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A laparoscopic surgery is a minimally
invasive surgery where the surgeon
creates small incisions on patients
body in order to insert instruments
and a light with camera tc perform
surgical procedures. Even though this
surgery results in quicker recovery
time and lesser pain for the patients, it
is highly demanding for the surgeons.

Since the operations last for hours,
there is a need to design and develop
devices which minimize the surgeons
discomfort while enhancing the
usability. This project is an attempt to
design such a device for the
procedure of cutting and coagulating
tissues during laparoscopic surgery.

The project is focused on generation
of a user centric ergonomic design of
electrosurgical device while also trying
to solve existing issues of visibility,
fatigue and hygiene in the operating
theatre during laparoscopic surgery.

After constant trials and multiple
mock up prototypes, the device is
designed tc gently grip the hand and
uses flexible linkages to provide
comfort of use, ease of assembly and
maintenance.
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Introduction

In medical practice, a procedure
censisting of physical intervention on
tissues and muscles to treat or
investigate a pathological condition is
termed as surgery.

Surgical procedures are usually

- . categorised on the basis of degree of
lncision . . invasiveness, procedure, instruments
involved and urgency. Cn the basis of
degree of invasiveness, surgery can be
categorised into open type surgery
(incision of more than 20 c¢cm and
laparcscopic surgery (also known as
minimally invasive/keyhole surgery)

The shift towards laparoscopy has

' $4§—A : ' ‘ occurred as incisions serve minimal
9 K4 _ Y therapeutic purpose in surgery. Also
\ the incisions are also the usual
suspects for infections which can

occur post surgery..

e

. In laparoscopic surgery, small incisions
Laparoscoplc Surgery Open Surgery (5 to 15 mm) are made on the body
through which instruments are passed
along with a light source and a camera
Image source: https://in.pinterast.com/pin/358951032773233738/ {as seen on 10.03.163 to perform the required procedures.
Since this surgery is minimally invasive
it offers advantages of lesser pain and

Top quick recover time to the patient.

fig 1: difference between laparoscopic
and open surgery
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02 | Introduction

Since laparoscopic surgery usually
lasts for hours, the surgeons
performing the operations undergo a
lot of mental and physical stress.
Hence there is a need to relcok at the
entire system to identify existing

pain points in order to minimise a
surgeon's discomfort while performing
this surgery.

Laparoscopic surgery can be further
divided into robotic laparoscopic
surgery (tools are attached to a
remotely controlled robotic arm), and
ncn robotic surgery (hand guided
devices). For the current project, we
will be focussing on electrosurgery
procedure during non-robotic surgery

The use of heat in surgery is known as
cautery. For the scope of this project
we fill be focussing more cn
electrocautery and electrosurgery.

Electrocautery is the process of
destroying tissues by a object which is
heated using electricity.
Electrosurgery on the other hand
refers to the use of alternating current
passing through the patient to cut and
coagulate the tissues.

Currently there are a lot of
instruments which are already
available for the above mentioned
procedures. However the inncvation in
laparcscopic devices {in terms of
mechanisms used and the form) are
more or less linear.

In IIT Bomlay, Industrial Design
Centre (IDC} in collaboration with
Biomedical Engg. and Technology
{Incubation) Centre (BET-IiC), has
managed to provide an innovative
direction for development of
ergonomic laparoscopic devices.

This project is an attempt to take that
research forward and to generate
detailed designs in order to create an
ergonomic device for the specific
procedure of cautery. Hence along
with the said device we have also tried
to lcok at the entire laparoscopic
procedure and the modules used in it.

It also aims at looking at the entire
system in general and trying to
redesign the laparoscopic device in
order to reduce the physical and
mental demands that are placed on
the surgeon
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Since this design research is being
done in collaboration with BET-IC,
We got the opportunity to okserve an
operaticn performed by Dr. Hemant
Bhansali using laparoscopic devices.

Dr. Bhansali is cne ¢f the leading
laparcscopic surgeon of this country.
He was also a co-guide for the
previous laparoscopic device project,
hence his observations and feedback
was very informed and pertinent.

The overview of a laparoscopic
procedure described by Dr. Bhansali is
as follows.

+ Small incisions are made at the
certain distance from the area of
operation

* Cannula (a sharp metal rod) and
trocars (metal tubes) are inserted
to create tunnels through which
instruments can be inserted {(fig 3).

