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ABSTRACT 

The loss of digits from the hand is the most common upper limb amputation but there is a lack of commercially 

available prosthetic digits to replace what was lost.  The lack of prosthetic options is especially severe for small adults 

of children with hand sizes that are too small for existing prosthetic componentry.  Here we describe the design of a 

miniature ratcheting prosthetic digit for small adults and children with partial hand amputation.  The design features 

are discussed and mechanical testing of the digits was performed.  The results indicate that the miniature digit can 

withstand heavy-duty loads and has a failure strength of over 275 lbs while sized for a 5th percentile female hand or 

an 8-year old child.  Soon, this miniature digit will hopefully serve a population of people with partial hand amputation 

that have been underserved up to this point in time.   

INTRODUCTION 

There are approximately 500,000 people living with minor 

upper limb loss in the USA [1], [2].  Minor upper limb loss (also 

partial hand amputation) is defined as the amputation of the 

bones distal to the wrist joint.  While the field refers to these 

types of amputation as ‘minor,’ it can be a severe disability, 

especially if the amputation involves the thumb and/or multiple 

digits.  In fact, partial hand amputees self-report a higher level of 

disability compared to other major unilateral upper limb 

amputees [3].  Furthermore, it was reported that fewer than half 

of partial hand amputees were able to return to the same job after 

amputation and most found that the prosthetic devices were 

insufficient to meet the demands of their work [4]. Amputation 

can cause physical, psychosocial, and economic damage to an 

individual and can lead to depression, anxiety, loss of self-

esteem, and social isolation [5], [6]. While the number of 

individuals with partial hand amputation is 10 times more than 

all other categories of upper limb amputation combined, the state 

of available technology for this underserved patient population 

is relatively poor [7]. 

Current partial hand prostheses are limited in several ways. 

First, they generally lack robustness, and there are frequent 

reports of devices breaking under normal use. Second, most 

current options offer a one-size-fits-all approach, which limits 

the acceptance by people who want a prosthesis that matches their original finger size. A complete lack of prosthetic 

finger options can occur for men and women with smaller anatomical size. Third, rotation of the finger about the 

anatomical center of rotation of the metacarpophalangeal (MCP) joint is not possible with current options resulting in 

a prosthesis that is frequently too long. Fourth, current prostheses require the use of the opposite hand to operate the 

 

Figure 1: A depiction of the miniature 

digits spanning lengths of 55mm (little finger) 

to 75mm (middle finger) on a full hand model. 
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device. There is a need for a durable, scalable, single-handedly operable prosthetic finger which is anatomically 

suitable for small adults or children. 

The lack of prosthetic limb systems for small adults and children with upper limb amputation is a problem within 

our field.  Even data concerning the prevalence of upper limb loss among women in particular is lacking [7].  Ziegler 

et al. estimated limb loss in the United States in 2008 and determined that women comprised 35% of all persons with 

upper and lower limb loss [1].  More specifically, Atkins et al performed a thorough survey of persons with upper-

limb loss in 1996 and found that women comprised 22% of persons with upper limb loss [8].  Based on this percentage 

(22% women) while the majority of people with upper limb amputation are male, there is still a large population of 

women, approximately 110,000 women [1], [2] who are in need of better prosthetic options at the finger level.   

The differences between male and female hand anatomy are great; a 50th percentile female middle finger length 

(101mm) is equivalent to the 1st percentile male middle finger length (102mm) [9].  Also, the 1st percentile male 

middle finger length (102mm) is 13mm longer than the 1st percentile female middle finger length (89mm).  These 

differences essentially preclude the use of most current partial hand prosthetic devices for women who are not in the 

5th percentile or greater.  With this effort, we sought to design a miniature prosthetic finger with 55mm length that 

would provide a valuable device for 5th percentile women and 5-year-old children (Figure 1) [10].   

DESIGN METHODS 

The design of the miniature digit was based upon our prior work on the Point Digit now commercialized by Point 

Designs LLC (Lafayette, CO).  The miniaturization of the digit affects the function of the mechanical systems within 

it.  Multiple mechanisms within the current design were scaled with the size of the finger including 1) the ratchetting 

mechanism, 2) the bump release mechanism, and 3) the push-button release mechanism.  The tolerances involved 

were redefined for the miniature mechanisms to provide the same amount of reliability and function using a repeatable 

manufacturing method.  The bump release unlocks the ratchetting mechanism allowing the spring to bring the finger 

to full extension.  The “props” within the bump release mechanism are used to unlock the ratchetting mechanism 

bringing the finger to full extension.  

The current, full-sized Point Digit weight specification is no more than 70 g (1/8 lb.) based on an estimate of 

anatomical weight where the hand makes up 0.75% of body weight [11]. In the case of a 175 lbs. male whose hand 

would weigh about 1.25 lb., and assuming the palm makes up 50% of that weight, each finger and thumb would be 

1/8 lb. (~66 g). The Point Digit prototype weighs between 45 g (80 mm length) to 55 g (120 mm length), satisfying 

the weight requirement for male hands.  We sought to reduce the weight of the Point Digit by 50% to a weight of 25g 

in order to fit women with body weight as little as 90 lbs. To achieve this, we will print the finger in titanium as well 

as light-weighting the componentry using direct metal laser sintering techniques. 

