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SUMMARY 
Scalpels are among the most commonly used tools in modern 
surgery, which are inadequate for fine and curved incisions. 
The current flat-sided scalpel design limits the surgeons’ 
ability to create precise, small incisions because the handle 
tends to rotate in their hands, especially for nonlinear 
incisions. To overcome this problem, an ergonomic scalpel 
handle design has been proposed which features a cylindrical 
cross-section and smooth tapering that naturally fits hand 
positions which are used for creating an incision.  
It has been postulated that an ergonomic handle design would 
incorporate the Golden Section Ratio within and hand 
dimensions. Based on nine surgeons’ feedbacks fourteen 
prototypes were produced. An analysis of the grip perimeter 
and blade length of the designs was conducted to determine if 
the Golden Section Ratio was observed. Through the force and 
moments measurements using an AMTI AccuSway force 
platform it was found that the handles with the lowest applied 
forces were those where the ratio of the blade length to the 
handle circumference was closest to the Golden Ratio. The 
psycho-psychical assessments of nine surgeons affirmed an 
existence of the Golden Section in surgical device design as a 
preferred design harmonizing hand dimensions with surgeons’ 
work demands. 
 
 
INTRODUCTION 
One of the most common procedures performed by plastic 
surgeons is the removal of skin lesions. This procedure is 
performed by cutting an ellipse around the skin surrounding 
the lesion. The incision is cut at an angle creating a mirrored 
“V” to minimize scar formation after healing. Unfortunately, 
with the scalpels that are currently available, creating a 
perfectly mirrored incision is not a simple operation. 
 
According to the National Center for Health Statistics, 41.3 
million inpatient and 31.5 million outpatient surgeries were 
performed in 1999 [1]. The commonality between the 
surgeries is use of a Bard Parker scalpel. This scalpel, made of 
stainless steel, has a completely flat handle. This is the type of 
scalpel currently used as UMass Medical, which we refer to as 
the “Standard Scalpel,” and is the design this project aimed to 
improve.  

 
The project goals were to design and manufacture a scalpel 
handle that would increase the comfort, control, and precision 
a surgeon has when creating an incision. The comfort of the 
scalpel handle is based on how it feels in the surgeon’s hand, 
involving the handle and blade length, diameter of a grip, 
cross-sectional design, and balance. Control is gained by a 
design that does not slip or rotate unexpectedly in the hand. 
Precision is generated from the surgeon’s ability to stabilize 
their arms, shoulder, and torso, limiting unbalanced 
movements. Improving precision requires the scalpel handle to 
be designed such that it will not force the surgeon to move 
their body in an undesirable manner. 
 
This engineering design problem requires knowledge of 
biomechanics, how the surgeon’s hand will interface with the 
scalpel handle, and understanding desirable dimensions for a 
hand tool. The Golden Section, which has been utilized in art 
for millennia for its aesthetic qualities, has more recently been 
found to have applications in ergonomics as well, Figure 1 [2]. 
 
As Figure 1 shows, the Golden Section is exhibited throughout 
human anatomy in the proportions between body segments. 

 
Figure 1: Leonardo da Vinci’s interpretation of Vitruvius[2] 

 
The Golden Section is defined as the proportion of two line 
segments, A and B, such that if the whole (A+B) is set equal 
to 1, it is found that B=0.618.   



A/B = B/(A+B) 
 
METHODS 
To design the ergonomic scalpel handle, extensive patent 
research was conducted to understand current scalpel handle 
designs. Surgeons at UMass provided the group with 
demonstrations using the current scalpel handles, which 
helped guide the initial phase of prototyping. Prototypes were 
created using a rapid prototyping machine. Prototype 
refinement continued through feedback provided by the 
surgeons. 

 
 Force testing, using an AMTI AccuSway force platform and a 
repeatable cutting surface, ran parallel with the prototype 
development. An analysis of the grip perimeter and blade 
length of the designs was conducted to determine if the golden 
section ratio was observed, Figure 2. 

 

 
     Figure 2: Scalpel dimensions including A, the handle 

perimeter, and B, the blade. 
 
RESULTS AND DISCUSSION 
 
For the quantitative testing of total 14 scalpel designs we used 
AMTI force plate, to measure the forces in the X, Y and Z 
directions, as well as the moments about these axes.  We 
tested the current five commonly used scalpels (e.g. Standard, 
Canica, and ErgoCut) as well as nine alternatives. 
 
The proposed final ergonomic scalpel’s design force platform 
data compares positively against the standard scalpel. 

The results revealed the differences in the two designs on the 
forces and moments utilized during cutting tests. The forces in 
the Z direction, directly onto the surface, stay relatively 
constant despite changes in scalpels, which is consistent with  
the fact that surgeons need to apply a certain force to create an 
incision. The forces in the X and Y directions have much lower 
magnitude. 
 
The average moment revealed that the ergonomic design helps 
to reduce rotational forces exhibited onto the scalpel handle, 
specifically in the X direction. The moment drops 50%, from a 
range of 6 Nm to a range of 3 Nm. This demonstrates less 
scalpel handle movement and more stability. 
 
It was found that the handles with the lowest forces were those 
where the ratio of the blade length to the handle circumference 
was closest to the Golden Ratio (6 of 14 designs are presented 
in Table 1). As previously discussed, lower forces and 
moments indicate that cutting with these designs allows for 
greater precision. 
 
The ergonomic scalpel handle (with approx. 0% error from 
Golden Ratio, Design 3, in Table 3) is innovative and will 
dramatically change surgeons’ perceptions to scalpel handles 
if adopted. The cylindrical and tapered design reduces 
rotational force from the scalpel handle, providing a more 
stable surgical tool which can reduce hand fatigue. All of the 
nine surgeons interviewed described the ergonomic scalpel 
handle as more comfortable than the standard one used. The 
dimensions of the ergonomic scalpel handle provided a more 
balanced surgical tool that fits the hand naturally. 
Ideally, these improvements will help to shorten the time in 
surgery and provide the surgeon with a tool that can create 
elliptical incisions with more accuracy. 
Future developments with this research project could include 
improving the ergonomics of other surgical tools and further 
investigating the Golden Ratio as a factor in ergonomics. 
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Table 1: Tables may extend across both columns, and those should be included at the bottom of the proceeding. 

 

Design Name Grip 
Diameter 

Grip 
Perimeter 

Sharpened Blade Length/ 
/(Grip Circumference) 

% Error from 
Golden Ratio 

 [mm] [mm]  [%] 
Canica N/A 34.00 0.79 -28 

ErgoCut N/A 42.10 0.64 -4 
Standard N/A 28.00 0.96 -56 
Design 1 20.30 63.77 0.42 31 
Design 2 14.67 46.09 0.59 5 
Design 3 13.85 43.51 0.62 0 

 


