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Abstract
Objective
To report normative outcome data of prosthetic hand function in below elbow amputees using

four different objective measurements closely related to activities of daily living (ADL).

Design

Seventeen patients who underwent prosthetic fitting after unilateral below-elbow amputation
were enrolled in this study. Global upper extremity function was evaluated using the Action
Research Arm Test (ARAT), Southampton Hand Assessment Procedure (SHAP), the
Clothespin-Relocation Test (CPRT) and the Box and Block Test (BBT), which monitor hand

and extremity function.

Results
The patients achieved a mean ARAT score of 35.06 + 4.42 of 57. The average SHAP score
was 65.12 + 13.95 points. The mean time for the CPRT was 22.57 + 7.50 seconds and the

mean score in the BBT was 20.90 + 5.74.

Conclusions

In the current economic situation of health care systems, demonstrating the effectiveness and
necessity of rehabilitation interventions is of major importance. This study reports outcome
data of below-elbow amputees and provides a useful guide for expected prosthetic user

performance.

Key words

Upper limb, amputation, prosthetic rehabilitation, outcome measurement
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Introduction

The advancement of multifunctional hand prostheses, novelties in prosthetic control strategies
and new surgical techniques have drawn much attention to the evaluation of functional
outcomes among upper limb prostheses users." Outcome measurements include survey or
questionnaire based evaluations as well as rated or timed assessments quantifying satisfaction
with the device, pain, prosthesis use or effectiveness of prosthetic training.* However, the
literature is lacking standard outcome data of below-elbow amputees gathered with objective,
timed and non-rater dependent outcome measurements scoring prosthetic hand function

closely related to activities of daily living.

Over the last decades, a great variety of hand function measurements have been established to
evaluate the functional outcome or manual dexterity after hand surgical therapies or prosthetic
rehabilitation.>*°*? Still, defining success of prosthetic rehabilitation in upper limb amputees
remains a difficult task, especially as compared to lower limb amputees, where functional gait

analysis is mostly accepted as the main outcome measure.*?

The use of validated objective outcome measurements is important, as the conclusions drawn
from this functional outcome data may influence future prosthetic service, health care policy
and prescribing of prosthetic devices in upper limb amputees.*** The emphasis on outcome
measurements across prosthetic rehabilitation of the last years shows that standardized
outcomes are essential for the development and maintenance of an effective health care

system.™

The growing number of outcome measures for prosthetic users increases the difficulty for the

clinician to choose the most suitable evaluation tools. Objective functional tests closely

related to activities of daily living are the minority. At our institution we use four different
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objective and timed functional measurements to evaluate gross and fine manual dexterity of
upper limb amputees using prosthetic devices. The Southampton Hand Assessment Procedure
(SHAP) represents an objective outcome measure where most tasks are related to activities of
daily living. Additionally, the Box and Blocks Test (BBT) as well as the Clothespin-
Relocation Test (CPRT) were performed to evaluate repeatability and dexterity in detail,

whereas the Action Research Arm Test (ARAT) gives an insight into full arm motion.

One of the measures recommended by experts in the field and widely used in specialist upper
limb clinics is the Assessment of Capacity for Myoelectric Control (ACMC).? Although the
ACMC represents a validated assessment tool specifically designed for upper limb amputees
using myoelectric devices, it can be considered as subjective as it depends on an observers’
rating.'® Additionally the observers need extensive training to use this measure and rate
accordingly.” This is also true for the Activities Measure for Upper Limb Amputees
(AMULA).'® Therefore these tests were not included in the outcome measures reported here,

although they provide important information about real-world functional capabilities.

Here we present normative functional outcome data of seventeen unilateral below-elbow
amputees using four different objective and timed assessment tools. The need for such
standard norm data gathered by objective outcome measures has been highlighted by experts

in this field.*>*°

Material and methods
Patients

Seventeen patients who underwent prosthetic fitting after unilateral below-elbow amputation
were enrolled in this observational study to evaluate the functional outcome of prosthetic

rehabilitation. All patients were enrolled from the special outpatient hand clinic. All patients

5
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gave written informed consent to take part in this study, which was reviewed and approved by
the local Institutional Review Board. Patients were eligible if they were at least 18 years old,
suffered a unilateral below elbow amputation and used their latest fitted myoelectric
prosthesis for at least one year. Patients were excluded if they had significant uncorrectable

visual deficits, major communication or neurocognitive deficits.

