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Is body powered operation of upper limb prostheses feasible for
young limb deficient children?
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Abstract

The investigators measured efficiencies of
body powered prehensors and cable control
components of prostheses available for young
children. Results indicated that the cable controf
systems and hook 1type prehensors have
moderate to high efficiencies, but children’s
body powered hands have very low cfficiencies.
Measures of arm and shoulder strength of 3-5
year-old limb deficient children, both on the
limb deficient and sound sides, were less than
that reported in the literature for normal
children. The findings were examined in
relation to children’s strength available
compared with prosthesis strength requirements.
The comparison demonstrates a way Lo establish
measurable efficiency targets for new prehensor
designs.

The article includes detailed findings on
children’s strength, and findings on efficiencies
of the prehensors and cable conirol systems of
children’s upper limb prostheses. Sample
calculations may be useful to future designers
of bady powered prehensors for young children.
A more efficient body powered hand is
especially needed. Preliminary calculations
indicate that the use of currently available
children’s voluntary opening (VO), body
powered hands is not feasible, given the low
strength of young limb deficient children and
the low efficiencies of the VO hands. The use of
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voluntary closing (VC) hands may be feasible
but remains to be tested.

Introduction

Young children wearing body powered
prchensors have difficulty gaining a firm grip
on objects. Voluntary opening (VO) prehensors
would give good grip if children were strong
enough to overcome the resistance of strong
rubber bands or springs. Voluntary closing
{VC) prehensors would give good grip if
children could sustain a strong muscle
contraction over an exlended period of time 1o
hold the terminal device closed. Clinicians find
that children can operate body powered
prehensors well enough to get a good grip by
the time thcy start kindergarten, but the infant
and pre-school period is often frustrating for
children because objects slip from the
prehensors.

Researchers and clinicians have addressed
the problem of poor grip force in several ways.
One solution has been to develop body powered
prehensors with features to enhance grip or
reduce effort, such as CAPP I and Adept F.
These prebensors lessen the problem of poor
grip, but many parents object to the appearance
of a prehensor that does not resemble a hand.
Another solution has been to fit young children
with externally powered, myoelectrically
controlled hands. These prehensors give very
firm grip, but they are costlier, heavier and
require more care and access to repair than body
powered prehensors. Also, the geometry of the

'CAPP Terminal Dcvice, Size 1 is available from
Hosmer-Dorrance Corp,, 561 Divisian Street, PO Box
37, Campbell, CA 95008, USA. Adept prehensors are
available from TRS, 1280-28th Sueet, Suite 3, Bouldcr,
CO 80303-1797, USA.
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Age and sex
Age (years) 30 35 40 45 50 55
Girls (N=17) 0 3 3 6 2 3
Boys (N=20) 5 3 3 2 2 5
Trans-radial limb deficiency
Left 23 Short trans-radial 26
Right 14 Long trans-radial 11
Ethnic origin Present prehensor
Anglo 21 CAPP terminal device 19
Asian 0 Dorrance hook 1
Black 2 Mechanical hand 7
Hispanic 14  Myoelectric hand 3
No prosthesis 3
Shoulder flexion Shoulder abduction Shoulder girdle elevation | Shoulder girdle protraction
LDside | Soundside | LDside | Soundside | LDside | Soundside | LDside | Sound side
Age | Boys | Girls | Boys | Girls | Boys | Girls | Boys | Girls | Boys | Girls | Boys | Girls | Boys | Girls | Bays | Girls
3.0 3.0 - 3.2 - 20 - 29 - 4.4 - 4.0 - 39 - 3.7 -
35 38 (26| 40 |29 | 28 [ 24 | 31 | 3.1 |42 | 46 | 40 | 39 | 40 | 27 | 3.7 | 35
4.0 39 | 34 | 45 | 4.1 36 | 27 | 39| 28 | 53 | 44 | 5.1 46 (43 | 33 | 4.7 | 3.1
4.5 41129 60 (33|39 |29 |46 |32 |57 62| 67|49 |44 |42 | 48 | 42
5.0 54 34| 58 |36 |54 )33 |48 32| 63 | 6.1 il 50 | 51 43 | 58 | 3.0
55 49 | 39| 50 [ 40 | 48 | 47 | 52 | 44 | 85 | 68 | 87 | 59 | 69 | 47 | 6.1 | 5.0

Strength is in kilograms of force, Age is in years.




