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ABSTRA CT 
Laparoscopic surgery offers multiple clinical advantages 

over open surgical procedures.  The rise in adoption of 
laparoscopic surgery brings with it unique human factors 
challenges for surgeons and device developers.  The design of 
laparoscopic surgical tools requires specialized human factors 
analysis and ergonomic considerations to overcome these 
challenges.  Often, this necessary ergonomic design refinement 
is a secondary effort after proof-of-concept engineering 
prototypes demonstrate technological feasibility.  

In this paper, the evaluation and redesign of an engineering 
proof-of-concept multimodal hand tool, is presented.  The 
baseline design, a three-in-one laparoscopic hand tool for liver 
resection, merged three distinct devices into one integrated 
solution for dissection, vessel sealing, and tissue cautery.  The 
work described herein evolves the initial prototype using a 
multifaceted human factors analysis and design process.  This 
included the use of operating room and laboratory contextual 
inquiry, simulated use studies, anthropometric underlays, an 
iterative design process, and expert reviews.  The revised design 
reduced ulnar deviation based on directed hand position via 
design, provided dual grip options, added over-molded 
interaction points, incorporated end-effector rotation, and 
implemented a new handle and controls layout based on 
anthropometric underlays.  The outcome reinforces the notion 
that human factors and industrial design principles are required 
elements of a successful user centered design process. 

Keywords: Human Factors, Contextual Inquiry, Hand Tools, 
Industrial Design, Laparoscopic Liver Resection. 
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INTRODUCTION 
Laparoscopic surgery provides multiple clinical advantages 

over open surgical procedures.  These include reduced blood 
loss, reduced intravenous narcotics use, lower morbidity rates, 
shorter hospital stays, and fewer complications [1]. 
Nevertheless, the rise in adoption of laparoscopic surgery brings 
with it increased mental stress, fatigue, and potential for injury 
to the surgeon [2,3].  Inadequate human factors and ergonomic 
considerations during the design of laparoscopic surgical 
instruments has harmful effects on device and surgeon 
performance [3].  Compounding these problems, textbook design 
principles used to develop traditional hand tools do not address 
the challenges of laparoscopic surgery [4,5].  

The unique human factors and ergonomic constraints that 
arise during laparoscopic procedures include range of motion 
limitations, mirrored end-effector movement, reduced visibility, 
and increased levels of fatigue from poor ergonomics [6-12]. 
The design of laparoscopic surgical tools requires specialized 
human factors and ergonomic considerations to overcome these 
challenges.  Often, this necessary human factors and industrial 
design refinement is a secondary effort after proof-of-concept 
engineering prototypes demonstrate technological feasibility.  

The objective of this project was to evaluate and redesign 
the handle and controls of a proof-of-concept multimodal hand 
tool to maximize device usability for laparoscopic surgery.  To 
achieve this goal, the team used a user centered waterfall process 
[13].  Haridas, Privitera, and Rudich [14] outline the 
development of the initial engineering prototype that was the 
starting point for this effort (Figure 1).  That baseline concept for 
a three-in-one laparoscopic liver resection device was based on 
the Kelly crush clamp technique [15].  The device ergonomically 
mimicked the Kelly clamp and added mono- and bi-polar cautery 
in a unified design [14].  The prototype merged three distinct 
devices into one integrated solution for dissection, vessel 
sealing, and tissue cautery.  Its design featured a Y-grip handle 
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(i.e., two moving arms, mirrored finger loops, and centralized 
pivots) with laparoscopic functionality via an elongated central 
shaft.  The work described herein retains the core functional 
intent explained in Haridas et al. [14] but evolves that initial 
concept using a multifaceted human factors analysis and design 
process. 
 

 
Figure 1:  BASELINE FULLY-FUNCTIONAL PROOF-OF-
CONCEPT PROTOTYPE EXPLAINED IN HARIDAS ET AL. [14] 
 
METHODS 

Contextual inquiry, anthropometric underlays, an iterative 
design process, and expert reviews were the methods of the 
redesign effort. 
 
2.1 Contextual Inquiry  Research  

The design team implemented semi-structured protocols for 
contextual inquiry in the operating room and engineering 
laboratory.  The inquiry focused on verifying design inputs, 
identifying pain points, and uncovering areas of opportunity for 
further design iteration.  The team documented user feedback 
and device interaction via hand written notes, audio- and video-
recordings, and still photography (Figure 2).  In-person 
observation and review of pre-recorded surgical videos gave the 
team a broad clinical perspective.  Clinical review included a mix 
of laparoscopic and open procedures and a combination of 
exploratory/diagnostic surgery and surgeries with a planned 
intervention (i.e., resection).  

To supplement the field work, task-based bench trials 
allowed for observation and assessment of the baseline proof-of-
concept prototype (Figure 3).  This included simulated use 
evaluations of the proof-of-concept prototype in an engineering 
lab with the project’s clinical partner, a representative user 
(general surgeon).  The bench evaluation tasks were based on the 
primary use scenarios of the proposed design (e.g., crush 
dissection, vessel sealing, and tissue cautery).  