« Insufflation (using liquid/gas for
blowing up of abdominal wall to
create space) was performed using
CQO2 gas.

* A laparoscope (device with light &

camera) was inserted into one of
the trocars (fig 4).

Primary stucly | 03
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fig 3: Cannula and
Trocar

fig 4: Inserting the
Laparoscope

fig 5: Connecting
cable to perform
electrosurgery

fig 6: Cable routing
issues

fig 7: ESU and the
trolley for the screen



The camera is then held by he
surgeons assistant

The surgecn then inserts cther
laparcscopic instruments in the
other trocars to perform the
surgery while locking at the moniter
containing visual feed from the
inserted camera..

The major issues identified were as
follows,

Surgeon gets tremors in the hand
due to continuously operating the
tools.

The height of the operating table is
difficult to adjust during surgery.

The device is not very
manoeuvrable as the surgeon has to
really contort his body to get to a
specific area in the patient’s body.

The trolley for the display and
instrumentation takes a lot of space
and obstruct movement around the
patient (fig 5).

The ESU has a fixed position in the
OT which leads to cable routing
issues

Currently there is no feedback for
depth of penetration while
performing electrosurgery.

The instruments have a tendency to
touch surfaces on which they are
placed creating hygiene issues.

The cables touch the patients due
tc routing issues which can cause
infections as cables cannot be
sterilised (fig 6).

A lot of cables also create a lot of
tripping hazard and electric losses.

A cocmmunication gap was also
observed between the doctor and
the nurses/assistants.

The insulation on the device wears
off gquickly which can lead to
possibility of electric current
passing through unwanted areas in
the patients body.

Primary Stucly | O5






Principles of electrosurgery

Electrosurgery is cutting and
ccagulating of tissues using
alternating current passing through
the patients body.

This alternating current generates heat

at bO0OKHz te 2MHz which is used to

destroy tissue in the required area.
Muscle & Nerve

Stimulation . Following changes happen in the
;:Ig;;llsiaer??ég Ceases  AM Radio Television tissue as the temperature is increased.
ELECTROSURGERY Microwave
1 1 | | | | 1 Temp Visual Biological
change change
60 100 300 500 1.7 4.7 2500 _
Hz Hz kHz kHz MHz MHz MHz 37-45°C No effect warming
T T /
. 45-60°C No Enzyme
High Low
Temperature Temperature delayed denature

60-70°C Blanching coagulation

Image source: http://www.xodusmedical.com/Modules/Froduct {as seen cn 10.03.16)

70-30°C white Proteins
denature
90-100°C Puckering drying
100°C Smoke plum  vaporization

fig 8: frequency band in which
electrosurgery is practiced

Secondary study | 07



Return electrode at another site

Low Valtage High Voltage
y Fuvvem :
PURE CUT BLEND 1 BLEND 2 BLEND 3 COAG
100% on 50% on 40% on 25% on 6% on
50% off 60% off 75% off 94% off

Image source: http.//healthierworldamerica.com/
{as seen on 1.03.16)

High voltage
Current flows through the body Coag - 3,000-9,000

Cut- 1,350-4,000

Image source: http://www slideshare.net/AnthonyDeSalvoMD (as seen on 10.03.16)

Top left
fig 9: Monopolar cautery

Top right

fig 10: Waveforms for various monopolar
cautery modes
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Types of Electrosurgery

Electrosurgery is usually classified into
two types, monopolar and bipolar
cautery based cn the electrodes used.

Monopelar cautery

In monopcelar cautery, the current
passes from the electrode to the
tissue and then through the patient to
an electrode pad.to complete the
circuit.. {fig 9)

Depending on the operation the
monopolar cautery consists of two
major modes based on the waveforms

» Continuous or non modulated
waveform of the 'Cut’ mode {low
voltage and higher amperage of
current),

* Dampened or modulated waveform
of ‘Coag’ mode (high voltage and
lower amperage of current).

Monopolar cautery also offers 3
surgical effects

» Cutting
* Dessication
* Fulguration

Cutting

Offers precise tissue effect at the cost
of slightly ineffective haemostasis
(.e.q. stopping of blocd flow) . It
produces a cut effect when the
electrode floats above the tissue in
stead of touching it.

