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CHAPTER 1
PROSTHETIC AND ORTHOTIC CLINIC PROCEDURES

The prosthetic-orthotic clinic may be viewed as a means of communication

between interrelated medical and ancillary specialists. It 1Is essentially a

method of organizing the patient management activities of a number of people
| and serves to provide necessary contact between various specialists involved
in prosthetic-orthotic rehabilitation--these basic teams consisting of the
physician or surgeon, acting as "clinic chief;" the physical and/or occupa-
tional therapist; and the prosthetist-orthotist.

Other personnel may be required, according to the special needs of the
situation. In various clinics, the additional serwices of the rehabilitation
counselor and social service case worker have proven to be important. The
rehabilitation counselor is frequently able to provide useful information
concerning the patient and to relate prosthetic and orthotic matters to plans
for vocational rehabilitation. The counselor can also provide the very
desirable liaison between the clinic and the governmental or private agen&y
which has referred the patient. The social service case worker can often
assist in explaining the physical restoration program to the patient and his
family, which is helpful in developing their cooperation. The case worker
also provides the necessary liaison between any social services agency involved
and the clinic. Ideally, both these individuals should have had some specialized
training in prosthetics and orthotics.

Since in the overwhelming number of cases, the prosthesis or orthosis wearers
will require other medical treatment, it is mandatory to have medical specialists,

such as dermatologists, pediatricians, or internists available.

Goals and Purposes of the Clinic

The major purposes and goals to be achieved by the prosthetic-orthotic
clinic are;

1. Coordinated Pattern of Treatment

In order to provide amputees and orthosis wearers with the best medical and
prosthetic-orthotic service, the contribution of each of the ébecialists should
be made in coordination and conjunction with that of the others. It is becoming
more infrequent, but certainly not unheard of, for a prosthetist-orthotist or
a physician to plan a prosthetic~orthotic management program without acting
in concert with the others.
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When an individual is receiving treatment from more than one specialist,
and the anxieties of the situation provoke some degree of discontent, there
is a noticeable tendency for some patients to distort the intentions and
contributions of each profession in relation to the others. This is aggra-
vated when the patient functions as a means of communication between the
professionals concerned. Since there is always a certain degree of conscious
and subconscious distortion of the patient's perceptions of the treatment
processes, he should not be afforded the opportunity to complicate the process
of communication among the various professionals concerned.

On another note, we may anticipate that the behavior and demeanor of the
patient will differ when he is with the prosthetist or orthotist, as contrasted
vith the physician or therapist. These differences in overt behavior patterns
may easily and logically suggest different patterns of treatment to each of the
professions. It should be realized, though, that this varying behavior on
the part of the patient may be transitory and that the best treatment lies in
& uniform plan rather than in a number of discrete ones.

It is clear that prosthetic-orthotic clinic procedures permit a more
uniform evaluation of the patient and assist in circumventing some of the
problems inherent in uncoordinated care,

2. Staff and Patient Education

It {s true in prosthetics and orthotics, as in other medical situations,
that there are no standard procedures which apply with equal effectiveness
to every patient., Moreover, prosthetics and orthotics are fields in which
the contributions of each of the specialists may only be partially under-
stood by the others, Consequently, there is an Important need for an inter-

change of ideas and a distillation of the best thinkin

g through group
discussion. 1n this sense

» then, an important goal of the clinic is the
mutual education of the treatment team members.

One aspect of this educational process is that the clinic serves as
a vehicle which permits a limited selected group of physicians and surgeons
to specialize and become €Xperts in the prosthetic and orthotic fields,



There is not, ordinarily, a sufficient caseload to keep very many physicians
expertly conversant with prosthetic-orthotic matters. However, there are
assuredly sufficient cases to permit a small group of physicians and surgeons
in each community to see appreciable numbers of these types of patients in
the clinic situation. This fact encourages the establishment of groups with
sufficient experience and education to make them competent both to prescribe

and checkout prosthetic-orthotic devices. Clearly this is a desirable goal
since, not infrequently, physicians who lack the necessary technical informa-

tion and background to come to sound professional conclusions are callea upon
to pass judgment concerning prostheses'and orthoses.

The role that the clinic must play in the education of the patient, his
family, or both is equally important. Most patients and their families,
arriving for prosthetic-orthotic care, are subject to wide and varied mis-
understandings and nisinterpretations as to the ultimate use and value of
a prosthesis or orthosis. Consequently, clinic personnel must orient the patient
concerning his goals and anticipations, as well as to provide him with the

best assistive device available.

Professional Status of the Prosthetist-Orthotist

It is probably true that a major factor in attaining patient satisfaction
with the prosthetic-orthotic service he receives is related to the personal
attitudes and evaluations of the patient regarding the prosthetist-orthotist.
There are two considerations which may prompt a less-than-satisfactory attitude:
the lack of status of the prosthetist-orthotist as a part of an organized
professional medical service; and the lack of training and experience of pros-
thetists-orthotists in the proper handling of psychological, interpersonal
aspects of theilr vocation.

In the last analysis, the patient needs to adjust himself to and accept
the product fabricated by the prosthetist-orthotist, and there is substantial
evidence that the patient's attitudes toward a prosthesis or orthosis 1is
closely related to his attitudes toward the prosthetist-orthotist, It seems
reasonable, therefore, that whatever can be done to improve the attitude of
the patient toward the prosthetist-orthotist will have a significant, positive

bearing on the results of the treatment.
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Although the ultimate solution of this problem involves long-range
sociological and educational considerations, the prosthetic-orthotic clinic
helps on an interim basis by providing prosthetists and orthotists with the
opportunity to observe and participate in the professional medical care of
patients, This cannot help but provide the beginnings of professional status

which is sorely required.

Prosthetic-Orthotic Clinic Procedures (See Figure 1, Page 9)
A pattern of prosthetic-orthotic clinic operation has evolved which

essentially includes the following steps:
1. Pre-Prescription Examination
2, Prescription
3. Pre-Fitting Treatment
4. Prosthetic-Orthotic Fabrication
5. Initial Checkout (Evaluation)
6. Prosthetic-Orthotic Training
7. Final Checkout (Evaluation)
8., Follow-Up

1. Pre-Prescription Examination

It is recommended that the first meeting of the clinic, the so-called
prescription meeting, be preceded by an appropriate physical and psychological

examination of the patient so that pertinent information concerning the patient
is available to the clinic members beforehand.
Forms

both the

are available to summarize the essentials of this examination for
amputee and the orthosis wearer (See Medical Prosthetic Summary

Pages 10-13), Separate forms are available for various types of prostheses
and orthoses wearers. Study and analysis of this information provide a

sound basis for determining the type and nature of the care required by

the particular patient. The treatment may be medical, surgical, or
]

prosthetic-orthotic in nature, or a combination thereof



PROSTHETIC-ORTHOTIC CLINIC PROCEDURES

PRE-PRESCRIPTION EXAMINATION

PRESCRIPTION
PRE-FITTING
TREATMENT FABRICATION
INITIAL CHECKOUT
PROSTHETIC-ORTHOTIC TRAINING
FINAL CHECKOUT
RETURN TO ON-THE-JOB
OLD JOB VOCATIONAL TRAINING TRAINING

PLACEMENT

FIGURE 1



MEDICAL PROSTHETIC SUMMARY: UPPER LIMB

A. PERSONAL FACTORS

Date
- Phone
2. Home address
Phone
3. Business address . e
nctac
4, Distance from clinie Phone ce
5. Age Height Weight
6. (Circle items which apply) d
Male Female Veteran Civilian Single Marrie

7. Education (years) and field of specialization

8. Present occupation (title and description of duties)

9. Occupation prior to amputation

10. Future occupational plans

11, Hobbies and recreationatl interests

12, Amputee referred by

13. Financial arrangements

B, MEDICAL FACTORS

1. Date, cause, and site of amputation and of revisions, if any:
Amputation; Right Left

3. Before amputation, was the amputee right-handed ; left-handed
ambidextrous ?

—————

4. length of stump:

For below-elbow inches from medial e
For above-elbow i inch

Picondyle to end of bone.
es from acromion to end of bone,

inches from axilla to end of bone.
3. Arm length on sound side:

inches from medial epicondyle to ulnar
styloid,

——_1Inches from acromion to lateral epicondyle.

Amputee classification: (See Page:

13 for computation)

—

=10~



7. Indicate limitations of motion of the shoulder girdle. (Note elevation,
depression, scapular abduction, scapular adduction, etc.)

8. Strength and range of motion:

Strength Range of Motion in Degrees
For below=elbow:
a. Pronation
b. Supination
¢. Elbow flexion
For above-elbow:
a. Shoulder flexion
b. Shoulder extension
c. Shoulder abduction
d. Shoulder rotation
9, Condition of stump: (Check as many items as apply)
a. Shape: Screwdriver (for below-elbow) __ Cylindrical
Tapered Bulbous
b. Musculature: Loose and flabby Firm ___ Average

c. Other characteristics: Pain Edena Bony prominences
Probability of shrinkage

10. Special considerations: (scarring, neuromata, adhesions, presence of
foreign bodies, dermatitis, etc.)

C, PROSTHETIC FACTORS

1. Description of present prostheais:
For below-elbow: :
a. Terminal device (Type and control)

b. Wrist (Disconnect, flexion unit, or both)

¢. Socket (Material and construction)

d. Elbow hinge (Type and material)

e. Upper-arm cuff (Type and material)

f. Harness and control system (Type and materials)

g



For above-elbow and shoulder disarticulation:

a. Terminal device (Type and control)

b. Wrist (Disconnect, flexion unit, or both)

¢. Forearm (Material and construction)

d. Elbow (Type and control)

e. Socket (Material and construction)

f. Hirness and control system (Type and materials)

Present prosthesis has been worn years. Previous ones were worn a
total of years,

Upon objective evaluation, in what respects, if any, is the present
prosthesis unsatisfactory?

Rate the amputee's control of his prosthesis as "Good", "Fair", or "Poor":
8. At mouth

b. At waist
c. At floor

d. 1In general (have the amputee handle a few objects)

How often does the amputee wear his prosthesis?
a. Hook worn hours a day, days a week,

b, Hand worn hours a day, days a week,

List activities in which the prosthesis is used. If the prosthesis is not
generally worn, list activities in which the stump is used.
a, Dressing

b. Eating

¢. Working

d., Recreation

What is emputee's opinion of his present prosthesis and its components?

(Review function, appearance, desired improvements, etc.)

What benefits does the amputee think would result from wearing an improved
prosthesis or in securing a first one?

a—

Does the amputee have decided preferences or dislikes for particular pros-
thetic components? If so, explain.

S




10. Does the patient understand the approximate amount of time that will be
required to provide him with prosthetic service?

Examined by

After performing the calculations indicated below, circle the amputee type in
the following table.

CLASSTFICATION OF UPPER-EXTREMITY AMPUTEES

BEILOW-ELBOW ABOVE -ELBOW
Per Cent of Amputee Type Per Cent of Amputee Type
Forearm Remaining Humerus Remaining
0 - 3 Very Short Below-Elbow 0 - 29 Shoulder-Disarticulation
35 - 54 Short Below-Elbow 30 - 49 Short Above-Elbow
55 - 99 Long Below-Elbow 50 - 89 Standard Above-Elbow
- 100 Wrist-Disarticulation 90 - 100 Elbow-Disarticulation

CALCULATION FORMULAE FOR AMPUTEE CLASSIFICATIONS
FOR BELOW-ELBOW UNILATERAL AMPUTEES:

Stump Length x 100 per cent
Sound Forearm Length i ;

FOR ABOVE-ELBOW UNILATERAL AMPUTEES :

Stump Length x 100 - i cent
Sound Upper Arm Length —_7P '

FOR BELOW-ELBOW BILATERAL AMPUTEES:
a. Theoretical Length of Forearm = Height in inches x 0.14 = inches,

Stump lLength x 100 & ——
Theoretical Forearm Length ——P i

Stump Length x 100 = per cent.
Theoretical Forearm Length

FOR ABOVE-ELBOW BILATERAL AMPUTEES:
a. Theoretical Length of Upper Arm = Height in inches x 0.19 = inches,

Stump Length x 100 -
Theoretical Upper Arm Length —_ __ ___per cent,

Stump Length x 100 p
Theoretical Upper Arm Length ——— per cent.

