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Abstract- This project shows an alternative for prosthetic
terminal devices. It's objective is be able to grasp cylindrical
objects up to 70 mm of diameter. During the design of this
terminal device, different variables were consider, such as be
modular, anthropomorphic, ecofriendly (less material and
energy use for production) and the ability to be 3D printed in
different plastic materials like PLA (Polylactic acid), ABS
(Acrylonitrile butadiene styrene) and PET (Polyethylene
terephthalate). The scope of this project explores the usage of
hydraulics and solid structures capable of move without
changing its original shape. As a result it’s presented a design
of a terminal device that base itself on the idea of an
affordable  prosthetic ~ with  applicable  functionality.
Furthermore the audience for this prosthetic device are people
form United States, who are left handed.
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I. INTRODUCTION

In medicine, a prosthesis (plural: prostheses;
from Ancient  Greek prosthesis,  "addition,  application,
attachment"™) is an artificial device that replaces a missing
body part, which may be lost through trauma, disease, or
congenital conditions. Prosthetic amputee rehabilitation is
primarily coordinated by a prosthetist and an inter-disciplinary
team of health care professionals including psychiatrists,
surgeons, physical therapists, and occupational therapists.

Types

A person esprostéticos should be designed and assembled
according to the patient's appearance and functional needs. For
instance, a patient may need a transradialpros thesis, but need
to choose between an aesthetic functional device, a
myoelectric device, a body-powered device, or an activity
specific device. The patient's future goals and economical
capabilities may help them choose between one or more
devices.

Cranio facial pros theses include intra-oral and extra-
oral prostheses. Extra-oral prostheses are further divided in to
hemi facial, auricular (ear), nasal, orbital and ocular. Intra-oral
prostheses include dental prostheses such
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as dentures, obturators, and dental implants.Prostheses of
theneck include larynx substitutes, trachea and upper
esophageal replacements,Somatopros theses of the torso

include breast prostheses which may be either single or
bilateral, full breast devices or nipple prostheses.

Il. LITERATURE

There are 35 muscles involved in movement of the
forearm and hand, with many of these involved in gripping
activities. During gripping activities, “the muscles of the
flexor mechanism in the hand and forearm create grip strength
while the extensors of the forearm stabilize the wrist (27)”.
There are four major joints of the hand, Carpometacarpal,
Intermetacarpal, Metacarpophalangeal, and interphalangeal
joint, with “9 extrinsic muscles that cross the wrist and 10
intrinsic muscles with both of their attachments distal to the
wrist (10).” These muscles include the pronator radii teres,
flexor carpi radialis, flexor carpi ulanris, flexor
sublimisdigitorum, and Palmaris longus on the extrinsic layer
and the flexor profundusdigitorum, flexor

1. METHODOLOGY

For better understanding, this methodology was
divided in two parts. The first one being the calculations and
the second being the design.

3.1 Calculations.

In accordance with the main functionality of the
terminal device, calculations become a must. With that said, in
order to grasp a cylindrical object (in this case a soda can of
0.34 Kg.) was needed an equation (1) to determine the amount
of force needed [3] & [4] from the prosthetic device.
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Where “F” is the amount of force needed to grasp
and lift; measured in Newton (N), “m” is the mass required to
lift; measure in kilograms (Kg.), “g” is gravitational

my A A
acceleration consider as 9.8 /=7, “a” is the acceleration of
the gripper, in this case the terminal device, measure in meters

my _ n o . A
per second square( s-), “H is the coefficient of static
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friction and finally the “safety factor” which is the allowable
stress of working stress [5].

Considering these information it was conclude that
the minimum force needed to grasp and lift a soda can of 0.34

Kg. is 125~ 22.03 (N) this result was calculated using the
next data:

licus longus, pronator quadratus, flexor pollicus
brevis, and abductor pollicus brevis on the intrinsic layer.
Each of these muscles is active during gripping activities.

According to German Sports Scientist Jurgen
Weinick, “the characteristic structure of the hand is related to
its function as a grasping tool. Grasping ability is made
possible by the fact that the thumb can be opposed to the
fingers. The fingers and the thumb act as a versatile pair of
pliers. They need the palm of the hand as a flat base, on which
the object grasped can be held (28).” From this statement, it
can be concluded that the anatomy of the hand is more geared
toward flexion than extension. Further proof lies in the
research of Li, Zatsiorsky, and Latash on the strength of finger
flexor vs. finger extensor musculature during isometric tasks.
Their findings revealed the flexor mechanism of the fingers to
be 62% stronger than the extensor mechanism (18).”

