and R. Linscheid, “The kinesiology 
of the thumb trapeziometacarpal joint,” J Bone Joint Surg Am, vol. 
63, no. 9, 1981. 

[19] R. Yoshida, H. House, and R. Patterson, “Motion and morphology 
of the thumb metacarpophalangeal joint,” The Journal of hand …, 
vol. 5023, no. 03, pp. 753–757, 2003. 

[20] R. Snyder, S. LW, O. CL, R. HM, G. DH, and S. MA, 
“Anthropometry of Infants, Children, and Youths to Age 18 for 
Product Safety Design. Report No. UM-HSRI-77-17,” Bethesda, 
MD, 1977. 

[21] L. Stirling, M. Qureshi, D. Bae, B. Snyder, and A. Correia, 
“Examination of the Torque Required to Passively Palmar Abduct 
the Thumb CMC Joint in Patients with Hemiplegia and Stroke,” 
manuscript in preparation, 2013. 

[22] S. Hoppenfeld and R. Hutton, Physical examination of the spine and 
extremities, Volume 798. Appleton-Century-Crofts, 1976, p. 276. 

[23] F.-C. Su, Y. L. Chou, C. S. Yang, G. T. Lin, and K. N. An, 
“Movement of finger joints induced by synergistic wrist motion.,” 
Clinical biomechanics (Bristol, Avon), vol. 20, no. 5, pp. 491–7, Jun. 
2005.  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