FOR BELOW-ELBOW/ABOVE-ELBOW BILATERAL AMPUTEES:
a. Theoretical Forearm Length = Height in inches x 0.14 = inches.

b. For Right Stump:

c. For Left Stump:

b. For Right Stump:

¢c. For Left Stump:

Stump Length x 100 = per cent.
Theoretical Forearm Length

b. For Below-Elbow Stump:

Stump Length x 100 - | per cent,
Sound Upper Arm Length

c. For Above-Elbow Stump:

e o



2. Prescription

Ordinarily, the patient's first contact with the clinic is for the purpose
of developing an appropriate medical, surgical, or prosthetic-orthotic pre-
scription. At this point the pre-prescription examination results are evaluated,
and those aspects of the patient's condition which have an immediate bearing on
problems of prosthetic-orthotic restoration are rechecked. This is followed
by a detailed consideration of the appropriate treatment procedures for the
patient in question. If the resulting prescription calls for medical care,
the physician or the therapist, as indicated, would undertake its implementation,
If the prescription is for further surgery, the surgeon would obviously take the
necessary action. If the prescription is a prosthetic-orthotic one, the pros-
thetist-orthotist assumes the responsibility. 1In some instances, the prescrip-
tion may involve several of these considerations but, usually, prosthetic-
orthotic treatment is deferred until medical and surgical care are sufficiently
underway,

The prosthetic-orthotic prescription should correctly be a detailed
description of the device and services which a patient is to receive and should
not merely be a series of generalized instructions. This is not in any real
sense a "prescription,"” Vague instructions result in the prosthetist-orthotist
being unable to construct a definitive appliance with any assurance that his
product will reflect the intent of the clinic or meet the needs of the patient.
(See Prosthetic Prescription: Upper Limb, Pages 15 and 16)

The importance of a detailed prescription cannot be overemphasized. In
the past, prosthetists and sometimes orthotists have been placed in the position
of planning complete appliances according to their own best judgment. After
delivery of such appliances, the prosthetists-orthotists have been subjected
to criticism concerning their choice of various components and their utiliza-
tion of certain principles of fit and alignment. By obtaining a mutually
acceptable, detailed prescription at the clinic session, such difficulties
are minimized,

As a matter of practical clinic operation, it has been found desirable
that the prosthetist-orthotist contact the clinic chief if he wishes to
recommend any significant change in the prescription during the course of

fabrication, Such recommendations are often entirely legitimate, based on

=



PROSTHETIC PRESCRIPTION: UPPER LIMB

Patient Date

' Amputation Type Right Left

MEDICAL AND SURGICAL PRESCRIPTION

1.

Is surgery indicated? Yes No If so, specify condition and

indicate treatment

Is preprosthetic therapy indicated? Yes No If so, give detailed

prescription and intended result

Should fitting be delayed for any reason? Yes No If so, why?

PROSTHETIC PRESCRIPTION (Consider vocation, avocation, and patient preference, as

well as stump and general physical characteristics,)

Below-Elbow

Socket: Double-wall Single-wall

Split Muenster
Elbow hinge: Flexible Single pivot

Polycentric Step-up Other
Cuff '
Modifications

515‘




Above-Elbow and Shoulder Disarticulation

Socket: Double Wall Single Wall Shoulder Cap

Elbow Unit:

Modifications:

Harness

Type: Material:

Modifications:

Control System

Single Dual Biceps Cineplasty Other

Terminal Device

Hook : Hand:

Wrist Component
Wrist Unit:

Flexion Unit:

Forearm Slzig&

Standard Plan

Interchangeable Plan

Prosthesis to be fabricated by:

Date of Delivery:

Clinic Chief

olf-.



new evidence which comes to the fore during the fabrication and fitting
procedure., However, the important requirement is that the clinic chief
concurs with the contemplated changes before they are put into effect.

In prosthetics and orthotics, many judgments are calculated risks or
best guesses. GSince the prescription decisions reached should reflect the
best judgment of all, it does not seem reasonable that the ethical and fiscal
responsibilities of these judgments should be placed on the prosthetist-
orthotist alone but, rather, should be a joint responsibility of the clinic.

Experience in various clinics has shown that purchasers of prostheses
and orthoses prefer to place their trust and confidence in the clinic judgment.
Even in cases of failure, they are increasingly willing to tolerate the
financial losses involved because they have become convinced that, through
the clinic process, the best in professional judgment has been brought to
bear on the problem,

3. Pre-Fitting Treatment

Where indicated, the patient is referred for appropriate physical
therapy, which includes muscle strengthening and improvement of range of motionm
and muscular coordination, as well as procedures designed to encourage shrinkage
of the stump and the relief of symptoms related to surgical trauma.

4. Prosthetic-Orthotic Fabrication

The fabrication of the prosthesis or orthosis is completed by the pros-

thetist-orthotist and essentially involves the implementation of the pre-
scription written by the clinic.

5. 1Initial Checkout (Ewvaluation)
After "prescription,” the second major responsibility of the clinic is

"initial checkout.” There is some question as to whether the somewhat
colloquial term '"checkout" is the best word to describe this activity.
However, since it has now become fairly well ingrained, it probably must

be used until a better term presents itself.
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Initial checkout is essentially the first evaluation of the prosthesis-
amputee or orthosis-patient complex as a biomechanical entity. It may be
defined as a systematic examination of the patient with the prosthesis or
orthosis., This is accomplished before training with the appliance is given
and before the device is delivered to the patient. It is performed in some
clinics with the appliance in the unfinished state, so that minor improvements
may be introduced at a minimum cost. Initial checkout is important for two
reasons: to provide assurance that the prescription developed by the clinic
has been followed precisely, and to evaluate the biomechanical adequacy of
the prosthetic-orthotic device against set standards of quality, efficiency,
and design. (See Prosthetic Checkout Forms, Pages 98-101 and 112-115)

It is most important that this latter purpose be accomplished by success-
ful passing of initial checkout before permitting the patient to wear the
device for any extended period. In this way, corrections can be introduced
before the development of undesirable physical or psychological reactions.

Learning to use even the best of prostheses or orthoses is a difficult and

arduous task for most patients. To ask them to attempt utilization of a

device with discernible inadequacies seriously compounds the difficulties.

it is, therefore, incumbent upon the clinic to assure itself that the pros-

thesis or orthosis is as completely satisfactory as possible prior to
approving it for wear, training, and delivery.

6. Prosthetic-Orthotic Training

Upon completion of a satisfactory evaluation of the prosthesis or orthosis

at initial checkout, the normal procedure calls for the referral of the patient

to the therapist for appropriate prosthetic-orthotic training, It is important
to emphasize that the training properly occurs after all significant short-
comings in the appliance have been remedied. This procedure permits a con-
tinuous, rational transition in the care of the patient from the prosthetist-
orthotist to the therapist.

The length, type, and intensity of training depend upon the nature of
the disability, the characteristics of the patient, and on other lesser
considerations. The therapist may permit the patient to wear the device
at home at an appropriate point in the training program. When the therapist,
by means of objective evaluations and clinical judgment, feels that the patient
has profitably completed the training program, arrangements are made for the

"final checkout.”
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7. Final Checkout (Evaluation)

"Final Checkout is perhaps best defined as a procedure to assure the
prosthetic-orthotic clinic that the patient is not in immediate need of any
further prosthetic-orthotic, medical, or surgical attention.

At this checkout, which is the third major responsibility of the clinic,
the extent and effectiveness of the patient's use of the prosthesis or orthosis
is evaluated, the biomechaﬁical adequacy of the device is reviewed, and the
physical and psychological status of the individual is confirmed. Upon
ascertaining that these three factors are.all satisfactory and that the
patient would not profit from any further immediate prosthetic-orthotic,
medical, or surgical care, the patient may be considered to have completed

the necessary treatment.

8. FO].].GW-UE

Since the prosthesis or orthosis is subject to mechanical changes and the
patient is frequently subject to physical alterations, the optimal patient-
prothesis (-orthosis) relationship may be thought of as tramsitory. Conse-
quently, the maximum in prosthetic-orthotic function is obtainable only
when the patient is called in for follow-up examinations over an indefinite
period.

One suggested pattern for such follow-up visits is one visit everf six
months, Others have recommended a graduated schedule of visits., In either
case, the purpose of these visits is to determine that no changes have taken
place in the physical characteristics of the patient which adversely affect
the fit and alignment of the appliance and that no mechanical deficiencies
have developed which tend to make the operation of the device less efficient.
Some of the changes which take place are such that the patient himself may
not be aware of them, whereas the clinic, utilizing more expert observation
and objective measures; is able to uncover such shortcomings.

The three fundamental steps in the prosthetic-orthotic clinic process,
prescription, initial checkout, and final checkout, are viewed as a basic
minimum in the care of ahy individual requiring a prosthesis or orthosis for
the first time. 1In the case of a patient who is being seen solely for the
replacement of his appliance, the initial and final checkouts are conveniently

combined into a single step, assuming satisfactory follow-up procedures are

il



in effect. On the other hand, when conditions are less than ideal, both the
{nitial and final checkouts may require several repetitions before they are

satisfactorily completed. In rare cases, a new prescription may be indicated.

Other Considerations

There are several additional considerations which are neither medical
nor prosthetic-orthotic in the strictly technical sense and yet seriously
affect clinic operations. It seems appropriate that some attention be given
to these factors. They include the following:

1. Clinic Administration or Coordination

In order to keep the natural confusion which a patient experiences in
appearing before a clinic at a minimum, it is important that such consider-
ations as schedules for patients, the proper preparation of forms, the care of
checkout equipment, the reduction of waiting time for patients, and the
availability of a single person on whom the patient can always rely for

counsel, be taken into account in the organization of a smoothly functioning
clinic.

2. Physical Arrangements

It is sometimes overlooked

that a quiet, large, well-lighted room
for the clintc meeting,

with both the waiting and dressing areas appropriately
separated from the clinic operations per se, as well as a reasonable scheme

for the control of visitors, are important requirements, The use of sample

prostheses-orthoses, pictures, charts, and other material of an audio-visual
hature are helpful in the orientation of the patients,
3. Interaction Among Clinic Members

One not-infrequent problem is the dominati
by one of its members

Some clinic chiefs

on of the clinic activities

s usually the physician or the prosthetist-orthotist.

» Perhaps because of status considerations, do not ask



On the other hand, the prosthetist-orthotist mey, at times, control the
clinic. In these instances, no discussions evolve concerning controversial
prosthetic-orthotic issues and, in effect, the clinic becomes a stage for
the prosthetist-orthotist, From time to time, this problem arises when there
is a lack of interest on the part of the physician, or when he is burdened
with responsibilities which do not permit sufficient time for attention to
prosthetic-orthotic work.

The ideal situation exists, of course, when each member's experience
is fully utilized in solving the problem at hand. It is the responsibility of
the clinic chief to set the tone for this interaction and, ordinarily, the
physician's experience and status are required to set a desirable patterm to
these meetings. Consequently, in a very real sense, the prosthetic-orthotic
c¢linic is an exercise in medical leadership.

4. Psychological Effects on Patients

There can be no gainsaying the importance of the psychological factors

which make up good prosthetic-orthotic adjustment. This process, although
complex, seems to involve at least two important considerations for clinic
operation. They consist in providing the patient with a clearcut understanding
of the treatment process and of the prosthetic-orthotic equipment which he is
expected to weér, as well as a sense of friendly interest, psychological
support, and personal concern.

In conclusion, those clinics which overlook any of the above factors,
regardless of the degree of technical competence exercised by the members
of the rehabilitation team, find results of their treatment are less satis-
factory. The prosthetic-orthotic clinic is an integral part of the process
of psychological rehabilitation and must provide a personal type of support,

as well as appropriate technical service.

Summary

It has been found that clinics that assiduously but flexibly follow
this procedural pattern, accompanied by competent technical knowledge on the
part of its members and by an awareness of their patients' psychological
needs, meet with considerable success in the rehabilitation of all types of

prosthesis and brace wearers.
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CHAPTER 2

PSYCHOLOGICAL ASPECTS OF AMPUIATIONl

Introduction

Amputation is a disability that may affect the child, the adult, and the
aging individual, occurring, as it does, at any time during the entire span of
human life. The earliest manifestation is a child born as a congenital amputee,
with an incomplete extremity or extremities; the latest occurreﬁce, when the
limb of a very elderly individual is amputated in an effort to add additional
months or years to the life span. The factors which influence the care and
treatment of a child born with a limb missing are considerably different than
those which affect the management of an adult with a traumatic amputation
suffered as a result of an automobile accident, and are again different from
the problems of the elderly man who has had a limb amputation in his later
years because of diabetes. It becomes clear that the problems of amputation
depend to a considerable degree on the individual's chronological age and are
specifically related to the psychological and physical attributes which are
characteristic of his age group.

It is important to note that taking amputees as a group there is no
direct relationship between the extent of the physical loss and the patient's
psychological difficulties. These difficulties are more dependent upon the
personality attributes of the individual than the type of amputation.
Therefore; one individual with a "limited" physical loss may present far

greater adjustment problems than another with a "major" loss.
In directing our attention to the behavioral reactions of the amputee,

an analysis of the psychological aspects of the problem suggests that it is
best explored along three channels. |
The first is concerned with the experiences a

impinge on the individual as a result of amputation.

nd reality problems which

h.D.
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The second deals with the variety of ways in which an amputee reacts
to these stimuli; the types of behavior he displays and the patient's
introspections concerning his disability,

The third discussion is concerned with an identification of those
psychodynamic processes which may clarify the relationships between the
objective experiences associated with amputation and the resulting

behavioral responses.

The Amputatjon Experience

In considering the stimuli that the amputee experiences, let us examine

first the reality problems which are engendered by the disability. An
arbreciation of the nature of the problems stimulated is likely to pave the
way for understanding the behavior of those experiencing them. A number of
rather specific physical, psychological, and social problems of a unique
nature develop because of the permanency, finality, and irrevocability of

the loss associated with amputation. Furthermore, these physical and psycho-
social problems must be considered in relation to one another because of
their intimate and complex interactions. Lastly, the significance of the
problems associated with amputation, prosthetic wear, and personal readjust-
ment are great and deserve detailed identification.

A. Physical Capacities
1. Functional Limitations

Although the psychological satisfactions concomitant with physical
activity have not been thoroughly studied, it is clear that there is an
inborn drive to use one's physical resources. This is evidenced by the

bady's unlearned determination to walk, crawl, and manipulate objects.