Veltage: 1200-3500V

Frequency: 400KHz

Rated load: 300 Ohms

Power: 200-300 Watts

Dessication

It is @ more controlled dehydration
process which occurs only when
electrode touches the tissue
Veoltage; 3500V

Frequency.: 250KHz repeat at 40KHz
Rated load: 500 Ohms

Power: 120 Watts

Fulguration

A more rapid process where electrical
sparks are produced to destroy tissue.
This can be achieved by placing the
active electrode above target tissue to
heat the air between them.

Voltage: 7000V

Frequency: 400KHz repeat at 50KHz
Rated load: 500 Ohms

Power: 120 Watts

Secondary study | 09



Active and return electrodes within the
instrument

Current flow confined to tissue between
electrodes

Image source: http.//www slideshare.net/AnthonyDeSalvoMD/electrosurgery-saftey
{as seen on 10.03.16)

Top left
fig 1: Bipolar cautery
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Bipolar cautery

In kipeclar cautery, two Jaws act as
active electrodes and the current only
passes through the tissue held
between them. (fig 11}

Bipolar cautery uses lower voltages
but has a very limited akbility to cut
and coagulate large areas.

Since the current only passes through
the tissue held in the Jaws,, it provides
better control and prevents additicnal
damage to surrounding area.

This procedure offers lowers risks of
unwanted electrical exposure leading
to thermal injury to the patients.

Bipolar desiccation parameters
Voltage (precise); 300V
Voltage (standard); 400V
Voltage (macro bipolar): 700V
Frequency: 500KHz

Rated Icad; 100 Ohms

Power. 70 Watts

Secondary study | 1
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shank handle L-shaped
J-shaped h)
pistol handle
Needle-shaped h.
N
/ .
axial handle )
Flat L-shaped N
e Cmm— .
rod handle Spatula-shaped ——
Image source: https://openi.nim.nih.gov {as seen on 10.03.16) Image source: http://www .shinmed.com/ {(as seen on 10.03.15)
L Sy S —
= £ - - p— B —
Grasping & Dissecting Foroeps Dolphin Nose Dissector Universol W forosgs, fig 12: Types of
Double Acticn Jaw Deoutie Acticn Jaw shank handles

5 j A fig 13: tips for

Morgond Dissactor Bobood(gmomlaoepe “WW'O'O‘WN various monopolar
@ Acticn Jaw cautery modes

Wave Side Grasper G[osphgb(mps 2/3 osth, grooved, Grasping / dissecting forosps, various bipolar
SngoAcnonch single action curvad left, double oction operations

Image source: http://www.laparoscopy.am/ {as seen on 10.03.16)
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Types of Electrosurgery instruments

Laparoscopic instruments are usually
designed to enter 5 mm to 10 mm
trocar and their length varies from 18
mm to 45 mm

The shank handles can be broadly
classified into four types (fig 12).

* Shank handle
* Pistol Handle
* Axial handle
 Rod handle

Qut of these, the pistol handle is
considered the most easy to use at the
moment. However, the shank handle is
the most commonly used handle at
the moment.

Last year IDC in collaberation with
BETIC, designed an ergonomic handle
for laparoscopic devices in general.

The major difference between this
new handle and the above mentioned
once is; ‘instead of the surgeon
gripping the tool, the tool grips the

surgeons hand.’
Top

fig 15: The new product handle

(currently proposed by IDC & BET-iC) This ensures that the surgeon can rest

his fingers during surgery along with
experiencing better manceuvrability

Secondary study | 13



Image source: http://www.medtronic.com/
{as seen on 10.03.16)

Image source: http://www wemedl.com/
{as seen on 10.03.16)
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Image source: http://www.caiman-aesculap.com/
{as seen on 10.03.16)

Image source: http://www.ethicon.com/
{as seen on 10.03.16)

Ergonomic handle with

Image source: http://www .ethicon.com/
{as seen on 10.032.16)

Y

Top left
fig 16: Ligasure

Top Middle
fig 17: Enseal

Top right
fig 18: Caiman

Bottom left
fig 19: Gyrus

Bottom Right
fig 20: Harmonic
scalpel


http://www.wemed1.com/
http://www.caiman-aesculap.com/
http://www.ethicon.com/
http://www.ethicon.com/
http://www.medtronic.com/

Existing solutions

Ligasure (fig 16)

It is a bipolar device which exerts
pressure on the tissue while delivering
low voltage, high current. It also
measures tissue impedance to change
the current and voltage setting using a
computer algorithm. It is available in
5-10 mm sizes

Enseal (fig 17>

This system employs a temperature
sensitive matrix within the jaws to
centrol the energy at tissue-electrode
interface. Vessels of 1-7mm dia. can be
sealed effectively with this instrument

Caiman (fig 18)

Caiman is similar to Ligasure but
provides less thermal spread and
saves time as a large jaw is used. It
uses PWM (Pulse waveform
modulation) instead of traditicnally
used impedance to modulate current
and voltage. The tip of the device also
claims better articulation compared to
similar devices in the market.

