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ABSTRACT

On this project, we have considered the anthropometrics of the human arm, taking in consideration the move-
ments and angles of the elbow and wrist by developing a prototype for the first and second phases of rehabilitation
as the main goal the patient could achieve full joints mobility. The implementation of this prototype consists in
four different adaptations, one for each movement, an interface electronic board of sensors, a control board, and
a graphical interface of the user where the physiotherapist is able to set up a personalized rehabilitation cycle
responding to the patient needs.

We have done field tests of the prototype with a patient with elbow and wrist fracture diagnosis. The results of the-
se tests showed an improvement in the mobility of both joints through a small number of rehabilitation sessions.
Thus, it is concluded that the prototype allows the patient the progressive reach of angles nearer to the angular
limits of pronation-supination of the elbow and flexion-extension of the wrist, with a reduction of 50% of number
of session using conventional methods.
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RESUMEN

En este proyecto, hemos considerado la antropometria del brazo humano, teniendo en cuenta los movimientos y
los angulos del codo y la muifieca mediante el desarrollo de un prototipo para la primera y segunda fase de reha-
bilitacion; como meta principal, el paciente podria lograr movilidad completa de las articulaciones. La implemen-
tacion de este prototipo consiste de cuatro diferentes adaptaciones, una para cada movimiento, una interface de
la tarjeta electronica de sensores, un tablero de control y una interface grafica del usuario donde el fisioterapeuta
puede establecer un ciclo personalizado de rehabilitacion en respuesta a las necesidades del paciente. Se realiza-
ron pruebas de campo del prototipo con un paciente con diagnoéstico de fractura de codo y mufieca. Los resultados
de estas pruebas demostraron mejoria en la movilidad de ambas articulaciones mediante un pequefio nimero de
sesiones de rehabilitacion. Asi, se concluye que el prototipo le permite al paciente el alcance progresivo de los
angulos mas cercanos a los limites angulares de la pronacion-supinacion del codo y la flexion-extension de la
muifieca, con reduccion de 50% del numero de sesiones que utilizan métodos convencionales.

Palabras claves: rehabilitacion; muifieca; codo; servomotor; Arduino

1. INTRODUCTION

The goal of rehabilitation is to achieve the maximum
potential for function and normal activities. It consists
of a procedure in which the patient improves the mo-
bility progressively and increases the strength of the
joint or muscle affected. Therapeutic robotics seems
to accelerate the rehabilitation process due to its accu-
racy. Thus, we have considered the design of a proto-
type controlled by the computer for the rehabilitation
of the wrist and elbow of an adult. The patient will
exercise in a passive way to achieve the full range of
motion of the joints of the elbow and wrist during the
first and second phases of rehabilitation.

In order to maintain the safety of the patient, the phy-
siotherapist is able to set up the information regarding
the area to treat (elbow or wrist), movement to do
(flexion-extension, pronation-supination of the elbow,
flexion-extension, abduction-adduction of the wrist),
the angle of each movement (0°-130°, -90°-+90°,
-70°-+70°,-30°-+15°, respectively) and the speed
(low-speed, normal-speed, high-speed) according to
the patient’s progress. The process controls the angle,
sense of rotation and position through the communi-
cation between Matlab and Arduino.
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2. DESIGN AND IMPLEMENTATION OF THE
ELBOW AND WRIST REHBAILITATION PRO-
TOTYPE

The movements, angles and dimensions of the upper
extremity involved in the rehabilitation prototype are
shown in the Table 1.

The architecture of the rehabilitation system is based
on the diagram shown in the Figure. 1. The interfa-
ce of the user allows data input which is transmitted
to the Arduino controller. The controller sends the
corresponding signal to the actuator and the mecha-
nisms. During the whole process the sensors are con-
trolling the variables in order to execute the rehabili-
tation properly.