'
The child's and adult's spontaneous participation in a variety of physical

activities is a further example of this need. Although we have some

difficulty in precisely defining the nature of this drive for physical
activity, it is perfectly clear that there are significant
needs and satisfactiong associated with it, and that with a

these gratifications become limited.

psychological
mputation,
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In addition to the pleasures evolving directly from the use of one's
physical faculties, as in walking, dancing,or swimming, there are other
satisfactions which are achieved only through the use of prehensile or
ambulatory function as a necessary intervening step. In this latter
instance, the pleasures do not grow as much out of the physical activity
itself but from the results of its application, as in climbing to the
balcony of a theatre, holding a drink, or picricking in a desirable but
somewhat inaccessible place.

In approaching physical tasks, both from the direct satisfactions
involved and for the related pleasures, the alternatives open to the
amputee are (a) to avoid performing the task, (b) to compensate for his
loss by the greater use of the remaining extremities, or (c¢) to perform
the function by utilizing an artificial replacement for the missing
member. Depending on the task and situation with which he is confronted,
an amputee is likely to utilize all three alternatives as solutions at
various times. But no matter which course the amputee chooses, his need
to perform a wide variety of physical acts without restriction, limitation,
or special consideration can be only partially satisfied.

It i§ important to note that in general the lower extremity prosthesis
replaces the lost extremity much more adequately than the upper extremity
prosthesis. This is a consequence of the fact that ambulation is essentially
a repetitive, cyclic activity taking place primarily in two planes, which
can be dupiicated by an artificial leg with relative effectiveness. Upper
extremity function is considerably more varied and complex, and almost
always involves motion in three planes, which makes the problem of duplica-
tion very much more difficult. Because of these facts, it is somewhat
fortuitous that arm amputations occur most frequently in younger people
who normally have the greater physical and psychological adaptability
necessary to learn the use of an upper extremity prosthesis.

2. Functional Failures

Ordinarily, our society has relatively negative attitudes toward
people who fail in various activities, whether these be at work, school,
sports, or social affairs. Failure as a student, an error in a ball game,
or failure to progress in one's job or business are all subject to society's

criticism.
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The use of a prosthetic appliance, however, inevitably implies a certain
amount of failure in physical function as an outgrowth of three facts, which
are beyond the conscious control of the amputee. Bearing in mind that the
prosthesis is a simple machine, (a) any inadequacy in the design or construc-
tion of its parts and/or fitting to the amputee can cause a failure in
function; (b) unless the artificial limb is perfectly controlled by the
amputee, it again will fail to provide proper function; (c) the new amputee
has not developed a sufficient level of neuromuscular coordination to main-
tain consistent control of the limb.

Ia view of these considerations, the amputee, especially the new wearer,
must anticipate a reasonable number of instances when he will fail during
ambulatior by falling down, or will fail in the simple act of prehension by
having something drop from his artificial hand. These failures of essentially
elementary human furctions are a source of concern and embarrassment for the
individual becsuse of the social and physical consequences. Even when the
frdividual becomes expert in the use of the artificial appliance, the
sicasional possibility of failure exists. Depending upon the individual's
need for presenting an appearance of perfection to his peers and himself,

this anxiety concerning public failure tends to inhibit the person's use of
the appliance,

B. Comfort

1. Pain Related to Prosthetic Wear

An additional difficulty in adjustment stems from the individual's
reed to be free from pain and tension so as to be as comfortable as possible.
It is rot ordinarily known or pointed out that prostheses are inherently
uncomfortable apperdages and even the most skillfully made one cannot be
considered completely comfortable and therefore cannot be taken for granted
by the wearer. What we have come to regard as a comfortable prosthesis is
simply one that offers a minimum and tolerable degree of discomfort.

Although not widely expressed, the above point of view should not be
surprising since, in fitting a prosthetic device for the lower extremity
amputee, tissues and muscles are performing atypical functiomns, i.e.,
primarily weight-bearing. Until the tissues become acclimated, desensitized,

and/or calloused to these new functions, considerable discomfort is the rule.
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Even after prolonged periods of prosthetic usage, the desensitization i8 not
complete and some discomfort continues. An additional physiological com-
plication is that most areas on the stump have markedly lower pain thresholds
than corresponding areas on the opposite limb.

Although the problem of weight-bearing does not exist with upper
extremity amputees, the remaining musculature is still subjected to unusual
stresses, and for both lower and upper extremity amputees, the body tissues
are encased in relatively rigid, impermeable materials (wood or plastic)
that interfere with normal ventilation and cause irritation and discomfort
due to heat and perspiration,.

2. Phantom Sensation and Pain

A second type of discomfort stems from the phenomena of phantom
sensation and pain. Especially during the immediate post-operative period,
amputees almost universally continue to sense the existence of the distal
segments of the lost extremity as if it were still part of the body. In a
large percentage of cases, this phantom sensation is initially a painful
one, in that the body part is experienced to be in a cramped or unnatural
position. With time the painful aspects of the phantom sensation tend to
disappear for most amputees; however, the presence of the phantom remains
indefinitely in varying stages of clarity. In some few instances, especially
among older amputees, the phantom remains permanently painful and presents a
considerable problem. At best, phantom sensation is a moderately distracting
stimulus and, at worst, tends to be quite painful and troublesome.

3. Fatigue

Although research has not given us final, reliable data concerning
the amount of energy expended in typical tasks by various types of amputees
as compared to normals, preliminary studies tell us that these differences
are significant. For example, an above-knee amputee performing a given
ambulatory task expends considerably more energy than does his non-handicapped
counterpart. Since the amputee is called upon to expend more energy, it is
necessary for him to divert effort that once went to other activities and
apply it toward his disability. As a result of this additional effort, he
is also likely to experience fatigue more rapidly than the non-handicapped
person. Both phenomena (continuous expenditure of effort and the early
experience of fatigue) tend to interfere with the individual's motivation

to participate in activities which are part of the rehabilitation process.
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Another aspect of this problem is concerned with the fact that certain

aspects of the operation of prosthetic devices are not automatic. In other

words, the amputee needs to pay variable but continuous attention to the

activation, control and use of his prosthesis. This requirement for increased

attention may be viewed as making demands on the psychological resources of
the patient. It serves to divert his attention from other matters and to
focus attention on obtaining satisfactory ambulation or prehension. Although
we cannot translate these demands into terms of physical energy and fatigue,
{ts role as an additional and continuing drain on the amputee's resources is

apparent.

C. Appearance

1. Visual Considerations

The word cosmesls, which pertains to adornment, beautification, or
decoration, is widely used in the field of prosthetic restoration as a
synonym for problems associated with one's visual appearance. This
cosmetic problem is a greater one for upper extremity amputees of both sexes
and female lower extremity amputees, since in both these instances the
extremity is not normally covered by clothing. Because of our mode of
dress, it is a lesser problem for the male lower extremity amputee and tor
very young children whose state of psycho-sexua! development makes for
little concern over matters of persoral appearance. With the advent of
adolescence this situation changes dramatically and cosmetic considerations
become of urgent importance.

It is interesting to note that there is an entire group of orthopedic
disabilities similar to amputation which have this "external badge' attached
to them. All people afflicted with these disabilities are readily identified
as being different, On the other hand, the majority of diseases are primartly
internal in nature and may be completely secreted unless the individual chooses
to confide concerning his {llness. These "external' disabilities tend to set
up a single problem related to the observation that we live in a society where
great emphasis is placed on the quality, adequacy, and conformity of one's
physical appearance. The problem is ap outgrowth of the fact that we all tend
to groom ourselves according to a pattern, place great emphasis on dress and

make-up with "good ‘looks" as an important goal.

~28~



Obviously, when one suffers an amputation, his appeaiance is changed,
beth in his own eyes and in the eyes of others. Since the values asscciated
with appearance are important, when members of our society do not meet these
standards, they suffer a loss of group acceptance. Since the need to be
accepted is great, intrapersonal problems develop.

2. Auditory Considerations

Although the primary cosmetic problem for the amputee is the adequacy
of his visual appearance, there are also problems connected with the noise-
producing characteristics of the conventional prosthetic device, Since the
prospect of being conspicuous by wirtue of some inadequacy in one's make-up
is a threatening one, the matter of adapting to a substitute extremity that
produces noise becomes a cause for concern.

An artificial limb being a simple machine may have a variety of low-
level sounds associated with its operation. Some amputees are concerned
with noise caused by air escaping around the brim of the socket or in the
articulation of the prosthetic knee or ankle. Others are sensitive to the
atypical sound of the prosthetic foot hitting the floor in certain situations,
Upper extremity amputees may reéct to the noise associated with the prosthetic
elbow locking in position or the terminal device closing on an object.
Although these noises are of a very low intensity level and go unnot iced
by most people with whom the amputee associates, a significant percentage
of the amputees are aware of these sounds and tend to project this awareness
to others. Since cosmetic values, both visual and auditory, are threatened
by amputation and attendant prosthetic restoration, another area of adjustment

is disturbed.

D. Vocational and Economic Factors

Any interference in an individual's ability to earn his way in
competitive society is psychologically threatening. Our understanding of
this problem; as it affects amputees, may be aided by considering the
"socio-economic scale', which in a general way categorizes people in terms
of the social status accorded them. In general, an individual's position
on the scale is intimately tied in with his occupational pursuits. The
occdpations that are accorded the highest status on this scale are professional,
managerial, and executive in nature, while the unskilled labor categories

represent the lowest. It is to be noted that the duties of the professional,
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managerial, and executive group are primarily dependent upon intellect and
personality (ability to think, speak, write, persuade» or make decisions),
while those in the unskilled group are primarily dependent onm manual resources
(carry, push, pull, walk, stacksor load). One can readily see that the
potential re-employability of an amputee depends on the extent to which the
individual 1is capable of intellectual or manual activities.

When people in the former group suffer an amputation, there are
probably no significant threats based on economic considerations at all.

With the exception of a small group in the performing and fine arts and

certuin professions, the ability of this group to pursue their occupations

is essentially unaffected, as are their positions as wage earners. The

only special economic problems faced by this group are the medical and
prosthetic expenses associated with this chronic disability. On the other
hand, those who earn their livelihood primarily by the performance of physical
activities irvolving the use of arms and legs, and who do not have intellectual
and personal resources for training in other fields, suffer a very severe
tconomic handicap as a result of amputation. They are no longer competitive
with their full-bodied peers.

The empirical fact is that the large majority of unemployed and
marginally employable amputees come from this low soclo-economic group.

Unless selective placement is introduced or special arrangements are made
on the job, these people remain unemployable. Hence for this significant
segment of the amputee population, the social need to be economically self-
sufficient 1s threatened.

As one might anticipate, there i{s a marked decrease in the numbers of
amputees who are employed in agriculture, skilled and semi-skilled arnd
unskilled occupations. In one nationwide study of 1630 upper extremity
amputees, conducted by Berger in 1958, 64% of the sample were employed in
these types of jobs before amputation, while only 27% were still employed
in these jobs after amputation. By way of contrast, only 14% of the sample
were engaged in professional, managerial, clerical, sales and service
positions before amputation, but 417% were so engaged after amputation. The
percentage of individuals in the study who became unemployed increased from
1% to 19%. Although the same types of shifts are to be found in employment
data concerning lower extremity amputees, they are not quite so severe, since
a lower extremity amputation is less limiting for most occupations than is an

upper extremity one.
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E. Social Considerations

Perhaps the single most important psychological prerequisite for a
well-adjusted, productive life is the respect and the status that one
receives from his associfates and peers. Over and above the physical amen-
ities of existence, the satisfactions recelved from the regard and affection
of people close to one (friénds, family, co-workers) are all-important.
With regard to the amputee, this status is threatened and the possibility
of loss of acceptance by one's peers becomes very real. The amputee is not
ordinarily obliged to guess how others feel about him. He can (except in
the case of the congenital amputee) simply reflect upon what he thought about
other handicapped people before he himself was amputated. These attitudes,
which he held toward other disabled people, are now directed tow.rd the self.

It is likely that early in these reflections, the word "cripple" comes
to the amputee's mind along with its various connotations of inadequacy,
charity, shame, punishment, and guilt. Obviously, when an individual views
himself or feels that he is being viewed by others in these terms, he
considers himself an object for lessened respect and will react to this
changed status accordingly. Since these attitudes are not at all likely
to enhance the self-concept, but rather devalue it, the patient may be
ex.Pet:ted to undertake defenses against these attacks on his integrity.

Social prejudices with regard to the disabled have long been reflected
in our literature with such villainous characters as Captain Hook, Captain
Ahab, Long John Silver, and others, being identified as amputees. These
characterizations tend to continue unsatisfactory attitudes toward the
handicapped by virtue of their influence on youngsters during their formative
years. It is, of course, true that very significant educational programs
have been attempting to change the social attitudes toward the handicapped
and teach that the loss of an extremity does not automatically devalue a
person. However, attitudes toward the disabled that have been centuries in
the making are not easily changed in a short period, regardless of the
intensity of the effort. For the time being, we must face the reality that
significant loss of social status accompanies amputation and that the
human need to retain self-respect and the respect of one's associates is

seriously threatened.
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It would be most helpful to be able to formulate a general statement
concerning which of the above problem areas are most significant. If this
wvere possible, emphasis and attention could be paid to the more important
aspects of the patient's problems, and less attention to the others. However,
{c is not possible to make this generalization, since different problems
emerge as significant for different patients, depending upon their personal
system of values. Also, the process of prosthetic rehabilitation involves a
series of compromises and although the treatment serves to reduce a number
of the amputee's problems, it does not completely resolve any one of them.