The Gyrus (fig 19)

This bipolar device delivers low
voltage, high current by employing
plasma kinetic technology. During
ccag. phase this device delivers rapid
pulses to allow ccoling in order to
centain unwanted thermal spread.
This device manages to hold on to the
tissue without slipeing during
desiccation. It is available in sizes of
5-10 mm

Harmonic Scalpel {fig 20)

This device is a high frequency
ultrasonic transducer. The blade of the
device vibrates at 55,000 Hz. It relies
mainly on mechanical energy instead
of electrical to seal tissue.. Though it
works like the Gyrus, it allows greater
centrol and lesser operating temp.
(50-100°C) while compared to cother
devices (120-400 °C). The variability
can be further adjusted by the
surgeon providing grater flexibility for
achieving various tissue effects. The
active blade is also used for cutting.

Secondary study | 15



Top

fig 21: Device
proposed in
patent US
8585734 B2

Bottom
fig 22: Exploded
Image source: http://www.google.com/patents/US8585734{as seen on 10.03.16) view
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1 Us8012166 B2

2 US 8585734 B2

3 US 6152923 A

4 Us 6041679 A

5 EP 0577423 A2

Laparoscopic instrument tip and
method of specimen collection

Ergonomic handle and
articulating laparoscopic tool

Multi-contact forceps and
method of sealing, coagulating,
cauterizing and/or cutting
vessels and tissue

Endoscopic end effectors
constructed from a combination
of conductive and ncn-
conductive materials and useful
for selective endoscopic cautery

Endoscopic instrument system

https://www.google.c
om/patents/US801216
6

http://www.google.c
om/patents/US85857
34

https://www.google.c
om/patents/US61529
23

https://www.google.c
o.in/patents/US60416
79

http://www.google.c
om/patents/EPQO5774
23A27cl=en

Patent study

A basic study of patents was done to
understand the work done as well as
oh-going research in the field of

laparoscopic electrosurgery devices.

Various patents were checked but not
much work has been done on design
of ergonomic and easy to use handle
for electrosurgery devices.

The table cn the left shows the
patents that were studied.

Only cne patent (US 8585734 B2) had
data regarding ergonomic handle
design. This device uses a sphere
lccated in handle to contrel the
motion of the tip. The handle itself is
similar to pistol grip.

Secondary study | 17






“To design a surgeon friendly

. . Detailed Brief
laparoscopic device for

electrosurgery procedures’ « User related issues

» Difficult to use
Primary Need * Surgeocn cannot rest his arms
* The device should be ergonomic, o Difficult to manoceuvre

mangeuvrakle and easy to use,
* Servicing issues

* Asitis aclass Il device, it should be * Device should be capable of

« able to withstand autoclave withstanding class Il device
temperatures. sterilisation

* Provisiocn for surgeon to rest his * Manufacturing issues
arms and fingers during the * Medical grade material with
operation should be provided. high heat resistance to be

used

* The device when stored during * The material should be easy

operation should not allow the tip tc clean and light

to touch any surface
* Operating conditicn

Secondary Need * To ke used in sterile
* Cable management and routing cenditions after sterilization
issues to be resolved * The surgeon will hold a
device in each hand while
* The height and positicn of the operating
screen to be adjustable * QOther devices should be
placed properly on tray near
* ESU unit should be portable and as the surgeon within easy
compact as possible reach of at least the assistant

Project brief | 19



tremors during prolonged surgeries
neck, back and shoulder pain |
need to continuously grip the tool ’

portability

visibility |

ease of operation
interface |= ESU

feedback mechanisms
weight

Size

cannot be sterilised

clarity during use H Cables ]

routing issues |
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function

aesthetics

branding
accessories (change parts )

Devuce ergonomics
quality (class II) device
storage during use
sterile packaging
easy to manufacture

Electrosurgery _ cluttered

¥‘ T ‘ difficult to move/navigate
sterile environment

visibility issues

positioning
Screen }; visibility
viewing angle
Top

fig 23: Mind map for electrosurgery. This
was used to derive some features



Initially after the primary and
secondary studies, a mind map was
created to understand all aspects of
the topic and three project
approaches were proposed {fig 23).