The prototype is meant to be used by an adult who
needs to rehabilitate either the left or right upper ex-
tremity. The design contemplates as the minimum
dimensions of women and maximum dimensions
of men in order to make this prototype adaptable to
any kind of patient. The dimensions were shown pre-
viously in Table 1 in the corresponding column.
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TABLE 1. ANTHROPOMORPHIC CONSIDERATIOS FOR THE DESIGN

Movement Angles Dimensions Descriptions
Flexion-Extension of the 21-27.4 cm
elbow 130° - 0° 6.4-8.6 cm  Forearm length (between elbow
Pronation-Supination of the 21-27.4cm  and wrist axes) and distance from
elbow -90° - +90° 6.4-8.6 cm  the wrist to crease to the handle

center

Flexion-Extension of the
wrist -70° - +70° 6.4-8.6cm  Distance from the crease to the
Abduction-Adduction of handle center.
the wrist -30° - +15° 6.4-8.6 cm

HMI INTERFACE

SENSORS

L
\.Q

Figura 1. System’s General Diagram.

A. Mechanical Design

To simplify the mechanical design, it was divided into four areas of design, as shown in Figure. 2.

The torque of every movement was calculated in order to select the actuator that will execute the move-
ments. The result for flexion-extension of the elbow is 10.15Nm, pronation-supination of the elbow is 4.19Nm,
flexion-extension of the wrist is 1.25Nm and for abduction-adduction is 1.37Nm.

All of these results consider the masses of the hand (0.73Kg) and hand and forearm (3.13Kg). For this reason,
the Torxis 100600 servo which has a torque of 11.3Nm is the more appropriate for this project.

The Table 2 shows the mechanical design of the prototype pieces and a brief description of each one. In the
section called Coupling Mechanisms of Table I, it is shown the four different adaptations for each movement.
It is possible to use the adaptations for both arms, left and right arm without any problem.

ELBOW AND WRIST
REHABILITATION
PROTOTYPE

{
|

Y | V
DISPLACEMENT ACTUATOR'S

SYSTEM AND .
SUPPORTS | COUPLING SYSTEM
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‘ COUPLING

MECHANISMS PROTOTYPE COVER

Figure. 2. Mechanical Design.
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TABLE 2. MECHANICAL DESIGN OF THE PROTO-

TYPE PIECES | SENSORS' CONTROL30HR, WATLAR
Displacement System and Supports SENSORS ;—;} WAC{ ) Rsem I—’ IHmF&EE

Main and Seconday chan- |
nels, forearm and wrist
supports.

¥

Figure. 3. Electronic Diagram.

Coupling System of the Actuators

Base, Metalic Disc and
Torxis 100600 servo
mounted

C. Programming

The interface of the user programming allows the in-
put rehabilitation data, movement selection, angular
limits for each movement, motor calibration and sta-
tus verification of the sensors. Consequently, the pro-

’

Coupling Mechanisms

/. Flexion-Extension of the gramming has been divided into two different proces-
elbow ses which are the maintenance and the rehabilitation
Pronation-Supination of process, as shown in the Figure. 4.
the elbow
- Flexion-Extension of the < ™ :
- s
Abduction-Addcution of . /
the wrist '

Prototype Cover

Front cover ' ‘

MAINTENANCE REHABILITATION
Back cover ‘ ‘ ‘

e 7

B. Electronic Design l
The electronic design is composed of two main areas. '
A sensors’ interface electronic board and a control
board are in charge of all the actions executed by the - CALIBRATION EXECUTION
actuator. ‘

The circuits for the signal conditioning of the sensors [ |
of the angular position, sense of rotation and limit

switches status are in the sensors’ interface board. |

Meanwhile, the board control is an Arduino board ) :
which was selected by the number of Input/Output

(I/0) pins needed for this project. \ EN _;:'

Because of the 14 I/O pins and the Pulse-Width Mo-  Figure 4. Programming flow diagram.
dulation (PWM) outputs necessary to control the Tor-

xis servo, the Arduino UNO R3 board was selected to

be used as the controller in this project.
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The user chooses which process to execute between
calibration of the servo and verification of the status
of the sensors by selecting the corresponding option.
See Figure. 5 that shows the maintenance interface.

