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Abstract—Based on recent advances in prosthetic technology 
available for individuals with partial hand loss or deficiency, 
research is needed to best ensure the acceptance of these 
devices. Additionally, this population is subjected to higher 
risks of overuse syndromes. With improved technological 
advances in prosthetic devices, clients can engage in more 
complex activities with less compensation. The purpose of this 
study was to describe the tasks identified as both difficult and 
important to individuals with partial hand loss. Recommenda-
tions will be provided regarding matching users’ individual-
ized goals with considerations in prosthetic design, functional 
training, programming, and adaptive equipment.
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INTRODUCTION

Epidemiological data estimate that of the 20,000 new 
cases of upper-limb loss or deficiency each year, approxi-
mately 90 percent occur at the wrist or more distal [1]. 
Partial hand limb loss or deficiency can have a profound 
impact on function. The American Medical Association 
provides an impairment rating of 40 percent hand impair-
ment, 36 percent upper-limb impairment, and 22 percent 
impairment to the person as a whole when the thumb is 

amputated at the metacarpophalangeal (MCP) joint [2]. 
Hand impairment as high as 100 percent can result when 
there are amputations of the thumb and all fingers at the 
MCP joints [2]. Since externally powered partial hand 
prostheses have only been available since 2008, these 
individuals had previously relied upon the creativity of 
the prosthetic and rehabilitation team to provide func-
tional solutions. Before 2008, the prosthetic options were 
passive functional devices, task-specific devices, and 
some limited mechanical designs. These designs are still 
available today and can complement an externally pow-
ered device as a secondary prosthesis. Also, they can be 
an appropriate option when the user’s needs relate to 
goals that are contraindicated for an externally powered 
device, such as exposure to dirt, heavy vibration, or 
moisture.

Abbreviations: ADL = activity of daily living; COPM = Cana-
dian Occupational Performance Measure; DASH = Disability 
of the Arm, Shoulder and Hand; FPST = Flinn Performance 
Screening Tool; IADL = instrumental ADL; IRB = Institutional 
Review Board; MCP = metacarpophalangeal; OI = overuse 
injury; ROM = range of motion; VLA = valued life activities.
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Passive functional devices include any device designed 
with static components that have no inherent movement 
within the device. Silicone restoration prostheses are con-
sidered passive functional because they allow the user to 
support, push, pull, and stabilize objects as well as provide 
psychological benefits to the user because the device 
resembles the anatomical details of the missing fingers or 
hand. Opposition posts are also passive functional devices 
and allow remnant fingers to oppose against a static arma-
ture or platform on the prosthesis. Another option for pros-
thetic partial hand use is the task-specific device. These 
devices are designed to help the user participate in a spe-
cific activity and can include everything from cutlery and 
tools, to billiards and fishing. Mechanical fingers have 
become more advanced in recent years and operate through 
the harnessing of proximal joints and anatomy. Because 
mechanical fingers rely on the motion of the user, their use 
is dependent upon the presentation, strength, and range of 
motion (ROM) of the wearer. Finally, externally powered 
partial hand prostheses provide multiarticulating motorized 
digits that are powered by batteries. These devices provide 
the highest grasp and pinch forces of the previously men-
tioned devices and can simulate the pinch and grip patterns 
of the human hand.

In a research study comparing Vietnam veterans to 
the more recent veterans from the conflicts in Iraq and 
Afghanistan, the more recent veterans reported that, of all 
the levels of upper-limb loss, partial hand limb loss had 
the greatest impact on their quality of life [3]. In this 
same study, the partial hand veterans from Iraq and 
Afghanistan were the least likely to use their prosthesis in 
the completion of activities of daily living (ADLs) [3]. 
These results are similar to research results from Austra-
lia, where individuals with various levels of upper-limb 
loss were asked to rate their function using the Disability 
of the Arm, Shoulder and Hand (DASH). In this study, 
persons with partial hand limb loss reported higher levels 
of disability than those with major unilateral upper-limb 
amputations [4]. Data for both of these studies were col-
lected before the availability of externally powered par-
tial hand prosthetic options.