In the reduction of certain problems, new ones are sometimes introduced or
old ones aggravated. Hence, in treating the amputee, one must ewaluate the
Interactions among all of these problems and proceed accordingly.

The reader has, of course, noted the great emphasis under the preceding
headings, A, B, and C, concerning matters relating to the wear and utilization
of a prosthesis. This attention is a direct consequence of the central role
of the prosthesis in the personal and vocational rehabilitation of the amputee.
The util{zation of the prosthesis is the first evidence of the individual’s
capacity and desire to re-enter productive society. As such, its acceptance
and use is frequently a very reliable prognostic index of the effectiveness
of the entire rehabilication effort.

Certainly many of the problems discussed would be eliminated if no
attempt were made at functional restoraﬁion. Although such an approach
would simplify the readjustment problems we have dealt with, it would in
turn re-introduce personal, social and cultural problems of the very type
we are attempting to solve through rehabilitation efforts. The humanistic
values of our society suggest that the greatest effort be expended to

expedite a return of independent function as the first step in the social
re-integration of the individual.

Amputee Behavior

In turning to the second question of how the amputee reacts to the
problems engendered by amputation two questions arise

What are the typical
behavioral consequences of amputation?

What are the individual's intro-
spections, attitudes, opinions, and feelings?
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A. Behavior during Hospitalization

Let us first consider the amputee's behavior during hospitalization
in the relatively immediate post-operative period. During World War II,
several studies were made of amputees during the period of hospitaliza-
tion. One study by Wittkower in 1947, which surveyed 200 British War
Service amputees by means of interviews, noted expressions of depression,
resentment, anxiety, defiance, cheerfulness, resignation,and indifference
as the dominant behavioral reactions. A second study by Randall, Ewalt and
Blair in 1945, which evaluated one hundred hospitalized U. S. Army veteran
amputees by means of the Rorschach Test and psychiatric interviews, noted
shame, self-pity, worry about family, depression, anxiety, feelings of
good fortune,and no significant emotional responses among the group. A
third study by Hughes and White in 1946, with 350 amputee patients in a
U. S. Naval Hospital, concluded that amputees retained their normal
personality reactions. All three investigations found a number of patients
who adjusted relatively easily to the loss of a limb while others adjusted
with great difficulty. These studies, as well as more recent clinical
experience in civilian hospitals, have all suggested that after the
immediate trauma associated with the amputation subsides, there is an °
intensification of the individual's emotional reactions during the first
few weeks or months post-operatively. It is at this time that overt
emotional reactions to amputation are strongest.

A final study by Ladieu, Harpan,and Dembo in 1947 concerned itself
with the attitudes of amputees and other orthopedically disabled towards
receiving help from non-disabled individuals. Unfortunately with the con-
clusion of World War II, there have been no further systematic reports of
the immediate post-operative behavior of any sizable groups of amputee
patients.

B. Long Term Behavior

After the immediate traumatic psychological effects of amputation
surgery and 1its realization have passed, the behavior displayed becomes
more and more closely related to the pre-amputation personality of the

individual.2 After the initial emotional distress is passed, as the

2. The reader will note the exception to this statement when considering the

congenital amputee, or one who has lost a limb in the first years of life.
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{ndividual begins to make his adjustment to the experiences associated with

amputation, the behavior of almost all amputees falls well within the limits

of what may be called "normal". There is apparently no special, definable
neurotic or psychotic process involved in the long-term adjustment to
amputation. It {s not surprising, therefore, that a wide variety of amputee
behavior is reported by various observers, since the overt behavioral

pattern of amputees reflects the complete spectrum of adjustment and may
thercfore occasionally reflect the predispositionsand biases of the observer.

In what way, then, does the amputee's long-term behavior differ from
that of the non-disabled individual? Although there are no significant
differences in the overt behavior pattern, amputees do express unique
attitudes, opinions, and feelings concerning their disability and about
the recurrent stresses which they are called upon to face.

In an atiitude questionnaire administered to some 359 adult upper-
extremity male amputees of long standing, an attempt was made to study
nine personality variables; (1) acceptance of loss, (2) identification
with the disabled, (3) appraisal of functional adequacy, (4) independence,
(5) sensitivity, (6) appraisal of acceptance by others, (7) sociability,
(8) frustration and (9) optimism. The predominant findings by Fishman
and Siller in this 1958 study suggested that no matter which aspect of
personality was studied the subjects tried to maintain feelings of
bodily integrity and adequacy by denying many of the persomal, vocational,
and social consequences of amputations They attempted to de-emphasize
physical difficulties, rejected notions of abnormality,and set their
cosmetic and functional desires in line with those of normal people.

These findings, however, must be interpreted in the light of the amputee's
strong need for unprejudiced recognition from the non-disabled. In order
to gain this recognition, the amputees obviously responded in a manner
which only partially represented their true feelings. Therefore, it is
clear that this data more nearly reflects how the amputee feels he should
be regarded rather than how he actually regards himself.

In another investigation by Fishman in 1949, utilizing the clinical
interview as the major investigative tool to study 48 lower-extremity,
veteran, male amputees of long standing, it was possible to establish a

higher degree of rapport than through questionnaires. An analysis of



the interview protocols indicated a considerably higher number of negative
self-references than positive self-references, revealing a relatively
non-accepting set of attitudes towards their disability The major types
of overt behavior which were associated with these expressions of negative
self-concept were (1) hostitity, (2) dependency, (3) timidity, (4) super-
ficial self confidence, (5) unstable motivation, (6) rationalization of
situations, (7) compulsivity. The types of behavior which were associated
with positive self-concept were (1) self-assured, confident behavior,

(2) stable motivation, (3) gregariousness, (4) no expressed hostility, and
(5) positive attitudes towards the artificial limb.

Although there were demonstrable differences in the kinds of behavior
which accompanied negative and positive references towards the self, in
some instances the same or a similar self-concept was the motivating
factor behind markedly different reactions. In one non-accepting person,
hostile, aggressive behavior may arise, while in another, non-acceptance
is expressed through timid, hesitant, or depressed behavior. Rejection
of amputee status may, in one instance, produce hostility towards the
prosthetic device or towards rehabilitation personnel, while, in other
instances, attention-getting behavior or complete withdrawal is the
result of the same rejecting attitude. The evidence clearly indicates
that different types of behavior may evolve from similar self-perceptions
depending on other individual aspects of the personalities involved.

C. Behavior Related to Prosthetic Wear

?robaﬁly the next most significant event in an individual's life
after the fact of the amputation per se is the receipt and subsequent
utilization of a prosthetic device The individual's acceptance or non-
acceptance, use or non-use of the device, and the assoclated attitudes
are of pivotal influence on the nature of his later life. In view of the
emphasis placed on prosthetic wear it is important to consider if there
are any definable psychological consequences associated with such wear
Specifically, are the attitudes or behavior of the amputee altered in any
significant way by virtue of wearing a prosthetic device, or does the
device simply provide increased physical function?

As a part of the study of upper-extremity amputees referred to
previously, 359 were evaluated psychologically prior to being exposed to

systematic prosthetic treatment and were then re-evaluated some months
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after the completion of such treatment. The data led to the conclusion

that.with the active use of an appropriate prosthetic device, there was:

1. a decrease in expressed feelings of sensitivity and frustration.

an increase in feelings of social adequacy.

a generally greater acceptance of his disabled situation.

2
3
4, a greater feeling of effectiwveness and functional independence.
5. greater self-reliance.
6. greater security and self acceptance,

7. less shyness and more adaptable behavior.
One may question whether the amputee actually fully experienced these
positive changes, or whether they were, in part, expounding an expected
"cultural norm'" towards prosthetic restoration.

On the basis of the data available from this study, it is not possible
to answer this question with any finality, although one may reason that both
considerations contributed to the amputee's opinions. However, when the
clinically reported attitudes and reactions of the overwhelming percentage
of amputees who consistently wear prosthetic devices are considered, there
is indeed strong evidence that there are meaningful psychological advantages
assoclated with prosthetic wear.

Similar values for prosthetic wear were identified among a group of
159 juvenile amputees by Fishman and Peizer in 1958. In this group,
prosthetic wear incredsed the scope "of the children's activities and
display of independent behavior. This was accompanied by an observable
{mprovement in the emotional stability, school adjustment, social confidence,
and the quality of the self references made by members of this group. Except
for one survey by Chapman, Palmer, Bell, and Buckley made in 1959, describing
the functionagl values of prostheses for older amputees, there have been no
comparable studies to shed light on the psychological effects of prosthetic
wear on the geriatric patient.

Although the large majority of amputees profit both functionally and
psychologically from prosthetic wear, there is a significant number who
apparently do not. In the study of upper extremity amputees referred to

above, efforts were made to determine the reasons for unsatisfactory

prosthetic adjustment and the following points evolved:
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1. Normally very little information concerning prostheses is available
to new amputees early in the rehabilitation program and this de-
ficiency encourages the development of unrealistic expectations con-
cerning prosthetic wear.

2. Overly optimistic anticipations concerning the value of prostheses
were In most cases modified downward after prosthetic wear and
were accompanied by considerable personal disappointment and
distress.

3. No attempt is ordinarily made to alter pessimistic attitudes
towards prosthetic wear prior to fitting.

These findings suggest that a considerable service could be rendered
1f the amputee would be made aware of the realities of prosthetic wear by
appropriate counselling prior to the time of prosthetic fitting and training
80 as to make maximum motivation and to minimize disappointments,

In another aspect of this same study, it was substantiated that the
amputee's post-fitting attitudes and use of the prosthesisare closely
related to, and may be predicted on, the basis of his pre-fitting attitudes.
The data {ndicated that opinions held by the amputee before he had been
exposed to prosthetic devices exércise a controlling influence over later
prosthetic acceptance, performance, and use. On the basis of these findings,.
one might conclude that it is not appropriate to provide a prosthetic
appliance to an individual until he has developed an attitudinal pre-
disposition to accept its purposes and functions. Should a patient display
consistently negative attitudes in this regard, an educational effort would
most assuredly be required in an attempt to influence and change the pre-

fitting attitudes.

Amputee Psychodynamics
We turn now to the third area of discussion to complete the analysis
of the psychological reactions to amputations. In so doing we focus our

attention on the psychodynamic processes which act as a bridge between indi-

vidual experiences and the resulting behavior.
A, Perception of Disability
In a number of instances, predictions of rehabilitation potential
based upon physical considerations prove to be quite inaccurate, overshadowed

as they are by a psychological factor, namely, the patient's unique perceptions
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of his disability. In many instances these perceptions have a greater
influence on the rehabilitation process and its result than the physical
extent of the disability. The self-concept, representing as it does the
sum total of the complex interactions among these perceptions, as such,
reflects the personal meaning of the loss to the individual. The nature
of these perceptions is also closely dependent upon the value structure
of the individual.

A rather well-known corollary concept is that of the body image,

a concept which focuses on the individual's perceptions of his body and
physique. Since, taken by itself, it is a less inclusive construct than
the self-concept it is not as useful in dealing with the fuller relation-
ships between an amputee's behavior and his environment.

It 1ls most unusual to find a realistic self-concept among new amputees.
In most cases, relatively tnacﬁurate and distorted self-perceptions exist.
This {s not a surprising assessment, since the patient does not normally
have access to any considerable experience with the disabled. He does
not know what to expect in living as an amputated person, and, in view
of the rather significant trauma associated with his loss, he focuses his
anxieties on the amputation and considers the disability a more central
factor in his future life than is realistic. It is, therefore, probably
more correct to say that a person "must learn to live with his perceptions
of his disability" rather than "with his disability".

Since the amputee acts i{n terms of his perceptions, and not necessarily
reality, the consequences of a highly distorted estimate of one's disabled
condition are reflected in the increased difficulty in accepting the require-
ments of the rehabilitation process. If steps are not taken to correct
these self-perceptions prior to the prescription and fitting of an artificial
limb and training in its use, it may be almost impossible to accomplish
these processes at all, When rehabilitation does proceed, it does so
haltingly and with great resistance and difficulty.

Therefore, we are as much concerned with trying to effect a change
in the individual's perceptions as we are in trying to change the realities
themselves. If this be the case, the treatment of the amputee assumes two °
foci: (1) a diminution of physical loss by appropriate medical care,

introduction of prosthetic devices, as well as prosthetic and vocational
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training, and (2) a revision of unrealistic ideas and attitudes concernihg
disability through continuous re-education. Both these approaches are
designed to increase the effectiveness of the patient's functional and
psychological resources.

B. Consequences of Frustration

The manner in which people respond to disaster, the death of a loved
one, the destruction of their home, or the illness of a child, varies in
a myriad of ways. Similarly, the reactions to amputation tend to follow
the same variable pattern. Almost any type of behavioral response can be
seen following the expected frequencies of normal, neurotic,and psychotic
behavior in the population as a whole.

The previous discussions have described a number of significant
human needs that cannot be completely gratified as a result of the loss
of an extremity. We have suggested that these circumstances tend to
frustrate the individual and to generate conflict because of permanently
unobtainable goals. Furthermore, it has been pointed out that the extent
of conflict {s dependent upon the patient's perception of his disability,
as well as its real limitations. Consequently, the more inaccurate the
patient's perceptions are, the greater the anticipated psychological
difficulties,

Conflict and frustration are theoretical constructs which describe
certain aspects of human adjustment, and their presence inevitably results
in the development of temsion within the individual. 1In order to re-
establish psychological equilibrium, the energy associated with these
tension states must be reduced. This reduction in tension is accomplished
through overt or covert behavior, which is characterized by a variety of
emofional reactions and adjustive mechanisms.