Outcome measurements

Global upper extremity function was evaluated using the Action Research Arm Test
(ARAT)?, Southampton Hand Assessment Procedure (SHAP)?!, the Clothespin-Relocation
Test (CPRT)' and the Box and Block Test (BBT)?. Additionally, patients were asked about

their average wearing time of the prosthetic device per day.

The ARAT is an observational test used to determine upper limb motor function and has been
validated for use with patients with cognitive impairment of hand control.?® It consists of 4
sections with different tasks and a maximum of 57 points attainable.”” The ARAT was

performed according to the standardized approach from Yozbatrian et al.?

The SHAP is a clinically validated hand function test and was developed to assess the
effectiveness of upper limb prostheses.? It is made up of 6 abstract objects (both heavy and
light variations) and 14 Activities of Daily Living (ADL) with each task timed by the

participant themselves. Normal hand function is regarded as 100 points in the SHAP."

The CPRT is an adapted clinical test from the Royal Graded Pinch Exerciser ** that involved
transferring four clothespins of various strengths from a horizontal bar to a vertical one. This
test is particularly useful to assess rotation, flexion and extension movements at the wrist. The

mean time of three repetitions is calculated.
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The BBT is suggested as a measure of gross manual dexterity.?? It is made up of a wooden
box divided into two compartments, one filled with 100 blocks. The BBT score is equal to the
number of cubes transferred from one compartment to another in one minute.?> Again, the

mean of three repetitions is calculated.

All outcome measures (ARAT, BBT, CPRT, SHAP) were assessed by the same experienced
physical therapist for all subjects. The different outcomes measures were performed within
one visit. Assessment started with the SHAP and was continued with the other measures after
a break of 15-30 minutes. In case of fatigue the patients had the opportunity to take a break at

any time during the entire assessments.

Statistical methods

All outcome assessments used categorical variables. A two-tailed Mann-Whitney-U-test as
well as Pearson correlation test were used for the analysis, with an alpha level of 0.05. In
regards to the Mann-Whitney-U-test, patients were grouped in amputees with dominant or
non-dominant hand loss. The null hypothesis for each test was that the mean of the population
from which the samples were taken, was the same for both groups. Equality of variances was
not assumed. A correction for multiple comparisons was not performed, as the main goal is to

present norm data and the sample size limits statistical interpretation.

Results

Patient demographics

Patient demographics are documented in Table I. The mean patient age at the time of
amputation was 26.12 + 11.20 years. One female and sixteen male patients were included.
These patients sustained unilateral amputation of the hand at below-elbow level due to work

related traumatic injuries (n=15), tumor related amputation (n=1) and congenital hand
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agenesis (n=1). Twelve patients sustained amputation of their dominant hand, and five of the
non-dominant hand. At the time of functional assessment patients had an experience using

two-signal myoelectric control between one and 16 (mean 6.76) years.

Patients used their existing devices and sockets for the assessments. They were fitted with
commercially available prosthesis from Otto Bock HealthCare Products GmbH, Germany
(SensorHand Speed (n=8), Michelangelo Hand (n=5), Transcarpal Hand DMC Plus (n=3)) or
Bebionic hand from Steeper Manufacturing Centre, Leeds, United Kingdom (n=1). All
patients used two-signal direct myoelectric control. Some patients (n=4) also used other types
of myoelectric devices for specific tasks on an irregular basis at home. None of them used

body-powered devices.

Assessment procedure

All patients were able to complete the four outcome measurements at one visit. The SHAP
was performed first and took between 25 and 60 minutes. After the mandatory break
following the SHAP, the majority of the patients did not ask for an additional pause. None of
the patients reported fatigue during the different assessments. None of the other tests required

more than 15 minutes of time.