The lack of personalized prosthetic training can lead 
to the rejection of hand prostheses and contribute to the 
development of overuse injuries (OIs). Persons with 
upper-limb amputations are at risk for developing OIs 
sometime in their lifetime [5]. As many as 50 percent of 
persons with unilateral upper-limb amputations reported 
OIs within 2–5 yr postinjury for diagnoses such as epi-

condylitis, tenosynovitis, trigger finger, and carpal tunnel 
syndrome [6]. Moreover, the unaffected upper limbs have 
higher than expected OI pain symptoms in the shoulder 
(45%), elbow (28%), wrist (28%), and hand (23%) [7].

Compared with individuals with transradial levels of 
amputation, persons with partial hand limb loss or defi-
ciency are uniquely challenging for prosthetists and
therapists. Oftentimes, remaining digits may have musculo-
skeletal comorbidities such as hyper- or hyposensitive 
tissue, decreased ROM, adherent scar tissue, decreased 
circulation, neuromas, or burns. Consideration must be 
made for maintaining active ROM at remaining joints. 
Additionally, the team must consider how the remaining 
fingers will interact with the mechanical digits, how the 
alignment of the mechanical digits will affect function, 
and how to optimize control of the device with multiple 
grasp patterns and coordinated movements. This coordi-
nated movement begins with the ability to pinch and 
grasp objects and evolves into high-demand ADLs, 
instrumental ADLs (IADLs), work, and leisure tasks 
through functional training. In order to provide this previ-
ously underserved population with functional solutions, it 
is important to ensure that the individual’s goals are iden-
tified and addressed.

Literature on goal setting has identified the importance 
of ensuring meaningfulness to the client rather than substi-
tuting the clinician’s values onto the client [8]. As this 
relates to upper-limb prostheses, the presence of functional 
training increases the rate of integration of the device into 
the individual’s daily life from 50 to 90 percent [9]. The 
quality of training and level of experience by the prosthetic 
and occupational therapy team members can outweigh the 
impact of being fitted late when one is looking at reducing 
rejection rates of upper-limb prostheses [10].

Other studies have explored how hand prostheses 
affect a user’s ability to engage in various ADLs. How-
ever, prior studies have failed to identify the priority 
activities of the prosthetic user and to ensure that the 
design of the prosthesis contributes to the successful per-
formance of those goals. The purpose of this study, there-
fore, was to identify those tasks that individuals with 
partial hand limb loss or deficiency found both difficult 
to perform and important. In practice, this information 
leads to personalized modifications for individuals with 
prosthetic hands to ensure accomplishment of priority 
tasks. These modifications will be described in the “Dis-
cussion” section from the prosthetist’s and occupational 
therapist’s perspective.
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METHODS

Participants and Recruitment
The study was implemented at the Touch Bionics Cen-

ter of Excellence located in central Ohio. The potential sub-
jects were being fitted for their Touch Bionics i-digits 
partial hand prostheses as a result of hand amputations, 
either acquired or congenital, and involving one or more 
digits of the hand. Subjects were recruited through conve-
nience sampling from all persons referred from June 2010 
to November 2011. Eligible clients were invited to partici-
pate in the study and consented.

Measures

Demographic Information
A survey questionnaire assessed demographic infor-

mation for sex, age, educational level, marital status, eth-
nicity, home environment, employment status, level of 
work demands, amputation level, time since amputation, 
cause of amputation, dominance pre- and postinjury, and 
changes in body functions. Categorical responses for 
each item were collected.