Approach &1 (fig 24,25)

* A handheld pocket cautery device
without wires

* Need to check feasibility as device
is class Il

* Eliminates cable issues

Approach & 2 (fig 26)

* Wearable ESU with slots for storing
the laparoscopic devices

» Cable routing issue and device
storage issue to be eliminated

Apprcach & 3

* A portable trolley around the
patient

* Trolley with overhead boom for
cable management

* Device storage provision to be
designed on the trolley

Ideation phase 1] 21
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fig 24: ideation for
approach #1
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Top
fig 25: initial sketches for approach #1
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fig 28: initial sketches for approach #2
Detailing out various ways of cable
management by using a boom



After initial ideation, we decided to
concentrate on primary cbjective of
creating a more usable and
ergonomic device (fig 25).

After understanding the hand
movements required for the device to
work, guick ideas were generated by
shifting the pivot point (fig 27-28)

Some quick ideas were also generated
on how the device would be placed so
that the surgecn has easy access. The
tip isolation was also thought of
during this phase (fig 29-32)

For the next phase 3 directions were
chosen based on ideations done by
varying locaticon of pivot.

A couple of varying hand dimensions
were plotted to understand the areas
where the dimensicnal change my
affect the most. Also the range of
motion and bend lines were also
generated.

Using this data, three concepts were

created and the 1.1 mock ups were
prepared for initial testing.

Ideation phase 2 | 27
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fig 29: ideation for device handle, for
various aspects of an ergonomic device
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fig 30: initial sketches with palm trigger
and variation of pivot point inspired by a
stapler
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— ( Top
= “ ’ S fig 31: initial sketches, detailing various
X . - - -
V= variations based on change in pivot
‘E”D point
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stand for the device
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fig 33: some more ideas for the stand
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Top
fig 36: plotting hand dimensions and
motions

Ideation phase 2 | 35






In concept 1, the thumk would rotate
the kncl, the index and middle fingers
would operate the trigger for jaw
opening, and the palm would be used
to press the trigger for cutting.

When this model was tested with
multiple people of varying hand sizes,
the feed back was positive from
people with smaller hands.

However a lot of them expressed the
difficulty that a palm trigger would
present.

fig 37: concept 1

Concept 1| 37
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Top

fig 38: sketches explaining direction of
forces on mechanism as well as parting
line for outer cover






‘ORGANIC

e j Top
fig 40: possible form variations for
concept 1 based on various expressions
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Top
fig 41: 1.1 mock up
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Top

fig 42: user testing revealed that even
though the form fits hand effectively,
using palm trigger could be difficult

42 | Concept 1



In concept 2, we wanted the device tc
feel more like an extension of the

™ 7 ) ) hand.

In this concept, the shaft extends
between the grip of index and middle
finger. The index finger rotates the
knob, while extension of thumb, opens
and closes the jaws. The cutting
trigger is operated by the index finger.

Most pecple of varying hand sizes
gave positive reviews about this grip.

fig 43: concept 2
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fig 44: sketches highlighting the form
and the direction on forces of a
probable mechanism
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fig 45: ; 4 —=-
orthographic (( s e | t)

drawing
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Top
fig 46: mock up
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fig 47: the tests showed that the devise
fits various hand sizes easily, also the
thumb trigger was appreciated
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Concept 3 is a slight variation on
existing pistol grip. Only the location
of cutting trigger is changed sc that it
can be pressed using the thumk.

fig 48: concept 3
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Top
fig 49: 11 mock up
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fig 50: Using 2 or 3 fingers for jaw
opening would be difficult for smaller
hands
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Top
fig 51: mock ups
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To evaluate the concepts, following
criteria were considered:

— * points of pressure on the hand
» restricticn to intended motion

/<7: * axial movement
* gripping comfort
Based on the results of the evacuation
? : and feedback, concept 2 was chosen
W
//,
——

CONCepT - Q /7

Ponts .
oF . L
PRessuRe ‘

for further development

/

PROS COMPACT comforINBLE ;
NC \L(ARNMING CUuKWC
ON 3 RANGE OF cxieNSIOMN oF
« TRIGGER Troms FINGERS GeT €AsILY
rovion FATIGLCD

fig 52: concept evaluation
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Ildeation phase 3

After finalizing concept 3, the next
phase was to create and test retainer
for the device.