The emotions aroused may be fairly specific ones, such as anger or
fear, or they may be quite diffused, such as anxiety. Furthermore, as a
result of amputation the emotional reactions are almost universally of a
negative quality (e.g., anxiety, fear, anger) as distinguished from positive
feelings (e.g., love, affection, joy). When strong negative emotions are
experienced, they tend to be expressed rather directly through overt behavior,
while less strong and less specific emotions tend to be more easily inhibited
and modified. In gny event, it is most unlikely that the amputee's strong
tensions will be relieved through the expression of any single type of

emotional response.
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The behavior exhibited by the individual also depends on his previously

learned adjustive patterns. Hence, in many instances an unconscious defense

mechanism comes into play, such as projectiom, displacement, rationalization,

regression, somatization and denial. When these come into play the overt

behavior pattern may be void of or extremely limited in any identifiable
emotional reactions. The reactions of the amputee to frustration and con-
flict usually include both overt emotional experiences and unconscious
defenses, each coming into play on the basis of how the individual perceives
and interprets the specific environmental situation, as well as the intensity
and variety of the emotions being experienced. This psychodynamic sequence
serves as a basis for the often expressed conclusion that adjustment to
disability is closely related to the individual's pre-amputation personality
and behavior,

With the recognition of the wide variety of psychodynamic processes
and emotions utilized in responding to stress, the need to identify,
define, and measure the specific processes used by an individual has become
quite important, In a current investigation, started in 1960 by Weiss,
an effort 1s being made to study how twelve psychodynamic processes are
used by amputees {n their adjustment.

The measurement of each of these adjustment techniques i{s being
accomplished through the use of appropriate psychological tests. The
plan calls for the performances on this battery to be correlated with
the amputees' observable behavior in the rehabil{itation and vocational
setting, so that the relationship of these psychodynamic processes to
amputee adjustment and behavior will be clarified. The twelve variables,

all of which have evolved from extensive clinical experience with amputees,
follow:

1. Sociopgthic Impulsivity

2. Emotional or Neurotic Impulsivity

3. Displacement and Paranoid Reactions
4. Phobic Reactions

3. Depression

6. Encapsulation or Constriction

7. Somatization or Somatic Preoccupation
8. Inadequate Control of Tension

9. Pessimism

iO. Inadequate Masculine Role Identification
1. Inadequate Compensatory Ambition

12. Stress Intolerance
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The psychological processes-listed above generally result in a
willingness ‘to compromise with limited restorative goals through a
diminution of the amputee's motivation to regain his lost functions.

The consequences of poor motivation are particularly devastating in this
instance, because the amputee is called upon over and over again to expend
greater effort and energy than is normally demanded of a non-handicapped
person for the accomplishment of the task at hand. Also the variety of
"secondary gains that society provides certain groups of amputees tends
to curtail further the necessary expenditure of effort.

The empirical evidence substantiates the theoretical considerations,
in that the single most important problem facing the rehabilitation worker
concerns the ways and means of implementing the marginal motivation of so
many patients. Since the rehabilitation process is clearly re-educational
in nature (and since it has been appropriately said that no one can teach,
only create a situation that is conducive to learning) the question arises
as to what techniques will help stimulate the patient's learning during

the rehabilitation process.

Psychological Rehabilitation
Aspects of five important areas of human activity were described as

being frustrated by virtue of amputation, namely, physical function,
cosmesis, comfort, vocational and economic factors, and social considera-
tions. It is clear that in order to assist the amputee, these problems,
as modified by his perception of them, must be dealt with so as to
diminish the frustrations and conflicts involved. These problems cannot
be erased. They may be mo&ified or compromised, but cannot be negated.
The problem of the rehabilitation of the amputee becomes, therefore, one
of assisting the patient to incorporate certain limitations into his
pattern of life so as to assure minimal interference with the large
variety of other important activities of living. Several suggestions
for extending assistance follow.

First, the actual processes of physical restoration, personal and
vocational counseling, as well as job placement, assist the individual in
partially meeting a number of his needs. When the amputee uses a prosthesis,
he does not walk as well as a non-handicapped individual, but his gait more

closely approximates that of the normal than it does when crutches are used.
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The prosthesis does not look exactly like the normal extremity. However, if
properly fabricated, it can meet the requirements of reasonable appearance.
The prosthesis will not be completely comfortable but probably can be designed
to fit within the pain tolerance limits of the individual. As he learns to
utilize and control his prosthesis, the frequency with which it fails him
diminishes. Personal counseling assists the ambutee to clarify and correct
his perceptions, so that he comes to understand the goals of the rehabilitation
process, what he may anticipate in the future, and what he must learn to live
with. By appropriate vocational counseling and placement procedures, the
insecurity associated with re-employment can be reduced, and he learns to
accept himself and, thereby, the attitudes of others.

A second significant approach revolves about the ability of the
rehabilitation personnel to introduce substitute values and life goals in
the place of those held prior to amputation and around the patient's ability
to accept these new goals. For example, if the patient's occupation prior
to amputation involved considerable use of the affected extremity, one can
achleve significant psychological progress by suggesting other occupations
that make significantly lesser demands on the extremities and yet hold
satisfactfons for the patient. As a substitute value or goal is offered
and accepted, an important factor developing frustration and conflict is
thereby eliminated.

Thirdly, a problem frequently exists in preparing the patient to be
amenable psychologically to the processes of prosthetic restoration and
vocational rehabilitation. In the early post-operative stages, an amputee
may be viewed as undergolng an emotional reaction not dissimilar to those
of people who suffer a catastrophe, such as the death of a loved one. In
both instances, the emotional reactions of the bereaved operate in a
somewhat circuitous fashion that must be interrupted at some point if the
individual is to recover from the loss and re-enter normal life activities.
These circumstances dictate the involvement of the amputee patient in some
purposeful activity at the earliest psychologically suitable moment, which
will tend to divert him from a continuing preoccupation with his loss.

In this connection, the prosthetic training procedures fulfill the
extremely important function of involving the patient in challenging and

important activities, In addition to the obvious primary purpose of
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prosthetic training, which is that of teaching one to use the prosthesis,
the secondary purpose of requiring physical and mental concentration is
significant. It is important to note that, ordinarily, only the occupational
or physical therapist spends sufficient time with the patient to provide
continuous and important supervision and stimulation along these lines.
Fourth, a technique that is sometimes helpful in motivating the
amputee patient involves placing him in contact with previously re-
habilitsted amputees, This is a particularly important procedure to be
used with those amputees who find it impossible to relate to or identify
with the non-amputated professional worker. In fact, he is unable to
profit from instruction or reassurance as a result of his attitude that
no one who has not lost an extremity can really understand his situation.
In these instances, the involvement of suitably readjusted amputees
as persons with whom the new patient may identify and from whom he may learn
cannot be overestimated. A word of caution must be introduced, however,
concerning the qualifications of the amputee to serve as inspiration. An
individual of substantial personal adjustment must be used so that the new
amputee does not become an outlet for the mentor's problems and anxieties,
Fifth, the continuous expression by rehabilitation personnel of

appropriate concern, attention, reassurance, and respect tends to assuage

the troublesome emotions being experienced by the patient. Negative

destructive eﬁotions simply do not flourish as well in an atmosphere
typified by this type of accepting professional climate.

Lastly, the thought that each patient must be treated in te
Placing the proper emphasis

rms of

his own value system must be emphasized again.

on each of the amputee's problems is part of the process of diagnosis and

Prognosis and is a prerequisite for developing a sound management concept.
though by no means exhaustive of what can

These several suggestions,
as the

be done, should tend to reduce the frustration and conflict as well

; turn
strength of negative emotions being experienced by the patieat Inb ;
ro

the individual's motivation to restore himself as a functioning membe

society will tend to increase.
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Criteria of Successful Rehabilitation
By what criteria can we gauge the success of the rehabilitation of

an amputee? Does the answer lie in the apparent perfect restoration of

lost function, or in the ideal cosmetic replacement, or in the most
Partially, success lies in all of these, but it

comfortable prosthesis?
may in some cases exist with a minimum of these accomplishments.

We cannot expect the same standards of performance from patients
We can accomplish

of dissimilar physical and psychological characteristics.
only that which the individual's pre-amputation physical and psychological
potentials permit It is, therefore, possible to have a more successful
result in the rehabilitation effort with people wi:o are capable of less
physical function than with those who are capable of more.

In view of this fact, success in rehabilitation may be defined in
terms of psychological rather than physical cfiteria. Rehabilitation
may be said to be successful when the amputation and its related con-
tiderations are no longer the central adjustment problem for the individual.
As the ability to use the prosthesis more automatically or subconsciously
increases, as the client's awareness of being physically limited and
different becomes less threatening, and as the amputation becomes a
minimal source of interference in his familial, vocational,and social

activities, the elements of successful rehabilitation have been approached.
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CHAPTER 3

COMPONENTS OF UPPER-LIMR PROSTHESES

The components common to all upper-extremity prostheses are the terminal
device and the wrist unit., The characteristics and functions of these compo-
nents and of the additional components of below-elbow, above-elbow, and shoulder

prostheses are discussed in this chapter.

TERMINAL DEVICES
The primary purpose of the terminal device is to replace the grasp func-
tion of the hand. Since various types of grasp are available to the human
hand, the prosthetic replacement must permit the most satisfactory and useful
forms. Terminal devices can be divided into two categories: hooks and hands.

Hooks

By far the most commonly used terminal device is the split-hook type,
first extensively developed by D. W. Dorrance nearly 40 years ago. By allowing
the amputee to open and close the hook, objects can be grasped between the
"fingers'"; the shape of the fingers also permits some to the other usual func-
tions of the hand, such as holding, carrying, pulling, or pushing objects.

The Dorrance series of hooks are all actuated by a control cable, and
all employ the voluntary-opening (VO) mode of operation. The amputee exerts
force on the control cable to open the fingers against the force of rubber
bands which act as a spring to close them and to provide a prehension or pinch
force. Prehension force is determined by the rubber bands used; this force is
éPProximately 1% 1b. per rubber band. These hooks are available for right or left
side and as standard utility models and heavy-duty or special-purpose models.
The standard utility models are available in five sizes, ranging from infant
to adult. The heavy-duty models, commonly called "farmer's" hooks, are available
in one adult size and are provided with special tool-holding features which adapt
the hook to manual labor. The heavy-duty models are made of stainless steel, and
the standard utility models are made of either stainless steel or aluminum alloy.
The aluminum hooks weigh 2 to 3 ounces; the stainless steel, 6 to 13 ounces.

Prescriptions must be written with due consideration of the vocational and
avocational pursuits of the patient, and also the manner in which he undertakes

such activities. Steel hooks are recommended for activities requiring a very
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durable terminal device; aluminum hooks are often preferred because of their

lighter weight but are subject to breakage from severe use.

Far less common than the Dorrance hooks is the Sierra two-load hook. This
{s a voluntary-opening device which has prehension force supplied by two heavy
spiral springs mounted within a small case; & selector button on the thumb permits
the choice of either 3% or 7 pounds pinch force. While change of pinch force is
desirable, this type of hook is likely to have relatively more maintenance
problems,

Another less-common hook is the Sierra-APRL voluntary-closing hook. Since
the amputee closes the hook with his own body power by means of the control
cable, he has precise control of finger pressure or prehension force, fanging
from ¥ to % 1b. up to 20 to 25 lbs. A self-locking feature automatically locks
the hook in the grasp position as soon as the amputee relaxes, enabling him to
hold &an object firmly without exerting continued effort. The hook also has a
large (3% inches) and a small (1% inches) prehension opening available at the
choice of the amputee, controlled by means of a small switch lever on the case.
In addition, the sutomatic locking mechanism may be disengaged (by moving the
switch to the center position), allowing for "free-wheeling" with a prehension
opening of 1k inches and used for convenience in certain activities, such as
the sorting of small objects without constant locking and unlocking. This
hook is very suitable for fine work and for well-organized, carefully selected
patients, but it does present durability and maintenance problems. In addition,
since each grasp activity involves a closing, locking, unlocking, and opening

cycle, the extra motions may become uneconomical in terms of energy expenditure
during a day's use,

Hands

Hands are used by an increasing number of amputees, often on a inter-
changeable basis with & utility hook. They may be divided into three classes:
passive (cosmetic), voluntary-opening, and voluntary-closing. Cosmetic gloves
which closely duplicate skin shade and other features of the normal hand are
used with these hands.

As the name implies, the passive hand contains no functional mechanism and
1s intended for cosmetic effect. However, it may also be used for certain

activities, e.g., to stabilize paper for writing or clothing for ironing, or
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for assisting in buttoning with a sound contralateral extremity., It is
available in various sizes, can be made very lifelike in appearance, and is
relatively light in weight (3-4 ounces), since no mechanism is involved.