Functional outcome

All functional outcomes are documented in Table Il. The investigated patients achieved a
mean ARAT score of 35.06 + 4.42 out of 57. The mean blocks moved in the BBT was 20.90
+ 5.74, and the mean time for fulfilling the CPRT was 22.57 + 7.50 seconds. The average
SHAP score was 65.12 + 13.95 points. The patients use their prosthesis for an average of

11.88 £ 2.47 hours per day.
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There were no significant differences in ARAT (p=0.790), BBT (p=0.170), CPRT (p=0.673)
or SHAP (p=0.958) between patients with dominant or non-dominant hand loss. Additionally,
there were no significant correlations between prosthetic experience and ARAT (p=0.546),
BBT (p=0.387), CPRT (p=0.459) or SHAP (p=0.527), or mean daily wearing time of the
prosthetic device (p=0.810). There were no significant correlations between the daily wearing
time or age of the patient (at investigation and at amputation) and all objective outcome
measurements. However, there was a significant correlation between the age of the patient at
investigation and the daily wearing time (p=0.037) showing younger patients wearing their
prosthetic device longer. Additionally, there was a significant correlation between the SHAP
scores and the CPRT (p=0.002), the BBT (p=0.002) and the ARAT (p=0.000) confirming the
validity of the SHAP test. Still, even the simple BBT correlates mostly significant with the
SHAP (p=0.002), the CPRT (p=0.004) and the ARAT (p=0.011) documenting the high
predictability of this outcome measure. The correlation between CPRT and ARAT was not
significant (p=0.060). Additionally, there were no significant differences in ARAT (p=0.243),
BBT (p=0.486), CPRT (p=0.758) or SHAP (p=0.142) between patients using SensorHand
Speed (n=8) or Michelangelo Hand (n=5), which were the most commonly used prosthetic

devices within this study.

Discussion

This study reports outcome data of below-elbow amputees with well-known functional
assessment tools. Objective outcome measurements in upper limb prosthetic users are
essential to evaluate the effectiveness of different prosthetic devices, the impact of new
surgical techniques and the patients’ capabilities.***® The International Society for Prosthetics
and Orthotics (ISPO) has recently established a working group on upper limb outcome
measures.** This fact clearly shows the need for a meaningful systematic functional

evaluation of upper limb amputees, as well as reporting standard outcome data. High costs for
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myoelectric devices have to be justified in health care systems and functional benefits should
be quantifiable and compared to a norm sample.** As stated by Bouwsema et al., time
represents a key parameter in prosthesis use.'? Therefore objective and timed tests for the
assessment of upper limb prosthetic function were used. The presented outcomes of seventeen
below-elbow amputees should serve as norm data set, which can be useful for setting realistic

goals for rehabilitation.

The SHAP was designed to determine the effectiveness of terminal prosthetic devices as well
as the users’ ability to control it by focusing on unilateral performance.® It is also
recommended by the Upper Limb Prosthetic Outcome Measures group and has shown to be a
good measure of prosthetic user’s skill level.'®** While the patient is instructed on the
different tasks by an evaluator, he/she times each task himself and the need for subjective
opinion of an assessor is eliminated.® As such, this evaluation tool can be used easily for
outcome measurements among different groups to establish normative scores of a large cohort
of upper limb amputees.”® Additionally, the SHAP takes only about 30-40 minutes in
experienced prosthetic users and is a self-contained portable unit, therefore appropriate for
clinical use. Moreover, this data set has shown strong significant correlation of the SHAP
scores with the other outcome measures, indicating good predictability of this test. However,
due to the multiple restrictions within the test protocol, similarity to real activities of daily
living can be discussed and a measure of quality of movement is not provided. Therefore the
SHAP can be considered as good test to evaluate prosthetic function, while other tests
(ACMC, AMULA) might be more useful to evaluate the International Classification of
Function (ICF) domain of activity. These rated tests provide functional data including quality
of movement outside of a highly controlled, artificial setup. Future outcome research may
include a larger cohort and investigate if assessments for function activity and participation

correlate. (ACMC, AMULA, DASH)
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The ARAT is similar to the SHAP as evaluating hand function by simulating daily life
activities, however, compared to the SHAP evaluates also elbow and shoulder function
particularly. The ARAT is also frequently used to evaluate and monitor function of
transplanted hands.”>%" Especially with multifunctional prosthetic devices it is important to
involve different sequential functions in one task. Therefore, CPRT and BBT were chosen to
monitor improvements in control strategies especially; they are widely used in the clinical

setting and thus are familiar to hand therapy clinicians.