The criteria was as fellowing:

* the retaining detail should ensure
that the device grips the hand

* provision of relaxing the hand
without removing the device

Various types of retainers were made
and tested (fig 49-54)

However, it was discovered that it
would be difficult to create a retainer
that would grip as well as feel
comfortable to hands of all sizes.

Hence it was decided to use s0ft
single finger retainers for the thumbk as
well as one to two more fingers.

Top
fig 53: mock ups for testing retainers
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fig 54: The retainer is placed over the
hand to allow the device to rest on the
hand
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fig 55: The retainer design is a variation
of fig 54, however it would be difficult
to adopt it for varying hand sizes
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fig 56: Similar to fig 54, but the trigger
uses a band for the thumb to allow
easier bidirectional movement
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fig 57: This was an effort to minimise the
visual weight of the retainer and to use
it as a stand
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fig 58: This design was the preferred
one during tests as it gripped the hand
in multiple planes
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The concept 2 form was tco organic,
hence it was decided to geometricize
the form for ease of manufacture and
also to simplify the visual form.,

Also these forms were the shown to
doctors at Indian Medical Device Expo,
(IMD-EXPQO) 2016 held at College of
Engineering, Pune (CcEP).

Based on their feedback it was then
decided to add flexibility to the thumb
operated trigger to provide a more
natural moticn of thumk.
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Top
fig 59: Geometricizing the forms and the
use of finger retainers
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Top left

fig 60: The finger retainers work better
than the previous designs allowing more
flexibility
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Top
fig 61: The new designs also have a more
compact and uncluttered form
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Top left

fig 62: The thumb retainer also feels
more comfortable, however the thumb
extension should be more natural
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Top
fig 63: Final concept direction
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Ideation phase 5

Top
fig 63: Final concept direction

The next step was to refine the form
and the overall concept.

We decided to incorporate the
following features in the final concept.

* The finger retainers provide grip
while allowing the surgeon to relax
the fingers without leaving the tcol

* The flexikle thumb ling replaces the
large finger motions with natural
thumb motion for jaw
opening/closing

 The device allows axial hand
movements without the need of
additional body contortions.

Then a mood board was created for
keywords , futuristic, clean, soft and
clinical.

On the basis of the mood board and
final concept direction, various
alternatives were created and refined
for the final form.
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fig 64: Image board (clean, futuristic, light, soft)
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R Ma. Parameters Min Percentiles Max  Mean +30  Ratio
5th 25th 50th  75th  S5th

187  Finger-tip breadth ale LK} 13 14 15 16 17 il 6 1 a0l

Faimala 10 ihl 12 12 13 15 16 13 1 0.m

Cambney W 12 13 ! 15 1 Fd 15 2 oo

191 Grip inside diameter,  hdale bl 4 A6 4% a1 E EQ E1H 4 00

Vv LEFT Femzle 35 a0 4./ b 49 52 57 AT g 03

Comrbinen 3% 41 a5 a3 a1 Si 60 44 4 003

185 Hand breadth Wale 60 ks 7 at a5 a0 100 52 & 0.05

without thimb Femalke 60 &8 B2 7 % i a2 73 5 005

at metacarpal Combined i BB 74 % B4 ai 100 i} 7 oos

186 Finger-tip depth Male i 1 12 13 14 15 18 14 1 0.a1

Famale H & @ 10 11 13 is 17 1 am

Combined g 10 12 13 e 15 18 14 2 0.01

180 Palm length Malz B Gz a9 103 107 114 176 104 2 Q.08

Femaie &4 aa a1 a4 97 103 113 a5 5 .06

Combined &4 2a oG 101 106 14 176 103 g HEH

181 Fistlength fdale 73 a5 k] 99 105 15 127 1o g Q.06

Farmaia 52 &1 a7 93 1 106G "z a2 13 206

LCombined 52 ar a2 98 104 115 127 k] LA Q.06

187
191

Image source: http://iitg.vlab.co.in/?sub=72&brch=171 {as seen on 14.04.163

fig 65: Anthropometric data was referred to

generate device dimensions. The above image
highlights the dimensions which will be considered
during detailed design

179
- - - >
180
- - — — — — - >
e ——
——
Y
—
Palm length Distance from the base of the palm to the base of the middle finger (at the paimar surface)
Fist length Length of the hand gnp in the same line of the long axis of the hand from the base of the
palm to the tip of the fist, wherever found
Hand breadth, Paximum dreadth across the palm at the distal ends of the metacarpal bones
without thumb, {where the fingers jin the palm) of the index and the Intle finger
at metacarpal
Finger-tip depth Mazirmum distance between the dorsal and the palmar surtaces of the tip of the middle
fingar.