The voluntary-opening hands are available in a number of sizes, with
various different features, and comprise models by Becker (Lock-Grip, Imperial,
and Plylite), Dorrance, Robin-Aids, and Sierra-APRL VO. The Becker Lock-Grip
and its successor, the Imperial, are strong and provide reasonable function,
with all fingers and thumb working and with a locking-type mechanism, but are
quite heavy (approximately one pound). The Becker Lock-Grip is available in
eight sizes, and the Becker Imperial is available only in ome (adult)
size, The Plylite hands are relatively light (10-12 ounces) and are available
in various sizes but provide only minimal function by means of a cable-controlled
movable thumb. The Dorrance hands are available in four sizes (Models 1,

2, 3, 4) for ages ranging from &4 years to adult, and are probably the most
satisfactory group on the basis of appearance and ease of operation. The thumb
and first two fingers move and come together in a "three-jaw-chuck' pattern
which permits grasp of many different types of objects. Robin-Aids hands have
the distinguishing feature of adaptability to the partial-hand amputation; the
moving parts are all located distally, so that the overall length of the hand
can be shortened to adapt it to the transmetacarpal amputation. In addition,
individual third and fourth fingers may be removed to accomodate unamputated
portions of the hand. All four fingers operate, and the fingers are adjustable

at two joints for selected positioning -- a help in holding various-sized objects.

A two-position thumb allows extra-wide grasp. The Sierra-APRL VO hand, available

in standard adult size only, incorporates a two-position thumb which provides
large and small openings, permitting easy handling of objects of various sizes.
A "Bac-Loc" feature operates in all finger positions and enables amputees to
hold heavy objects securely.

The only voluntary-closing hand is the Sierra-APRL VC Hand, available in
one standard adult size, It has a mechanism similar to that of the Sierra-APRL
VC Hook, providing controllable prehension force with automatic locking in
the grasp position. Like the Sierra-APRL VO Hand, its two-position thumb
provides large and small openings. Its weight is 12 ounces without glove.

A comparison of hooks and hands, which must often be considered in the
brescription of a prosthesis, indicates certain advantages of each. The hand

is definitely superior in terms of cosmesis and for grasping a large or round
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object, such as the handle of a tool. The hook is superior for grasping small
objects, visual cues (allowing the user to see much more of what he is doing),
use in restricted area, weight, cost, and maintenance. When making this |
comparison, one should bear in mind the function of a prosthesis for a unilateral
amputee. In most cases the prosthesis will serve as a helper and will not often
be required to perform intricate, delicate movements. For instance, although

the hook may be superior for handling coins, the amputee will use his intact
extremity for this purpose. In the case of the bilateral amputee, however,

all activities must be performed with the prosthesis. Accordingly, a bilateral

amputee will very rarely be provided with two hands,

WRIST UNITS

Wrist units are used for attaching terminal devices to prostheses, as well
as providing for terminal-device rotation (pronation and supination) to place
the terminal device in the best position to accomplish a desired activity.

Since encasing the below-elbow stump in a socket limits active pronation and
supination in all but the very long stump, and since this activity is com-
pletely lost at higher levels of amputation, the wrist unit must provide this
function.

The rotation function is passive; the amputee rotates the terminal device
in the wrist unit with his sound hand or by his other hook (if bilaterally
fitted) or by pushing against a. part of the body or other surface to produce
elther pronation or supination. The wrist unit also permits interchange of
terminal devices -- from a hook to a hand or from a heavy-duty hook to a
standard utility hook, for example.

Wrist units are made either as friction wrists or locking wrists. Friction
wrist units (washer or bushing types) permit pronation and supination of the
terminal device and hold it in the selected position by means of friction.

These wrist units are available in four sizes of round-shape units, two sizes

of oval shape, and two sizes of a special thin version to be used for the wrist-
disarticulation amputee. Locking-wrist units permit manual rotation and then
hold the terminal device locked in a fixed position., Two locking wrists are

commercially available, differing in their methods of control: the
button~-type unit and the ring-type unit, The former has a control button

which, with light pressure, unlocks the wrist to allow rotatiom of



the terminal device; axial pressure (pushing in) on the terminal device then
causes the wrist to lock in the desired position. Firm pressure on the control
button will release the terminal device for exchange with another. 1In the ring -
type unit, operation is controlled by a movable three-position ring. Turning the
ring to the right allows free rotation of the terminal device to the desired
attitude, where it is locked by turning the ring to the center position.

Turning the ring to the left permits disconnect of the terminal device. Two

sizes of the button-type and one size (adult) of the ring-type are available,

Particularly for the bilateral amputee, who must be ablé to operate the
terminal device close to the body, a prosthetic component to provide wrist
flexion is often indicated. Two types of wrist-flexion unit are available:
external and internal. The external type (Sierra), which comes in two sizes
(adult and child), is worn between the wrist unit and the terminal device and
allows manual positioning of fhe terminal device in either the straight or

flexed position. The adult size allows setting and locking in one of three

positions: zero, 25 degrees, or 50 degrees of flexion. The child size allows
two positions: zero and 50 degrees of flexion. The internal type (Hosmer),
available in three sizes (adult, medium-small, and child), combines a friction
wrist and a wrist-flexion unit in one unit and provides for setting and

locking in three positions: zero, 30, or 50 degrees of flexion,

BELOW-ELBOW COMPONENTS

The prosthetic forearm incorporates the wrist unit and the socket, Both
the forearm shell and the socket are usually made of plastic. The socket ep-
cases the stump and extends its control function to give force apnd movement

to the prosthesis.

A "gplit socket" is sometimes used with pa-
tients who have very short stumps so that
special types of hinges (which are discussed
in the next section) can be used to either in-
crease available range of motion or to incor-
porate an elbowwlock mechanism in the pros-
thesis. The split socket consists of a true

socket that encases the stump and a forearm

shell to which the wrist unit and terminal

device are attached (Fig. 1).
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Alternative methods to the split-socket
technique for fitting amputees with very
short below-elbow stumps are the preflexed socket
and the Muenster or Hepp-Kuhn prosthesis (Fig. 2).
The preflexed arm prosthesis has a below-elbow N =

-

socket constructed so that the longitudinal axis

of the forearm shell is preset in approximately

20-25 degrees of flexion to the long axis of the Fig. 2 Muenster Socket
socket., The socket extends over the olecranon

and is used with or without hinges. With this

arrangement the average patient can operate his

terminal device in the areas used most of the time and still retain full torque
about the elbow. Although this technique yields less elbow flexion than the
split socket and step-up hinge procedure, the reduction in force requirements

and ease of use more than compensate for this limitation. In the Muenster
prosthesis (Fig, 2) the socket and forearm are set in a position of inital
flexion and the socket encloses the olecranon and the epicondyles of the humerus.
The intimate stump encapsulation, flexion attitude, and high trim lines of this
socket provide excellent retention and security. Therefore, in most cases, the
need for gsuspensory apparatus to maintain the socket on the stump is obviated,
and the harness need control only the terminal device. As in the case of the pre-
flexed socket, limited range of motion is a problem but in most instances is more

than compensated for by the advantages.

Below-Elbow Hinges

Below-elbow hinges connect the socket to a cuff or pad on the upper arm and
are important in terms of suspension and stability. There are three major
types: flexible, rigid, and "step-up" -~ the selection depends primarily upon
the site of amputation and the residual function.

Flexible elbow hinges, which are flexible straps of leather, metal, or
other material, serve primarily to suspend the forearm socket. They permit
active pronation and supination of the forearm (as well as flexion and exten-
sion of the elbow) and are used where sufficient voluntary promation and
supination are available to make it desirable to retain these functions, e.g.,

in wrist-disarticulation and long below-elbow amputations.
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Rigid hinges are utilized for short below-elbow cases where normal elbow
flexion is present but little or no voluntary pronation-supination is available
and additional stability about the elbow is needed. Pronation and supination
of the terminal device are then accomplished passively by the use of the wrist
unit. Two types of rigid hinges are available: single pivot and polycentric.
The mating gear teeth on the polycentric hinge impart a displacing action to
the socket during elbow flexion and provide clearance for bunching of flesh
in the crook of the elbow, a common problem for amputees with fleshy arms.

Step-up hinges are used, together with a "split-socket" prosthesis, for
very short below-elbow cases where usable elbow flexion is limited. By virtue
of a gear or lever arrangement these hinges permit the stump to drive the
prosthetic forearm through an increased range of motion. In the gear-type,
step-up hinge the step-up ratio is 2:1, i.,e. the forearm shell moves two
degrees for every degree of motion of the stump. In the variable-ratio, step-up
hinge the step-up ratio averages 3:2. The disadvantage of step-up hinges is
that approximately twice the force is required from the stump to provide the
same amount of flexion than is the case with no step-up; it is often necessary
to provide an assistive lift from the shoulder harness.

Another special device is the stump-activated locking hinge which is used,
together with a split-socket prosthesis and a dual-control system, for patients
having very short below-elbow stumps with practically no lifting force. 1In
this system the cable which operates the terminal device is also used to lift
the forearm to the desired position, wheréupon a small amount of stump motion

will activate the elbow lock. With the elbow locked, a pull on the cable will then

operate the terminal device.

Cuffs and Pads

Except in the Muenster prosthesis, a half cuff or a triceps pad, with
the appropriate hinges, is used on the upper arm to connect the socket
to the harness and help furnish socket suspension and stability. In addition,
it serves as an anchor for the control-cable reaction point, The half cuff,
with or without a strap or billet across the front of the arm, is used in the
ma jority of short below-elbow fittings. The triceps pad is used with long

below-elbow, wrist-disarticulation, and transmetacarpal prostheses.
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Below-Elbow Harness and Controls

The functions of the below-elbow harness are: to suspend the prosthesis

from the shoulders so the socket is held firmly on the stump; utilize body
motions, e.g., shoulder flexion and scapular sbduction, as sources of power !

or force; and transmit this force via a cable system to operate the terminal

device. Three types of harness are used: figure-eight, chest—strap'with

shoulder saddle, and figure-nine. ;
The figure-eight harness (Fig. 3) is the most commonly used. The axilla

loop acts as a reaction point for the transmission of body force to the

terminal device. The front support strap and inverted-Y Suspensor carty the

ma jor portion of axial loads.

Control

Front ' Axilla loo
support P attachment
strap SNlwTs strap

Inverted Y
suspensor

Fig. 3 Below-Elbow Prosthesis with Figure-8 Harness

The chest-strap harness with shoulder saddle (Fig. 4) is used for a patient
:ho cannot tolerate an axilla loop and for patients who do a great deal of heavy
ifting. It is not appropriate for women and it has a tendency to rotate upon

the chest when excessive forces are applied to the control cable
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with the Muenster prosthesis (Fig. 5).

Shoulder i
saddle Medial

oop
suspensor

Lateral

loop
suspenscr

Fig. 4 Below-Elbow Prosthesis with Chest=Strap Harness
and Shoulder Saddle

A simplified harness of a figure-9 configuration is most often employed

It consists of an axilla loop and

. @ control attachment strap. An advantage over conventional types of harness-

ing is the greater freedom and comfort afforded by elimination of the usual
front support strap and triceps pad or cuff.

‘K/Axilla loop

Control -~
attachment
strap \

Fig. 5. Muenster-Type Below-Elbow Prosthesis
with Figure-9 Harness
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A bilateral amputee is ordinarily fitted with a figure-8 harness
{n which the axilla loop is replaced by the control attachment strap and
anterior support strap to the opposite prosthesis (Fig. 6). Many am-
putees require an elastic cross-back strap between the control attachment
straps to prevent the harness from rising when the amputee operates one
or both of his terminal devices. Each prosthesis has the same single con-

trol system as used on a unilateral prosthesis.

Fig. 6 Bilateral Below-Elbow Harness

The typical control system for transmission of power to the prosthesis
consists of a flexible stranded stainless-steel cable with appropriate terminal
fittings or coupling units énd a flexible tube or housing inside which the
cable slides. The terminal fittings are used to attach one end of the cable to
a harnessed body control point and the other end to a point of operation or
control of the prosthesis, e.g., the terminal device. The housing acts as a
guide.or channel for the transmission of force by the cable. Two types of control-
cable systems are used: Bowden control and dual ﬁfair-lead) control, The former.
is used in the below-elbow single-control system, and the latter is used in the
above-elbow dual-control system and in the very short below-elbow split-socket

prosthesis with stump-activated locking hinge.
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The Bowden control system (Fig. 7) consists of a continuous length of
flexible housing through which the cable slides. “The housing is fastened by a
~base plate and retainer to the forearm shell and by a housing cross-bar assembly
to the cuff or triceps pad; these housing retainers also serve as reaction points
when force is applied to the cable. The Bowden cable system is required to

transmit body power for a single purpose--to operate the terminal device.

/H“NGER

HOUSING CROSS-BAR
ASSEMBLY

RETAINER

HOUSING /
BASE /
PR ATE ﬁ caBlL E

RUBBER
DI Sw

TERMIN AL

Fig. 7 Bowden Control-Cable System
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The fair-lead or dual-control system (Fig. 8) consists of a cable held in
place and guided by separate lengths of housing. The pieces of housinglare
fastened with retainers at points where the cable must be supported or operated
through an angle. Since the system must provide force for two functions (elbow
flexion and operation of the terminal device), two fair-lead housings are nec-
essary: the proximal, through which the cable slides when the elbow is flexed;
and the distal, through which the cable also slides when the terminal device is

operated.

/ HOUSING

RETAINER

FOREARM
LEVER
LooP

HOUSING

8ALL
Fig. 8 Fair-Lead Control-Cable System  TERMINAL

ABOVE-ELBOW COMPONENTS

Above-elbow prostheses consist of a terminal device, wrist unit, forearm,
elbow unit, an upper arm, a socket and a harness and cable system. The terminal
devices and wrist units are the same as those used for the below-elbow pros-
theses, while the elbow units and harnesses differ in several respects from

those used in below-elbow prostheses.