Screen of Activity Limitations
The Flinn Performance Screening Tool (FPST) was 

selected as a tool that identifies the valued life activities 
(VLAs) of individuals recovering from an injury. Defined 
as a wide range of activities that individuals perform on a 
daily basis, performance of VLAs has been strongly linked 
to psychological well-being, satisfaction with function, 
and quality of life [11]. The client selects important and 
problematic activities from a comprehensive card sort of 
301 photographs representing 25 categories of occupation 
described in the “Occupational Therapy Practice Frame-
work” [12]. Face validity was established from 200 ortho-
pedic and rheumatology clients. Psychometric properties 
have been established for test-retest reliability, internal 
consistency, interrater agreement, and construct validity 
for persons with orthopedic disorders [13]. Figure 1 pro-
vides examples from the FPST.

A dichotomous rating scale was used for the FPST, 
where a score of 1 indicated that the activity was important 
but problematic to the subject and a score of 0 indicated 
that the activity was not important or not problematic. Of 
the important but problematic items, subjects were asked 
to rank the top five priorities. The scores on the FPST 
range from 0–144 for the ADL subscale, 0–157 for the 
IADL subscale, and 0–301 for the total scale.

The ranked activities and the number of important 
but problematic items on the FPST were calculated on 
each subject. The higher the number of important and 
problematic scores on the FPST, the greater the level of 
self-reported disability. Due to the large number of FPST 
items, ranking of five priority items was used to identify 
common concerns by the subjects.

Procedures
The study protocol was approved by The Ohio State 

University Institutional Review Board (IRB)-Biomedical 
Sciences. Graduate students from the Occupational Ther-
apy program were trained in the consent process and 
administration of the demographic survey and the FPST. 
Two students completed the data collection to avoid pos-
sible bias by the investigative team. The identification 
number for each problematic FPST item was then entered 
into an Excel (Microsoft Corporation; Redmond, Wash-
ington) spreadsheet for analysis.

Analytic Analysis
Descriptive analysis was used to examine the demo-

graphic data. Frequency distributions were calculated for 
the total number and five priority FPST items.

RESULTS

Sample Characteristics
Fifteen participants with partial hand amputations 

completed the study. The demographic characteristics are 
reported in Table 1.

Activity Limitations
The participants reported limitations in all categories 

of the FPST. Based on the total number of 301 FPST 
items, an average of 18.51 items was recorded per subject 
(standard deviation = 18.51, range = 0–62). Ten activity 
limitations were identified by 60 percent or more of the 
cohort as important but difficult to perform. Table 2
reports the most commonly reported activity limitations.

DISCUSSION

The goal of this descriptive study was to identify 
important but problematic tasks commonly reported 
by individuals with partial hand limb loss or deficiency. 
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Figure 1.
Example Flinn Performance Screening Tool items: (a) cut meat, (b) open/close jar, (c) perform minor repairs, and (d) hold hands.

Systematic administration of one client-centered mea-
sure, the FPST, was done before prosthetic fitting to tar-
get priority tasks. Sixty percent or more of the cohort 
reported 10 common activities that were important and 
difficult to perform. In addition, a personalized goal 
profile for each participant was developed that included 
as many as 62 tasks. Utilizing this kind of data fosters a 
client-centered approach to prosthesis delivery for per-
sons with partial hand limb loss or deficiency. This is a 
new and in-depth way to consider a user’s functional goals 
before prosthetic fitting, which ensures that the design and 
operation of the prosthesis meet the unique needs of the 
user. Identifying what is meaningful to a client can influ-
ence the fitting process in four ways: (1) design of the 
prosthesis, (2) programming of the prosthesis, (3) training 
of prosthesis use, and (4) recommendation of adaptive
equipment.

Prosthetic design can be influenced by knowing the 
unique functional demands of the end user. For example, 
cutting meat was the primary goal for 93 percent of the 
participants. Each prosthesis was tested and modified as 
needed to complete this task. Modifications included 
using a notch or proximal anchor point for the knife or 
fork, changing prosthetic digit alignment, and adding 
material linings with a high coefficient of friction, as seen 
in Figure 2.