Shoulder flexion Shoulder abduction Shoulder girdle elevation | Shoulder girdle protraction
LD side Sound side LD side Sound side LD side Sound side LD side Sound side
Age | Boys | Girls | Boys | Girls | Boys | Girls | Boys | Girls | Boys [ Girls | Boys | Girls | Boys | Girls | Boys | Gitls
3.0 | 3.1 - 35 - 2.8 - 3.0 - 49 - 48 - 4.1 - 39 -
35 | 41 | 29| 44 | 39 | 3.1 | 3.1 | 35|34 | 50|50 46| 41 |45 |32 |42 |38
40 | 46 | 41 | 51 | 42 | 39 | 28 | 42 | 3.1 | 59 | 48 | 56 | 54 | 48 | 35 | 33 | 33
45 | 42 | 33 | 63 | 38 |43 | 32 | 52| 36 | 64| 66| 80|55 |46 |45 |32 |46
5.0 62| 36| 68 |40 [ 58 [ 35|52 |36 | 75|67 |79 (65|57 |47 | 68 |34
55 53 )| 40| 56 | 46 | 52 | 51 5852|9974 [105]| 68 | 7.8 57 | 65 5.6
Suength is in kilograms of force, Age is in years,
Stronger Average
Motion side difference
Shoulder flexion Sound side 0.5 kg or 10%
Shoulder abduction | Sound side 0.4 kg or 10%
Shoulder (girdle) Limb deficient
elevation side** 0.6 kgor 12%
Shoulder Limb deficient
protraction side 0.5 kg or 12%
* Findings reflect trends among a majority of the 37 limb
deficient children in the study.
**Four and five year old boys were stronger on the
sound side in shoulder (girdle) elevation,
Average | Difference Range of Differences
Motion Side kg Percent kg Percent
Shoulder flexion Limb deficient side 0.3 10.3 0.1100.38 302l
Shoulder flexion Sound side 0.6 I3.6 0210 1.0 2t034
Shoulder abduction Limb deficient side 0.3 9.7 G1t00.7 41029
Shoulder abduction Sound side 0.4 F1.0 0.1t 0.8 3to 18
Shoulder girdle elevation Limb deficient side 0.8 12.0 G414 910 19
Shoulder girdle elevation Sound side 0.9 16.0 021018 51030
Shoulder protraction Limb deficient side 0.5 11.0 02t 10 51021
Shoulder protraction Sound side 0.5 103 0210 1.0 S5t 17




Sound side Limb deficient side
sth | 25th | soth [ 75th | 95th | | st [ 25t [ som 75t 95h
Shoulder tlexion

Strength in kg
22 3.1 35 4.0 532 3 years 22 2.6 2.6 29 4.4
2.6 3 4.4 5.0 6.8 4 years 23 2.1 3.1 35 4.7
2.6 3.5 4.6 5.6 6.2 5 years 2.5 4.0 4.4 55 6.7

Shoulder abduction

Strength in kg
2.1 25 3.0 3.2 3.6 3 years 1.7 22 29 4.4
25 2.8 32 4.1 5.0 4 years 1.8 2 3.1 3.5 47
22 4.1 45 5.0 6.4 $ years 2.6 4.0 4.4 55 6.7

Shoulder girdle elevation

Strength in kg
26 26 4.1 4.5 5.2 3 years 2.8 35 4.8 3. 6.3
35 4.6 5.2 54 6.9 4 years 3.6 4.1 53 6.6 10.5
37 6.3 6.6 8.0 1.4 5 years 38 6.3 6.8 8.3 12.0

Shoulder protraction

Strength in kg
2.0 2.6 3.9 4.2 5.6 3 years 2.1 3.1 38 4.0 4.4
24 313 4.1 5.1 5.7 4 years 25 33 4.1 4.7 6.2
24 5.0 535 6.0 7.1 S years 32 4.7 5.1 6.1 8.4

On average, boys” strength was 16% greater and girls” strength was 11% less than percentiles shown.

Force available (kg)

Shoulder Shoulder Shoulder girdle Shoulder girdle
Age flexion abduction elevation protraction
3 years 3 2/2t03 404/ 2104
4 years 3to4 304 4'/2 to 6'2 3210 42
5 years 3'/2t0 5'2 3to 5'h 6to 8y 4t07

Ranges based on mean of three maximum contractions on limb deficient side.




Prehensor Work efficiency*
CAPP I (regular spring) 68%
Hosmer 10X hook (two bands) 82%
Steeper 2.0 hand 25%
NYU child size hand 27%
Adept F III =

* Work efficiency is the ratio in percentage of the work
output of each prehensor divided by the work input
required for operation. In this case, work efficiency
rather than force efficiency is used to take into account
the effect of varying cable excursion.

*#* The Adept is a voluntary closing (VC) prehensor and
work efficiency cannot be compared in the same way as
for the four voluntary opening (VO) prehensors.
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Prehension force/
Prehensor maximum force
CAPP | (regular spring) 26%
Hosmer 10X (two bands) 46%
Steeper 2.0 hand 12%
NYU child’s hand 10%
Adept 50%*

* Assuming a 95% VC prehensor efficiency.