Elbow Units

When an amputation occurs at or above the elbow joint, elbow functioﬂ is
supplied by the use of an elbow unit which provides for elbow flexion and for
locking in various degrees of flexion. Two types are used: external elbows

(outside locking) and internal elbows. The former is used with the elbow-
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disarticulation prosthesis and the latter with above-elbow and shoulder pros-
theses. Both types of elbows are flexed by means of the control cable of the
dual-control system and locked at the desired flexion angle by a séparate elbow-
lock control cable. The elbow-lock control cable is attached at one end to the
elbow mechanism and at the other end to the harness. ‘The lock mechanism operates
on the alternator principle, that is, locking and unlocking actions alternate
with each control-cable cycle of tension-relaxation. For amputees who have
difficulty flexing their prosthetic forearms, an accessory in the form of a

spring assist for elbow flexion may be provided for use with the internal elbow.

In above-elbow and shoulder prostheses, passive humeral rotation is
accomplished by means of a turntable between the elbow unit and the upper-arm
shell or socket. As in the case of a wrist unit, friction between the elbow
unit and the turntable permits control of the rotation to maintain the desired

plane of elbow operation.

Above-Elbow Harness and Controls

In addition to suspending the prosthesis from the shoulders, the above-elbow
harness must transmit power to flex the prosthetic forearm, to lock and unlock
the elbow unit, and to operate the terminal device. The harness designs most
frequently used for the above-elbow prosthesis are modifications of the basic
figure-S and chest-strap patterns used with the below-elbow prosthesis and are

illustrated in Figs. 9 and 10.

FRONT SUPPORT LATERAL
STRAP SUSPENSOR

OVER-
SHOULDER
STRAP

OVER- SHQUL DER
STRAP
{oPTioNaL)

AXILLA
LooP

CONTROL

CROSS-BACK
5TRAP

ELASTIC {aPTIONAL)

SUSPENSOR

Fig. 9 Above-Elbow Prosthesis with Figure-8 Harness
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SHOULL."R
SADDLE

CONTROL
ATFACHMENT

LATERAL LOOP STRAP

SUSPENSCR

ELBOS
LOCxK
BrLLc?Y

\\\\ ELASTIC

SUSPENSOR

Fig.10 Above-Elbow Prosthesis with Chest«~Strap Harness
and Shoulder Saddle

The bilateral harmess (Fig. 11) is a combination of two above-elbow

figure-8 harnesses; each axilla loop is replaced by an attachment to the

opposite prosthesis. A cross-back strap and two over-the-shoulder straps

may be added to improve harness stability. The dual-control system used on

each prosthesis {s identical with that used on a unilateral above-elbow pros-

Anterior
Support
Strap

Over-the-
| \£>\ shoulder
" strap
(Optional)

ontrol
attachment
strap

Cross-back
strap

(Optignal)

Fig. 11 Bilateral Above

=Elbow Harness
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As previously mentioned, the fair-lead control-cable system is used in the
above-elbow prosthesis to transmit force for two functions; elbow flexion and
terminal device coperation. Elbow locking and unlocking are controlled by a
second cable, the elbow-lock cable. When the elbow is extended and unlocked,
flexing the shoulder transmits force to the forearm lever loop, raising the
forearm to the desired level. If the amputee wishes to use the terminal device
at this point, he locks the elbow and then operates the terminal device by

continuation of the control motion, i.e. shoulder flexion.

SHOULDER PROSTHESES

All shoulder prostheses, regardless of differences in size, consist of
a terminal device, wrist unit, forearm section, elbow unit, humeral and shoulder
sections, and a harness and cable system. The terminal device, wrist unit,
forearm section, and elbow unit are identical to those used in the above-elbow
prostheses. The shoulder section includes a socket, which provides (1) comfort-
able, stable bearing upon the residual shoulder elements and thorax, and (2)
means of utilizing whatever mobility remains in the shoulder girdle for control
of the prosthesis,

Several shoulder components are available, ranging in capability from
no motion whatsoever to friction-controlled passive motion in any direction.
When "monolith" construction is used, the humeral section and shoulder socket
are laminated together, and no relative motion between these components is
possible. Use of abduction joints permits passive abduction of the humeral
section, This is convenient for the wearer in dressing and in sitting in a
chair with arms. Incorporation of a bulkhead in the shoulder unit makes passive
flexion and extension of the humeral section available. A flexion-abduction
joint may be used, which combines the features of an abduction joint and bulk-
head. Occasionally a universal joint is utilized, which permits motion of the

humeral section in all planes.

Shoulder Harmess and Control Cables

The basic shoulder-prosthesis harness (Fig. 12) has a chest strap that
is attached to the anterior and posterior aspects of the laminated shoulder
section. An elastic suspensor helps to stabilize the shoulder section and yet

permits movement of the shoulder girdle.
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The harness and control system usually includes a waistband with a strap

connected to the elbow-lock control cable. The waistband stabilizes the distal

end of the elbow-lock control strap, so that shoulder elevation trips the elbow

lock. The dual functions of elbow flexion and terminal-device operation are

controlled by a fair-lead type control-cable system, as in the above-elbow
prosthesis., The most common control motions are shoulder-girdle flexion for
elbow flexion and terminal-device operation and shoulder elevation for elbow
locking and unlocking. In the forequarter amputation, of course, only the

opposite shoulder is available for control motions.

Chest Elastic control
i sugpensox fL/ ’ attachment
T strap

Excursion
amplifier

Waistband

Fig. 12  Shoulder Prosthesis with Basis Shoulder Harness
and External Movable Sheave-Type Excursion Amplifier

If the amputee cannot successfully operate the prosthesis with the basic
harness, three additions may be helpful:

l. Excursion amplifier

2, Axilla loop

3. Shoulder sling with an axilla loop ,

An excursion amplifier is a device that converts a larger force with small
excursion into a lesser force with increased excursion. In most cases the

shoulder amputee has an abundance of strength in his shoulder girdle, but in
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many cases he lacks sufficient excursion for successful prosthetic operation.
The excursion amplifier makes it possible to convert some of this surplus
force into additiomal excursion. Most terminal dewices require 1% to 1 3/4
inches of cable trawel for full operation, and 2 to 3 inches are needed to
elevate the forearm through a range of 125 degrees. Two types of excursion
amplifiers which have been used to attain the needed movement are the lever
and the movable pulley or sheave (Fig. 12).

The axilla loop encircles the shoulder on the side opposite the prosthesis
and transmits more shoulder-girdle movement to the cable than does the chest-
strap harness. The shoulder sling harnesses most of the excursion available
as a result of the wider area through which the extreme tip of the shoulder

swings when the scapulae are abducted.
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TERMINAL DEVICES: HANDS

I. PASSIVE (COSMETIC) HAND

I1, VOLUNTARY OPENING HANDS

BECKER LOCK-GRIP
BECKER IMPERIAL

BECKER PLYLITE

DORRANCE

ROBIN AIDS

SIERRA-APRL VO

II1. VOLUNTARY CLOSING HAND
SIERRA-APRL vC
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WRIST UNITS

FRICTION WRISTS:
Washer Type

FRICTION WRISTS:
Bushing Type
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WRIST UNITS

LOCKING WRISTS

WRIST FLEXION UNITS
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BELOW-ELBOW KINGES

NAME

CHARACTERISTICS
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THE BELOW-ELBOW FIGURE-EIGHT HARNESS

ANTERIOR VIEW
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ELBOW UNITS

NAME CHARACTERISTICS
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THE ABOVE-ELBOW FIGURE-EIGHT HARNESS

POSTERIOR VIEW
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THE ABOVE~ELBOW CHEST STRAP/SHOULDER SADDLE HARNESS

1,

ANTERIOR VIEW

POSTERIOR VIEW

.



SHOULDER JOINTS
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THE SHOULDER-DISARTICULATION HARNESS

1-

POSTERIOR VIEW
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CHAPTER 4

COMPONENTS FOR CHILD UPPER-LIMB AMPUTEES

Early Fit
Children are fitted at eight months of age with either a passive

or an active prosthesis, If fitted with an active prosthesis, however,
the infant cannot be expected to voluntarily control the prosthesis.
The purposes of early fitting are:
1. To improve balance - sitting, standing, walking
2, To accustom the child to normal, symmetrical-length upper
extremities
3. To simulate bilateral function at normal work distances
4. To incorporate a prosthesis into the child's body image
5. To help the child and his parents accept a prosthesis for
function and cosmesis
6. To reduce dependence on tactile sensation on the end of the

gtump

Terminal Devices .
All terminal devices for children are voluntary opening, except

the passive mitt.

At eight months of age the child is fitted with & Dorrance 12P
hook which is covered with Plastisol. The cable is usually not connected
to the hook at this time. The parent opens the hook so that the child
can observe its function. If incidental opening of the hook is desired
for training purposes, the cable may be attached at this stage, but it 1is
usually difficult to harnéss. The passive mitt is infrequently prescribed;
few objects can be maintained in it and it does not prepare fhe child or
his family for the function and appearance of a hook.

By 18 to 24 months of age a cable is connected to the 12P hook

for active use. The child is now capable of operating the terminal device
and thereby may perform a great many complex bimanual activities, such as
bead stringing and use of construction toys.

At 3 to 5 years of age he may receive a 10P, a 10X aluminum hook, or

2 10 steel hook with serrated fingers. These are similar to the 12P in

function, but larger in size. "X" designates a terminal device with
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which provides finer prehension, manipulation, and

neoprene lining,
Steel hooks with serrated

greater durability than does Plastisol.
fingers are well suited for very active children.
From 5 to 15 vears of age most children are fitted successively

with 10X, 99X and, finally, 88X hooks. A 9 or 8X may be specially or-

dered for the very active boy; both are made of steel and, are more

durable than aluminum hooks.
Hands are not as functional as hooks. All children's hands are

heavier, more difficult to open, and less durable than children's hooks,
However, where cosmesis is important, particularly to parents and to
teenage girls, a passive or active hand with a cosmetic glove can be
fitted,

Dorrance child-size hands are relatively easy to operate and are
light and cosmetic. The smallest of these (Dorrance #l) is suitable for
an average-size 5 year old. Its weight, however, may be excessive for
a child with a short stump, particularly if fitted with a Muenster pros-
thesis, In addition, the 5 year old will probsbly not be able to take
adequate care of the hand and glove,

Also relatively easy to operate and cosmetic are the Otto Bock
child-gize hands, the smallest of which is suitable for an average-size
8 year old. This hand ig lighter in weight than the equivalent-size
Dorrance hand.

The Robin-Aids hand is particularly suitable for partial-hand
and transcarpal amputees, The full hand may be fitted to persons with
higher amputations, but it is less functional, considerably heavier,
and requires a stronger cable-pull to open, than the Dorrance or Bock
hand,

Wrist Units

Small constant-friction wrist units with nylon are available.
For bilateral amputees who require prosthetic simulation of wrist
flexion, two components are in current usage: the wrist-flexion unit
and the flexion wrist. The child wrist-flexion unit, unlike the adult
unit, provides only one position of palmar flexion and cannot be locked
in that position. It is more durable and easier to operate than the

flexion wrist. However, since the wrist-flexion unit must be used in

S



conjunction with a separate wrist unit, it increases the weight of the
prosthesis. To compensate for the increased length of this unit, a
correspondingly smaller terminal device or a shorter forearm may have
to used. The flexion wrist permits the amputee to pre-position his
terminal device in any degree of pronation or supination, as well as to
place the device in one of several angles of palmar flexion. However,
it is a more delicate unit and requires the child to be aware of two

planes of movement and the interrelationship between them.

Below-Elbow Components

Most sockets are double wall. An amputee with a short or very
short below-elbow stump may be fitted with a socket set in greater than
usual initial flexion at the elbow. This may be a preflexed socket
with triceps pad and figure-8 ring harness or a muenster socket with a
figure-9 harness. For the child under 1l years of age, the Muenster pros-
thesis should seldom be prescribed for two reasons:

1) it is not easily modified for the rapidly growing child and

2) suspension is difficult to maintain with the poorly defined bony
landmarks of the young child. Flexible hinges are most commonly used.
However, if elbow mobility is limited or the stump is short, a split
socket with step-up hinges or a stdmp-activated elbow lock, may be
required.

A standard figure-8 harness with a small ring is most frequently
fitted with below-elbow prostheses. Since the Infant normally has "round
shoulders," making it difficult to keep the harness properly positioned,
the figure-8 harness may need to be modified. Specifically, an anterior
strap (usualiy elastic) 1s often placed between the axilla loop and the

Y-suspensor to prevent the latter from sliding off the shoulder.

Above-Elbow Components

The type of socket used for the child with an above-elbow ampu-
tation is bagically the same as for the adult. Occasionally a unit
arm which has no elbow but, rather, is a continuous piece, may be pre-
scribed. Friction elbows, which are passively positioned, are usually
used for the child under three years of age, since he cannot successfully

operate an elbow lock before this age. For active use, there are internal
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and external elbow units available which are scaled-down versions

of the adult units.
The figure-8 harness is again the preferred harness for most

above-elbow amputees.