EXPERIMENTAL METHODS 

We evaluated each finger on a bench-top material-testing machines (MTS) and custom finger cyclers to establish 

if the design meets specifications. To create a clinically-ready prosthetic finger, we need the miniature digit to be 

durable, robust, and able to withstand high forces.  The mechanical testing spanned static loading conditions, dynamic 

loading conditions, and dynamic unloaded conditions.  Each test was conducted with loads applied to the palmar 

surface of the distal phalange, the palmar surface of the medial phalange, and lateral surface of the distal phalange.  

The static loading test applied loads of 66N on the palmar and lateral surface of the  distal phalange as this is the 

minimum a prosthetic hand should be able to generate [12] and loads of 98N on the palmar surface of the medial 

phalange as this is approximately the weight of a bag of groceries (10kg).  After achieving this minimum specification, 

each finger was tested to failure with loads applied to each finger surface. The dynamic loading test applied a repetitive 

fatigue load of the same magnitude of the static loading testing at a rate of 1Hz for 10,000 cycles.  The dynamic 

unloaded test cycled the digit through 250,000 flexion and extension cycles.  This simulated the unloaded use of the 

digit over 3 years of use assuming ~30 grip changes per hour, 8 hours of wear time per day, and 365 days of use per 

year.  A custom made cycle testing machine used an actuator to flex the digit into full-flexion and then relied on the 

spring-back mechanism within the digit to fully extend the digit.  This test ensured the mechanism can withstand long-

term use while maintaining the ratcheting and spring-back functions.  The successful completion of these 

specifications will match the mechanical specifications of the Point Digit.     
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RESULTS 

A battery of verification tests was performed to ensure 

that all design specifications of the miniature prosthetic 

digit had been met. In all tests, the digit met or exceeded 

the specification (Table 1). In some cases, the digit 

exceeded the specification by several factors. The 

miniature digit met the mass and length requirements of a 

5th percentile female as well as a 5-year old child.  In the 

most demanding test, the static load test at the distal tip of 

the finger, the static strength of the Point Digit at the distal 

fingertip exceeded the specification by 18 times (1,242 N 

compared to 66 N, 279 lb compared to 15 lb).  The 

dynamic load tests were all successful in that the digits did 

not show any visible signs of wear, damage, or loss of 

function.  The dynamic cycle test was not completed at the 

time of this publication, but has proceeded without adverse 

events at this time.  These results indicate that the 

miniaturization of the digit did not cause a decrease in 

mechanical performance of the mechanisms involved in 

the ratcheting prosthetic digit.    

 

 

 

Table 1. Mechanical Testing Results 

 Mass Length Dynamic 

Cycle 

Test 

Dynamic Load Testing 

(10,000 cycles @ 1Hz) 

Static Load Testing 

(Load to failure) 

Specification 25g – 

35g 

55mm – 

75mm 

250,000 

cycles 

Distal Medial Lateral Distal Medial Lateral 

66 N 98 N 66 N ≥66 N ≥98 N ≥66 N 

Testing 

Result 
30g 

55mm – 

75mm 
N/A 

10,000 

cycles 

at 66 N 

10,000 

cycles 

at 98 N 

10,000 

cycles 

at 98 

N 

1,242 N 
≥200 

N 

≥200 

N 

Meets 

Specification 

  
--    +++ + + 

Exceeds 

Specification 

by 

-- -- -- 1x 1x 1x 18.8x 2x 2x 

 

DISCUSSION 

The mechanical design of miniature prosthetic fingers for small adults and children with partial hand amputation 

requires a great reduction in size of the internal mechanisms involved in the devices.  This work details the creation 

of a robust device which can withstand heavy-duty use for these under-served patient populations.  A battery of 

mechanical tests confirmed that the miniature digit could withstand clinically-relevant loads and cycles of use.  The 

success of this mechanical design was accomplished using rapid-manufacturing technology like direct-metal laser 

sintering 3D printing.  This manufacturing method enables complex componentry to be created with internal 

geometries and in-situ functions that are not possible with other manufacturing techniques.  Furthermore, the 3D 

printing technology allows for the digit to be easily scaled between 55mm – 75mm and thereby produce appropriate 

 

Figure 2: Exemplary data from the dynamic load 

test applied to the medial phalange.  500 loading 

cycles are shown out of the 10,000 cycles performed. 
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lengths for a variety of patients.  Future work will produce miniature digits for small adults in a laboratory testing 

session as well as a take-home clinical trial.  Then, relevant outcome measures will be produced in order to detail the 

utility of the miniature digit during activities of daily living.      
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