Methods of Assessment for Handgrip Strength

The most common method of assessment for grip
strength is the use of a handheld dynamometer. This is a form
of what is referred to by Dal Monte and Dragan as a
biomechanical measurement. “Biomechanical measurements
allow sports coaches to appreciate the bioenergetics and
efficiency of sports movements; training can then aim to
achieve a maximal energetic output with minimal expenditure
of energy, avoiding at the same time possible fatigue and
stress lesions in the locomotory system (5).”

Handheld grip strength dynamometry is used to
measure the muscular force generated by flexor mechanism of
the hand and forearm. There are three main categories of
handgrip dynamometers. These include spring-loaded
compression, air compression, and hydraulic compression
devices. According to Waldo, “since grip is a force, not a
pressure, it should be measured in pounds or kilograms. A
hydraulic dynamometer is the most accurate choice (27).”

When testing grip strength there are many variables
that need to be normalized before testing. The testing
protocols need to be consistent with regards to time of day,
posture, anthropometric measures and dynamometer
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adjustments. Goh et al (2001) performed a study on the effects
of one night of sleep deprivation and its effects on hormonal
profile and performance. Their baseline performance
measurement was handgrip strength. During the study, the
researchers performed grip strength and hormonal profile
testing at different times throughout the day. Their findings
revealed “changes in grip strength occurred as a function of
time of day. Grip performance increased progressively during
the day, but declined during the night (8).” Cappaert (1999)
had similar findings, concluding “grip strength also showed
time of day differences with the peak in the afternoon (3).” He
further concluded, “time of day differences in endocrine
function, as measured by plasma cortisol and B-endorphin as
well as levels of catecholamines in the urine, mirrored the
differences in muscular strength (3).”

Posture and elbow positioning during handgrip
testing has also been found to play an important role in the
strength results. Various studies have shown grip strength to
be greater with less flexion at the elbow (17, 20, 25). The
normalization of anthropometric measures such as body
height, mass, finger length and perimeter can also have an
effect on the outcome of grip strength testing. One such study
revealed “there were highly significant relationships between
maximal handgrip strength of the dominant hand and general
anthropometric variables in all age-groups (26).” Without
normalization of testing protocols, the results may be
influenced by the aforementioned variables.

Handgrip Strength as a Predictor of Physical Functioning

Grip strength has long been thought of as a possible
predictor of overall body strength, but little if any research that
correlated the two was found. Smith et al (2006) found a direct
correlation in grip strength and overall body strength in very
old and oldest females. The study revealed that, “grip strength
was moderately correlated with overall body strength in the
very old and oldest populations (23).” Fry et al (7) also found
a correlation between grip strength and performance in
American Men Junior Weightlifting. Though in theory, one
would believe the two are correlated and more studies may be
necessary for other populations. Many of the research studies
correlated grip strength to various other physical variables
including nutritional status, rotator cuff weakness, fatigue, and
overall physical function.

In his book Science of Sports Training, sport scientist
Thomas Kurz recommended the measurement of handgrip
strength using a hydraulic dynamometer to reveal the physical
readiness of an athlete. This information provides valuable
data to the coach with regards to an athlete’s potential training
status. If the athletes grip strength is percentage kilograms

Www.ijsart.com



IJSART - Volume 3 Issue 11 - NOVEMBER 2017

below baseline or previous workout, the athlete may be
fatigued. If the opposite is true, the athlete will have recovered
optimally and performance may increase. This theory draws
parallel to the findings of studies performed by Michiko et al
(1999), Hunt et al (1985), and Frederiksen et al (2002). Each
of these studies used handgrip dynamometric testing to
evaluate physical functioning in surgical, lifestyle disease, and
mid to late life subjects. The findings of each of these studies
correlated less than optimal physical functioning or fatigue
with lower strength scores in handgrip dynamometric testing.
In a recent report by the ACSM, it was concluded that,
“handgrip muscular endurance has been shown to suffer a
delayed decline on the second morning following intoxication
(1).” This research provides further evidence toward the
correlation between immune functioning and handgrip
strength.Final Design
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V. CONCLUSION

The Designed model is actually measured from left hand
and designed using mechanical priciples the hydraulic
mechanism is used and therefore it works intensively upto
16.5kg weight.

The structural analysis is done to predict the stress strain
fatigue life and damage of the product.

From the observations at 10kg i.e.,98.1N the product fail
in 83000 cycles at knuckle are and the stress strain
location Is also given .

It can possiblelift up to 72.6 mm diaobjectswithease.
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