Contextual inquiry drove changes to design inputs and 
added new user needs (e.g., end-effector rotation).  Further, 
observation of the proof-of-concept prototype during simulated 
use uncovered ulnar deviation as a primary pain point of the 
proof-of-concept design.  The user research also illustrated the 
need for a dual grip handle (i.e., power and precision grips) 
within a single form factor.  The design requirement adding 
multiple grip options enhances use flexibility and accommodates 

broad user preferences.  It also allows a user to fine tune their 
grip/clinical approach while minimizing device exchanges 
(mimicking the flexibility of three distinct devices in an open 
procedure). 

 

 
Figure 2:  CONTEXTUAL INQUIRY PHOTOGRAPH FROM A 
LAPAROSCOPIC DIAGNOSTIC LIVER RESECTION SURGERY 
 

 
Figure 3:  PHOTOGRAPHS FROM A SIMULATED USE BENCH 
STUDY OF THE BASELINE PROOF-OF-CONCEPT PROTOTYPE 
 
2.2 Anthropometric  Design  Underlays Generated  

A literature review of anthropometric data and ergonomic 
guidelines further refined the project’s design requirements.  The 
team obtained data for hand, thumb, finger, and individual digit 
dimensions (e.g., distal phalanx, medial phalanx, and proximal 
phalanx).  Data included dimensions for reach, breath, length, 
circumference, and interdigit space location.  The team compiled 
and unified the data to develop custom anthropometric underlays 
as guidance for handle and controls layout exploration. 
 
2.3 Iterative Design Process  

The team employed an iterative design process to refine the 
application of human factors in design.  Repetitive cycles of 
concept exploration (i.e., divergent thinking) and down selection 
(i.e., convergent refinement) built on the revised user needs and 
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design inputs, the findings from contextual inquiry, and the 
anthropometric underlays.  Foam models facilitated early hands 
on design reviews (Figure 4).  The iterative handle shroud and 
controls refinement process incorporated concepts with 
increasing fidelity starting with concept sketches and finishing 
with 3-dimentional (3D) printed computer aided design (CAD) 
assemblies.  The unified anthropometric underlays were guides 
for handle size and shape, and illustrated recommendations for 
finger loop location, and the size, shape, and placement of input 
controls (e.g., the trigger and rotation knob) (Figure 5).  

 

 
Figure 4:  DESIGN EXPLORATION VIA HAND CARVED 
POLYSTYRENE FOAM AND 3D PRINTED CAD MODELS 
 

 
Figure 5:  HANDLE AND CONTROLS LAYOUT REFINEMENT 
USING UNIFIED ANTHROPOMETRIC UNDERLAYS 
 
2.4 Expert Reviews  

Expert reviews and a final design evaluation of semi-
functional 3D printed prototypes verified the redesigned user 
centered concept against the revised usability and design 
requirements.  Dual-durometer 3D printed examples helped the 
team evaluate proposed over-molded components (Figure 6).  

 

 
Figure 6:  SEMI-FUNCTIONAL DUAL-DUROMETER 3D 
PRINTED SOFT TOUCH PROTOTYPE OF THE REVISED DESIGN 

A final formative design review, via expert assessment and 
walk-through, verified the design against criteria covering the: 
 

1) Pain points and areas of opportunity uncovered during 
contextual inquiry and simulated use observation,  

2) Inputs from the previous development effort (e.g., the 
original mechanical constraints and mechanism designs), 
and 

3) Anthropometric underlays and refined human factors 
guidelines. 
 

RESULTS 
The output of the multifaceted human factors analysis and 

design process evolved the proof-of-concept design to address 
the unique human factors and ergonomic considerations of a 
laparoscopic approach (Figure 7).  The revised dual grip 
multimodal design:  

 
1) Reduced ulnar deviation via a relaxed grip angle,  
2) Provided flexibility via dual grip options,  
3) Added over-molded soft touch features on primary 

interaction points, 
4) Included end-effector rotation to address access 

constraints, and  
5) Implemented a handle and controls layout based on 

anthropometric underlays. 
 

 
Figure 7:  REVISED DUAL GRIP MULTIMODAL DESIGN 
 
INTERPRETATION 

A multifaceted human factors analysis and design 
refinement successfully: 

1) Confirmed the unique design constraints of laparoscopic 
surgery,  

2) Evolved and verified user needs and design inputs, and 
3) Optimized a proof-of-concept design based on applied 

human factors guidelines.  

The use of contextual inquiry, anthropometric underlays, an 
iterative design process, and expert reviews maximize device 
usability for laparoscopic surgery.  This outcome reinforces the 
notion that human factors and industrial design principles are 
required elements of a successful user centered design process.   
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