Programming the software of the i-limb digits prosthe-
sis (Touch Bionics; Hilliard, Ohio) was also influenced by 
the data collected. The software has the ability to change 
grip patterns, the grip and pinch force generated through 
vari-grip pulsing, and the sensitivity of inputs. Changing 
grip patterns was helpful in accommodating goals con-
cerning tool use, improving line of site, and customizing 
grips based on needs of the task, as seen in Figure 3. For
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Characteristic Finding

Male, n (%) 11 (73.3)

Age, Mean ± SD (range) 37 ± 11.88 (19–55)

Ethnicity, %

92.9

 7.1

Education, %

42.9

 7.1

42.9

 7.1

Marital Status, %

28.6

57.1

14.3

Hand Dominance, %

50.0

 7.1

42.9

Living Arrangement, %

21.4

7.1

71.5

Occupation, %

 7.1

14.3

71.5

 7.1

Physical Work Demands, %

 7.7

15.4

15.4

46.1

15.4

Date of Injury, %

38.5

61.5

Cause of Amputation, %

7.1

85.8

 7.1

Activity % Limitation

Cut Meat 93

Peel Vegetables 80

Trim Nails 73

Fasten Buttons 67

Serve Food 60

Tie Rubbish 60

Care for Toenails 60

Open Packages 60

Wash Glasses 60

Carry Bulky Items 60

example, increased pinch/grip force was useful in tying 
shoelaces, tying garbage bags, opening packages, and 
opening jars and in other tasks requiring extra force to pre-
vent the held object from slipping, such as those in Figure 
4. Adjusting the sensitivity of the inputs was also crucial in 
maintaining proportional control when holding delicate 
objects and for ensuring no inadvertent signals were pro-
cessed while carrying objects.

Individualized training sessions for functional train-
ing with the prosthesis were highly influenced by the pri-
orities of the user. When difficult but important bilateral 
tasks were identified, it was necessary to educate the 
patient on using the prosthesis as a “helper hand” rather 
than the dominant hand when the individual was 
involved unilaterally. In this way, the prosthesis became 
the component of the bilateral task that stabilized, held, 
and positioned objects, such as in Figure 5. Proper posi-
tioning of thumb rotation was significantly influenced by 
the goals selected by the user. Given that the thumb is 
manually rotatable, it was important the patient preposi-
tioned the thumb in the right amount of opposition before 
attempting to complete the identified tasks. Training ses-
sions were enhanced by repetitive practice of specific, 
meaningful tasks to foster habitual and correct use of the 
prosthesis. In addition, participants were more likely to 
engage in therapy and to see the benefits of using their 
prostheses when applied to their specific needs.

Only when prosthetic design, programming, and train-
ing efforts failed to overcome the users’ activity limitations 
was specific adaptive equipment recommended. For exam-
ple, trimming finger and toenails was a common activity 
limitation expressed by the participants that responded best 

Table 1.
Demographic information for persons with partial hand prosthesis
(n = 15).

Caucasian

African American

High School Graduate/General Educational 
Development

Advanced Training/Certification

Some College, No Degree

Associates Degree

Single

Married

Divorced

Right Always

Left Always

Switched Dominance

Lives Alone, Needs No Assistance

Lives Alone, Has Outside Assistance

Lives With Others

Student

Homemaker

Paid Employee

Unemployed

Sedentary (<10 lb occasionally)

Light (20 lb maximum, 10 lb frequently)

Medium (50 lb maximum, 10–25 lb frequently)

Heavy (100 lb maximum, 25–50 lb frequently)

Very Heavy (>100 lb maximum, >50 lb
frequently)

<12 mo

13 mo

Birth

Work Related

Non-Work Related

Table 2.
Common activity limitations from Flinn Performance Screening Tool 
(n = 15).
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Figure 2.
Examples of modifications for holding utensils: (a) addition of 

Dacron strap to stabilize knife, (b) strap holding fork (close up), 

and (c) addition of leather to better stabilize.

to adaptive equipment. One method of improving indepen-
dence in nail care was the application of low-temperature 
plastic to the end of clippers shown in Figure 6. This modi-
fication improved the mechanical advantage of the task and 
allowed the remaining fingers or prosthetic digits better 
control of the tool. Another commonly used piece of adap-

tive equipment was Dycem (Warwick, Rhode Island) to 
decrease the sliding of objects. Dycem was commonly
used under a plate to prevent the plate from sliding while 
the user was cutting meat.