Finger-tip breadth  Maximum distance across the lateral surfaces of the tip of the middle tinaer.

Grip inside Maarmum inside grip diameter, measured by shiding the hand down a graduated cone until
diameter, maximum the tips of the thumb and the middle finger remain touched 1o each other,
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Top
fig 66: Form exploration stage 1. Since
most of the forms were similar,

exploration continued.



Top left

fig 67: The highlighted sketches are the
final four forms selected for further
detailing.
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Top
fig 68: detailed sketches of selected forms
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Top left

fig 69: we finally decided to use a snap on detail to
fix index finger retainer on the device. The detailed
was designed so that just turning it would change
the device from right handed to left handed .

Ideation phase 5| 73



fig 70: Detailed sketches of selected
forms. This form was selected for quick
mock up stage
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Top left

fig 71: Detailed sketches of selected
forms. This form was selected for quick
mock up stage
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fig 72: The quick mock ups of the forms
selected. The form on the top side of the
page was finalised.
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Top left

fig 73: Ideation for the mechanism to be used for
jaw opening and closing, as well as trigger for jaw
cutting. The highlighted mechanism was selected
because of the minimal parts and ease of assembly
as well as maintenance
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Top

fig 74: The product name and logo were

explored and finalised



The final concept consists of following
Salient features:

* Flexible thumb trigger, provides
more instinctive hand movement
for jaw opening and closing, The
flexibility allows the trigger to be
operated by both sides.

\ * The thumb and index finger retainer
| ensures that the device grips the
users hand allowing the surgecn to
relax his/her fingers while working
and maintaining hold over the
device

* The index finger retainer contains a
stand which ensures that the tip
does not touch anything when the
device is kept on the surgical tray

* The mechanism is simplified to
linkages from gear and rack
mechanisms to ensure reduction of
weight and ease of assembly and
maintenance.

fig 76: Final concept
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Thumb operated trigger
//— P a9

/ Matl: Co moulded TPE and PC
Injection moulded

//—Trlgg er
/ Matl: PC
Injection moulded
,—”(
Knobs
/,.»- Matl: PC

Injection moulded

Retainer

Matl: TPE
Injection moulded

Casing snap fit on casing

Mati: PC
Injection moulded
ultrasonic welded

fig 77: parts with material details
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The up and down movement of
thumb trigger achieves jaw opening
and closing whereas the single
action index finger provides

actuation Q\\\
.
-

Rotation of the knobs
achieve the rotations
required in the jaw
and the shaft

Flexibility of the
link provides
usage by both
hands without
changing parts

Index
finger
retainer
with stand

Top
fig 78: Final concept features with range
of motion
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Top
fig 79: The dimensions of the device with
a table showing three sizes of device.
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The cuter body of the device will be
made out of injection moulded HDPE,
whereas the thumb and index finger
retainers will be made using silicone.,

The wire from ECU will be connected
toc the underside of the device. This
ensures that the wires don’t obstruct
the surgeon while cperation .

The stand makes the device sit at an
angle, ensuring that the tip of the
device doesn’t get contaminated by
unnecessary contact with the tray.

The device will be sterilised using ELC
(Ethylene Oxide) gas instead of
autoclave to ensure minimum thermal
deterioration of the materials used.
The materials were selected on the
basis of their chemical resistance to
EtO as well as their usage in the
bicmedical device industry.

Top
fig 80: Final concept
prototype
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The next step of the project will be to
produce working prototypes and
testing them extensively. The
validation for design in terms of the
fatigue caused over long duration of
usage.

The next phase of project should also
focus on design for manufacture and
working out a packaging sclution for
this product.

Once the handle is validated, a range
of laparoscopic products can then be
produced for different kinds cf
procedure.
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