Preh Force/ | Max Force Available |Calculated Preh Force| Desired Preh Force Calculated PF/
Prehensor Max Force (kg) (kg) (kg) Desired PF Percentage
Percentage* | 3yrs 4vrs Syrs | 3vrs 4yrs Svrs | 3yrs 4yrs Syrs | 3yrs 4yrs 5yrs
CAPP | (reg spring) 26% 31 38 50| 08 1.0 1.3 1.8 18 18 |45% 54% T2%

Hosmer 10X (2 bds) 46% 3.1 38 50 1.4 1.7 23 1.8 1.8 1.8 | 80% 95% 128%
Steeper 2.0 VO 12% 31 38 50|04 05 06|18 18 18 |[21% 25% 33%
NYU Hand 10% 31 38 50|03 04 05 1.8 18 18 |17% 21% 28%
Adept 50% 31 38 50|16 19 25| 18 18 18 |87% 104% 139%

*Maximum force available is calculated from the average of shoulder flexion and shoulder protraction as listed in
Table 7. These are the two body control motions usually used for figure of 8 hamesses.
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children in the two sub-groups, but finding
suggest that further investigation may be
worthwhile.

{2) Can young children be helped to increase
arm and shoulder strength so they will be better
ablec to get good grip with available body
powered prehensors? The home supervised
activity programme conducted in conjunction
wiih this study did not increase strength enough
to improve grip with prehensors, but studies
using other interventions might be more
successful for increasing strength.

(3) Shoulder flexion is a relatively weak
motion. Can ways be found to hamess alternate
motions with greater strength to serve as power
sources for prosthesis operation? Possibly, an
entirely different harness design could be
created to use shoulder (girdle) elevation alone
or in combination with other motion(s).
Although the standard system works well for
adults, the difficulty children have in using
shoulder flexion for prosthesis operation
suggests that a new look at ways to harness
sourccs of greater strength may be highly
beneticial for them.

(4) Can the data from this study be used to
estimate strength of two year old iimb deflicient
children even though their strength cannot
directly be measured? Since two year olds have
the greatest difficulty getling good grip with
body powered prehensors, knowing their
strength is important in establishing design
criteria for a new body powered prehensor. If it
is assumed that strength at age two is related to
strength at a later age, and that no strength spurt
occurs between age two and age three, the
strength of two year olds may be roughly
estimated through graphic analysis of percentile
data presented in Table 6. This analysis
suggests that two year olds at the 50th
percentile for strength have the following forces
available: shoulder flexion = 2.8 kg, shoulder
abduction = |.4 kg, shoulder (girdle) elevation
= 4.0 kg, and shoulder protraction = 3.8 kg.
Another important factor to censider besides
strength of two year olds is that lower
development  levels of coordination  and
cognition may lessen their ability to use their
available strength effectively.

(5) How much grip sirength docs a child’s
prehensor have to provide? Studies on strength
of normal children’s hands show that three year
olds have full hand grip strength up to 4.3 kg

(Brown, 1973), but studies of grip force needs
in children’s prehensors suggest that as little as
1.8 kg is sufficient for most activities performed
by three year olds (Gottlieb, 1954). Grip may be
enhanced by factors such as friction, resilience
of grasping surfaces (such as soft tissues of
human hands), and prehensor geometry (such as
opening span, depth and shape of grasping
area). These factors are important to the extent
that they may offset the need for high grip
force. Children with myoelectric hands appear
to use the strong gnp force these prehensors
provide to compensate for deficiencies in
prehensor  geometry.  The  myoelectric
experience has pot  demonstrated  that
prehensors must provide very high amounts of
grip force in order to hold objects securely.

Conclusions

Although clinicians treating young children
with unilateral trans-radial and trans-humeral
deficiencies have accepled the concept of early
prosthetic fitting, the body powered prehensors
available for these children provide poor grip
force. New voluntary opening (VO) prehensors,
such as CAPP I and voluntary closing (VC)
prehensors such as the Adept have been
developed to try to improve prehensile function.
Today’s body powered hands require high
operating forces and do not give young children
good grip. The enthusiasm for myoelectric
hands has been partly due to the need for
improved grip, and also for cosmesis.

The purpose of this study was to analyze
inefficiencies in body powered prostheses for
young children, and to learn whether problems
in children’s strength prevent them from
obtaining maximum function from prostheses,
Studies have shown:

(1) Conventional trans-radial systems are
relatively efficient, except for body powered
hands. The usc of today’s voluntary opening
hands does mot appear feasible for young, limb
deficient children. VC hands are inherently
more cfficient, and may be feasible, but this
supposition needs to be tested. The major target
for improvement is mechanical hands and their
cosmetic gloves.

{2) Child amputecs have less strength in the
limb deficient arm than pormal children,
thereby making operation a bigger challenge.
These findings indicate a need to consider ways
of designing a body powered prehensor with