To complete the rehabilitation process, the user should
follow these steps:

1. Zone to rehabilitate (Elbow or Wrist).

2. Arm to rehabilitate (Left or Right).

3. Movement to execute (Flexion-Extension, Pro-
nation-Supination, Flexion- Extension, Abduction-
Adduction).

4. Duty cycle input (Minimum and maximum angles,
number of sets and repetitions, speed).

5. Serial port.

6. Duty cycle verification.

7. Process execution.

The Figure. 6 shows the user’s interface executing a
rehabilitation process.

MAINTENANCE

ELBOW AND WRIST
REHABILITATION PROTOTYPE
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Figure 6. Rehabilitation process execution.

3. EVALUATION TO VALIDATE THE PROTO-
TYPE
Following a test protocol with different tests, the

Sera Pt et Sentors staus functioning of the prototype has obtained the results
- = Fo detailed in this section. The percentage of error was
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Figure 7. Tendency error vs angular shift.
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The greatest angular shift tested in 30 servo mobility
essays is 3° which represents an error of 3.3%.
Testing was done on a person who had prior elbow
and wrist fractures. This test was repeated for several
days in order to obtain the development of the patient
using the prototype. As shown in the Table IV and
Figure. 9, the patient increased the mobility of elbow
and wrist.

From the testing done we can observe that the patient
improved the mobility of the joints within the therapy
sessions. Besides, the physiotherapists in charge of
the patient noticed that using this prototype was bene-
ficent for the patient who was only using conventional
methods previously.

TABLE 4. PATIENT TESTS DURING REHABILITA-

TION WITH THE PROTOTYPE
Day Wrist Elbow
Flexion Extension Pronation Supination
1 -50° 45° -70° 45°
2 -65° 65° -90° 55°
3 -70° 70° -90° 65°
4 -70° 70° -90° 68°
5 -70° 70° -90° 70°
6 -70° 70° -90° 73°
Wrist Rehabilitation
8 6
E g Fl@3ion e
E == Extension
£ 4
5 J\ 3
g 2
" \ 1
S0 £5 50 35 20 5 0 25 40 55 70
Angular range ()

Figure 9.Patient’s angular mobility per test.

4. CONCLUSIONS

The prototype achieved the proposed movements. In
other words, it is able to execute flexion-extension,
pronation-supination of the elbow and flexion-exten-
sion, adduction- abduction of the wrist regarding the
angular anthropomorphic limits. These angular limits
are considered for an adult patient to achieve full joint
mobility in the first and second phases of rehabilita-
tion.
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The biomechanics of the upper extremity was the
most important consideration when defining the an-
gular limits of each movement because the whole de-
sign depends on these values to make this prototype
comfortable and safe for the patient.

Electronic circuits were designed to avoid mistaken
signals. For this reason, the sensors’ interface board
consists of conditioning circuits to determine the sen-
se of rotation and to verify the limit switches’ status.
Subsequently, the signals obtained in this board are
properly transmitted to the control board.

The application of Guide, graphical Matlab modu-
le, permitted the creation of a friendly and easy to
understand graphical user’s interface. In addition,
through the programming made in this software it is
possible to control the signals sent and received from
the control board guaranteeing the correct input data,
sense of rotation, angle, limit switches status and the
current rehabilitation process visualization.

As this prototype has symmetry, it is possible to put
the adaptations for the different movements for the
right and left arm easily.

To verify the adaptability of the prototype, several
tests were made on healthy males and females of va-
rious heights. According to the results of these tests,
any adult person is able to use and feel comfortable
because of the adjustability of the displacement sys-
tem and the supports.

The fact that the percentage of error obtained was
between £3° in all of the tests, ensures safety to the
patient, and demonstrates that this prototype is accu-
rate and has a high repeatability which makes of it an
attractive product for the therapy sessions of wrist and
elbow rehabilitation.

From the testing done on a patient diagnosed with
elbow and wrist fracture test, it may be concluded
that the patient improved in the mobility of both jo-
ints using the rehabilitation prototype, within seve-
ral days. Therefore, this project fulfilled the goal of
progressively improving the mobility of the complete
angular range of the corresponding movement. It is
important to mention that due to the degree of pain
and nature of lesion that the patient presented, she
could only perform flexion-extension of the wrist and
pronation-supination of the elbow.
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