In addition to improving the fitting process, the use 
of client-centered data can represent more accurate dis-
ability levels and realistic gains in functional outcomes. 
Since there are limited numbers of studies on prosthetic 
use, it was important to compare the functional limita-
tions identified by two standardized outcome measures in 
previous studies with the client-centered list described

Figure 3.
Examples of improved tool use based on grip patterns available.

 by 
prosthetic users in this study. The activities measured in 
these outcomes measures did not correspond well with 
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those

Figure 4.
Examples of tasks requiring additional grip force to complete: 

(a) tying shoelaces and (b) opening packages.

 identified in our study. Of the 21 activities listed on 
the 2010 version of the DASH [4], only 1 item (cutting 
meat) was reported as important and problematic by our 
participants. Similarly, of the 21 activities listed on the 
Upper-Limb Activity Measure [3], only 2 items were 
reported (cutting meat and peeling vegetables). These 
findings suggest that many VLAs are not reflected in 
standard outcome measures, especially for persons with 
partial hand amputations. Unfortunately, practitioners 
may underestimate the upper-limb disability caused by 
partial hand limb loss or deficiency if more in-depth analy-
sis of the tasks that are important to users are not identified 
in the 

Figure 5.
Examples of bilateral tasks using prosthesis as helper hand.

assessment.

Future studies are needed to understand the effect of 
personalized intervention programs on the quality of pros-
thetic devices and potential functional outcomes. Of par-
ticular interest for persons with partial hand amputations 
would be comparison studies between standard and per-
sonalized interventions on satisfaction levels, rates for 
prosthetic rejection, compensatory differences, overuse 
problems, and cost efficiency. Similar studies utilizing tar-
geted activities from the client can benefit from applying 
standardized assessment rating scales, such as the Cana-
dian Occupational Performance Measure (COPM) [14], to 
obtain change scores for importance and satisfaction of 
activity performance. The COPM is a semistructured inter-
view and relies on individuals recalling relevant tasks that 
they find difficult. The pictures in the FPST cue them to 
remember activities, like raking the yard, that they may not 
have done in several years. While the COPM was not used 
in this study, ranked items from the FPST complement the 
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Figure 6.
Example of adaptations made to tools to improve use with 

prosthesis.

COPM format and rating scales. Gain scores can be calcu-
lated to track the users’ progress in mastering the use of 
their prosthesis.

LIMITATIONS

Because the participants of the study represent a con-
venience sample, threats to internal validity are possible 
and results may not be indicative of the entire population 
under study. A small sample size (n = 15) collected from 
only one facility, regardless of the fact the subjects come 
from various parts of the country, might potentially con-
found the data collected in the study.

The small sample size of 15 participants represents 
young, Caucasian males who are educated and employed. 
The majority of the participants had unilateral limb loss 
or deficiency, were seen more than 13 mo postinjury, and 
most frequently lived with others. These demographic 
characteristics may influence the type and number of 
activity limitations reported by the population of persons 
with partial hand amputation.

The FPST was administered by trained occupational 
therapy students and has adequate psychometric proper-
ties. However, the use of self-reported data as the only 
measure of functional limitations might pose additional 
threats to internal validity.

CONCLUSIONS

Individuals with partial hand limb loss or deficiency 
report an average of 18 important and problematic tasks, 
with a range of 0–62. While some tasks were consistently 
reported by a majority of clients, there was also large 
variability among other priority tasks. This study sug-
gests the need to identify and personalize the care of indi-
viduals with partial hand amputations for improved 
prosthetic fabrication and functional outcomes. The abil-
ity to address priority tasks in the design and program-
ming of and training with a partial hand prosthesis shows 
promise when personalized goals are obtained.
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