Although the SHAP includes some tasks requiring bimanual activities, the importance of
bimanual dexterity, especially in unilateral amputations, is still underestimated. As the ARAT
was originally not designed to evaluate prosthetic hand function, time limits for maximum

scores as proposed by Yozbatrian et al %

are only reached by the most skilled prosthetic users,
and therefore cause a floor effect. This can be seen by the small standard deviation of 4.42
points in the ARAT scores within the presented cohort. Still, the ARAT scores strongly
correlate with the SHAP (p<0.001), the CPRT (p=0.060) and the BBT (p=0.011) supporting
the use also in the assessment of prosthetic hand function. As performing all four assessments
takes a considerable amount of time and the single tests show high correlations within this
study, it does not seem to be necessary to perform multiple tests for outcome evaluation.

Although fatigue was not reported by the patients included in this study, this still might be an

issue using multiple timed outcome measures.

Although different prosthetic devices were used within this study, no significant differences
between the outcomes measurements and the terminal devices could be seen. All patients used
a two-signal direct control and the devices had the same basic functions. It was not the goal to
distinguish between functional capacity of the different prosthetic devices, as the patient

number was too low.
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In most studies, the length of daily prosthetic use indicates the success of amputee
rehabilitation."® However, different surveys have shown, that some patients do wear their
myoelectric device only as a cosmetic prosthesis.>” Kejlaa % proposed that wearing the
prosthesis for more than eight hours is an indication for success, less than eight hours only a
partial success.®® As shown in this study, younger patients seem to wear their prosthetic
device longer, albeit the sample size of seventeen patients limits statistical interpretation.
Additionally, no significant correlation could be seen between the prosthetic wearing time and
functional outcome scores. Although high functionality of the device and likewise high scores
in functional evaluation do not predict the actual use in daily life, objective outcome
measurements are important to monitor hand function over time as well as depict
achievements of new technologies. Thus, overall success of prosthetic rehabilitation should be
based on a combination of objective function, rated performance in daily-life activities,
wearing time, patient satisfaction and participation.*® As concluded by different working
groups, this will not be possible with one single standard measure, but with a combination of
assessment tools evaluating function and activities as well as questionnaires for reporting

participation and quality of life.

Conclusion

In the current economical situation of health care systems, demonstrating the effectiveness
and necessity of rehabilitation interventions is of major importance. Here we report normative
outcome data of below-elbow amputees with standard myoelectric devices using validated
standardized objective measurement tools. This data set should help therapeutic teams as well
as the prosthetic service providers to gauge rehabilitative success or failure of their prosthetic

care.
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Tables

Table I: Patients demographics

Table 1I: Function outcomes (Action Research Arm Test (ARAT); Southampton Hand
Assessment Procedure (SHAP); Clothespin Relocation Test (CPRT); Box and Blocks Test

(BBT)
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Mean
SD

Sex Age
39
24
50
33
32
21
28
26
37
47
28
28
44
56
37
31
44

35.59

9.89
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Age at Side of
amputation amputation

28 right
21 right
45 right
24 left
30 left
0 right
25 right
25 right
20 right
45 left
22 left
12 right
27 right
20 left
33 left
26 right
41 right

26.12

11.20

18

Dominant

side prior to experience

amputation

right
right
right
left
right
left
right
right
right
right
right
right
right
right
left
right
right

Prosthetic

in years
10
2.5
2.5
8
2.5
10
3
1
16
15
6
15
1
25
35
4.5
3
6.76
6.62

History

Traumatic
Traumatic
Traumatic
Traumatic
Traumatic
Congenital
Traumatic
Traumatic
Traumatic
Traumatic
Traumatic
Tumor

Traumatic
Traumatic
Traumatic
Traumatic
Traumatic



Wearing

Patients ARAT BBT CPRT SHAP time in
hours
1 44 26.33 15.10 85 12
2 36 27.00 17.47 83 11
3 35 21.00 20.61 69 7
4 36 24.00 14.54 72 13,5
5 36 28.00 19.55 70 13
6 35 17.00 21.74 72 12
7 38 13.33 35.87 60 12
8 32 15.00 30.94 59 18
9 30 21.00 26.75 46 13,5
10 32 15.00 19.28 53 9
11 42 31.00 17.58 83 14
12 30 14.67 22.32 53 9
13 29 13.67 42.76 37 10
14 32 26.33 20.90 55 11
15 35 22.00 19.32 75 13
16 42 24.00 18.96 78 13
17 32 16.00 20.01 57 11
Mean 35.06 20.90 22.57 65.12 11.88
SD 4.42 5.74 7.50 13.95 2.47
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