Shoulder-Disarticulation Components
Except for the difference in size, the sockets, the shoulder

units (bulkhead, flexion, abduction, and universal), and the elbow
units are egsentially the same as those available for adults. However,
the harness and the cable-control system often needs to be modified.
The congenital shoulder-disarticulate generally has a malformed scapu-
lar and, therefore, lacks both excursion and power. Control sites for
terminal-device operation must be found elsewhere in the body; attach-
ment of the control attachment strap to a thigh corset is one solution.
Since the child does not have a well-defined waist, a nudge control,
rather than a walst strap, may be employed for the elbow lock.

To eliminate as much friction as pogsible, a single housing may

be used. 1In this event, elbow flexion would be achieved passively.

The chart which follows summarizes child components in relation

to various age levels,
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CHAPTER 5

FABRICATION, FITTING, AND HARNESSING PRINCIPLES AND PROCEDURES

After members of the clinic team examine the amputee and formulate
a prescription for a prosthesis to meet the patient's needs, the prosthetist
is responsible for fabricating the appliance as prescribed. This chapter
outlines the principles and procedures involved in the fabrication of below-

elbow, above-elbow and shoulder prostheses.

BELOW-ELBOW PROSTHESIS

SOCKET

Fabrication begins with the socket, which must be comfortable and accu-
rately fitted to the stump to provide stability and to distribute pressure
as widely as possible. Since mechanical components are attached to the

socket, it must also be structurally sound.

Marking and Measurement
The prosthetist marks standard anatomic landmarks, all bony prominences,

and any tender spots with indelible pencil; then he measures the length of

the stump ‘and a series of girths. He also records the length of the sound

arm of the unilateral amputee for guidance in sizing the prosthesis.

Primary Cast

Plaster-of-Paris bandage is wrapped around
the stump to form the primary stump cast, or
wrap (Fig. 1).

Fig. 1

Master Mold
The prosthetist forms the master mold by pouring liquid plaster of Paris

into the hollow primary wrap. He compares the dimensions of the master mold
with the recorded stump measurements, makes any corrections indicated, and

then smooths and lubricates the exterior surface.

Check Socket

Stockinette is pulled over the corrected, smoothed master mold and is
impregnated with wax. The resulting malleable wax check socket is fitted
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to the patient (Fig. 2), so the prosthetist
can accommodate any pressure-sensitive spots.
For long below-elbow and wrist disarticula-
tion stumps, the prosthetist shapes the wax

to produce an oval "screw-driver' rather

than cylindrical contour, to permit the am-
putee to transmit most of his residual fore- Fig: -
arm pronation and supination to the socket and terminal device. The.wax
socket also allows the prosthetist to identify the axis of elbow motion and
to ascertain the location of trim lines for maximum, comfortable forearm mo-
bility. 1In general, a longer stump can control a socket with a relatively
distal anterior trim line, usually in the middle third of the forearm., Short
and very-short below-elbow stumps require higher anterior trim lines, some-
times located in the antecubital fossa. .

The check socket is perhaps the most important step in fabrication of
the upper-extremity prosthesis, for it determines the amount of comfort, pur-

chase, and mobility afforded by the socket,

Lamination Mold and First Lamination

The prosthetist pours plaster into the
check socket. He applies a separating me-
dium over the resulting mold, so that the
plastic resin which will form the socket

cannot penetrate the plaster., Stockinette :
is then pulled over the prepared mold. 1If : Fig. 3

metal elbow hinges are to be used, the hinge straps are aiigned and secured to
the mold (Fig. 3). A polyvinyl alcohol (PVA) pressure sleeve is pulled over
the stockinette, and resin is poured through the mouth of the sleeve to perme-

ate the stockinette,

Build-up, Second Lamination,and Socket Trim
After the plastic has solidified, a

build-up form of appropriate length is at-
tached temporarily to the socket, The pros-
thetist fits the wrist unit to the open
(distal) end of the form, and pours wax into

it (Fig. 4). After the wax solidifies, the
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form is removed, stockinette is pulled over the wax, and the outer wall of
the socket is laminated. When the resin has hardened the socket is cured
in the oven. The heat-curing process melts the wax which runs out of the
forearm extensidn. The completed double-wall socket is trimmed to the mar-
gins the prosthetist determined with the check socket, to provide the am-

putee with optimum fit and comfort.

CUFF AND HINGES
The cuff is fabricated of leather or
~plastic to conform to the upper arm. TE
flexible hinges have been prescribed, they
are secured to the triceps pad and socket;
otherwise, rigid metal hinges, shaped to the
contours of the amputee's arm, join a half
cuff to the socket (Fig. 5). A housing cross-
bar assembly is fixed on the upper-arm cuff

to guide the path of the Bowden cable.

HARNESS AND CONTROL SYSTEMS

Correct application and adjustment of the harness and control system are
essential for proper prosthetic function. Although the prosthetist utilizes
standard designs, the system is always custom fitted to the individual amputee,

Unilateral Below-Elbow Figure-8 Harness

With the socket and cuff on the amputee, the prosthetist lays the harness
strap (usually made of dacron) along the deltopectoral groove, up over the
shoulder, diagonally across and down the back, to form a loop around the ax-

illa on the sound side. He then checks that the harness cross 1s below the

seventh cervical vertebra and slightly to the sound side. In place of the

crogs, however, a ring may be used. The ring allows the harness to remain

relatively flat on the back when the amputee performs overhead activities,

In addition, since the straps can be buckled to the ring, adjustment is fa-
cilitated. Nevertheless, the ring is contraindicated for the very slender

amputee who is likely to be chafed by contact of the metal with his back,

and for any amputee who requires maximum harness stability.
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The inverted-Y strap is attached to the arm cuff, The control attach-
ment strap is fitted so that it passes approximately at midscapular level
and is then connected to the control cable, The cable housing is joined
to the housing crossbar assembly on the cuff and to the base plate retainers
on the prosthetic forearm. The harness is checked for comfort and function,

and the straps are sewn in place (Fig. 6).

: : Contro
Support 9 Axilly 16op attachéent
strap ‘:égg’: aLrap

.

Inverted y
suspensor

Y
LT

Fig. 6 Below-Elbow Prosthesis with Figure-8 Harness

Unilateral Below-Elbow Chest-Strap Harness with Shoulder Saddle

The prosthetist places the shoulder saddle (usually made of leather) on
the amputee. He extends the chest strap from the anterior-madial corner of
the saddle, across the chest, under the axilla and across the back to the
posterior-medial corner of the saddle. Suspension loops run through D-
rings on the medial and lateral portions of the cuff and attach to the an-
terior and posterior portions of the saddle. The control attachment strap
is joined to the saddle so the line of pull of the control strap is toward
the sound side. As the amputee goes through a variety of motions with his
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prosthesis, the saddle is observed and the attachment points of the loop
suspensors are adjusted until it is stable (Fig. 7).

Shoulde ;
saddle r ?gg;al
suspensor

Lateral

loo
susgensor

Fig. 7 Below-Elbow Prosthesis with Chest-Strap Harness with
Shoulder Saddle ' '

Muenster Below-Elbow Figure-% Harness

The prosthetist forms an axilla loop on the sound side, continues the
strap diagonally across the back and attaches it to the control cable. The
proximal cable housing may be held in position by & retainer on the posterior

proximal portion of the socket (Fig. 8).

Fig. 8 Muenster Be low~Elbow Prosthesis
with Pigure-9 Harness
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Bilateral Below-Elbow Harness
the prosthetist passes the webbing from one

To form this bharness,

inverted-Y suspensor, up over the amputee's shoulder, and diagonally down
the back to the control cable of the opposite prosthesis. He repeats the
procedure on the other side. The two control attachment straps cross

slightly below the seventh cervical vertebra.

Optional

Fig., 9 Bilateral Below-Elbow Harness

ABOVE-ELBOW PROSTHESTS

The standard above-elbow prosthesis differs from a below-elbow prosthesis
primarily in the type of elbow unit and the forearm shell, Both include sim-

ilar wrist units, terminal devices, cable systems, and harnesses.

Measurement and Fabrication

‘As with below-elbow prostheses, the prosthetist measures the length and
girth of the stump and the length of the sound arm of the unilateral amputee.
The‘sequence of steps in socket fabrication is essentially the same as followed
for a below-elbow prosthgsis. _

" The wax check socket is compressed slightly to improve purchase on the arm.
Trim lines are established according to the length and fifmness of the stump.
Ordinarily, a socket for a firm, standard above-elbow stump is trimmed so that
there is no restriction of shoulder abduction, flexion, or hyperextension. A
short or flabby stump gains stability with proximal extensions of the socket
margins while sacrificing shoulder mobility.
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After the socket is fitted to the amputee and the humeral section ex-
tended to proper length, the forearm shell, complete with wrist and elbow
units, is attached. The prosthetist adjusts the turntable so that the pa-
tient can passively produce internal and external rotation without excessive

effort.

HARNESS AND CONTROL SYSTEMS

The fitting and proper adjustment of the harness and control system are
especially important for the above-elbow amputee, since body motions must be
used not only to operate the terminal device, but also to flex the prosthetic
elbow and to activate the elbow-locking mechanism. An inadequate harness and

control system can have a markedly adverse effect on all of these functions,

Unilateral Above-Elbow Figure-8 Harness

The procedure followed for fitting the figure-8 harness on the above-
elbow amputee is quite similar to the procedure for the below-elbow amputee.
The above-elbow anterior support strap, however, has an elastic section to
provide excursion for the elbow-lock control. As the amputee directs his
humerus obliquely down and back to effect elbow locking, he stretches the elas~-
tic. Recoil of the anterior support strap is essential for the cycling mecha-
nism in the elbow unit. The elastic portion of the anterior support strap is
attached to the anterior-medial aspect of the arm.

The lateral support strap, made of nonelastic webbing, is the chief suspen-
sor of the above-elbow prosthesis. The lateral support strap is connected to a
point on the posterior-proximal portion of the axilla loop. It then passes
horizontally to the opposite side, and is attached to the proximal edge of the
socket, slightiy anterior to the acromion (Fig. 10).

FRONT SUPPORT LATERAL
STRAP SUSPENSDR

OVER« SHQUL DER

OVER- AXILLA STRAP
SHOULDER {(OPTIONAL)
T, I -
~. CONTROL
‘ i, ATTACHMENT
[ /‘__"%\/ STRAP
CROSS. BACK ‘~'Q.
STRAP
sfj‘;:?:;gn {apTionaL) \

Fig. 10 Above-Elbow Prosthesis with Figure-8 Harness
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The housing is mounted by means of a base plate or plates to the pos-

terior-lateral aspect of the arm, and the leather 1lift loop is positioned

below the elbow axis on the forearm. The position and size of the lift loop

determine the relative ease of elbow flexion.
the loop, the less force required for elbow flexion with, however, proportion-
Conversely, a shorter or more proximal

The more distal or the longer

ately greater cable excursion needed.
loop requires the amputee to provide more force, though less excursion for the

same amount of forearm motion. A compromise between excursion and effort,

the loop is approximately 1 inch high from its pivot to the anterior margin,

and is located approximately 1 1/4 inches distal to the elbow axis. The con-

trol cable passes through the 1ift loop and is attached to the terminal device
at one end and to the control attachment strap at the other., The elbow-lock

cable is joined to its control strap.

Unilateral Above-Elbow Chest-Strap Harmess with Shoulder-Saddle
The unilateral above-elbow chest-strap harness and shoulder saddle is

fitted in the same way as the below-elbow harness (Fig. 11)

SHOULDER
SADDLE

CONTRODL
ATTACHMENT
STRAP

LATERAL Loop
SUSPENSDR

Fig. 11 Above-Elbow Prosthesi
-]
Shoulder Saddle with Chest Strap Harness with
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Bilateral Above-Elbow Harness

With the bilateral harness, the control attachment strap for one pros-
thesis is brought up over the opposite shoulder and down anteriorly to the
elastic suspensor which, in turn, is attached to the socket. This is done
on both sides. The rest of the procedure is the same as for the unilateral
figure-8 harness (Fig. 12).

Anterior Lateral
support suspensor < i >
/r“"“a'EE=EF“-‘7i
"f
‘QQW

strap

Over~the=
shoulder strap
(Optional)

»
ontrol
attachment
@ strap

<

Cross~back
strap
(Optignal)

Fig. 12 Bilateral Above-Elbow Harness

SHOULDER PROSTHESIS

The prosthetist begins the fabrication of the shoulder socket by measur-
ing the sound extremity and by marking tender areas and bony prominences on
the amputated side. He measures the distance between the spinal column and
the most lateral prominence of the amputated shoulder, the hemidiameter of
the shoulder., The frontal silhouette of the torso, shoulder, and the sound
arm to the elbow are outlined on tracing paper. The prosthetist then sketches
on the tracing a symmetrically contoured prosthetic shoulder cap and arm, The
socket and arm section are fabricated to the planned contour by techniques sim-
1lar to those used for the below-elbow and above-elbow sockets. The pros-
thetist joins: the socket and arm sections by bolting the sectional plates to-
gether or by assembling a shoulder joint,
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An alternative method, used particularly for humeral-neck amputations,
{s monolith construction, in which shoulder and arm sections are completely

fused, Finally, the elbow and forearm unit and terminal device are attached,

and the control system and harness assembled, .
The basic shoulder-prosthesis harness (Fig. 13) has a chest strap which
is fitted in much the same way as the below-elbow and above-elbow chest-strap
harness. The strap is attached to the front of the shoulder cap and runs
across the chest, under the axilla, across the back, to end at midscapular
level at the control-cable hanger. An elastic suspensor strap from the front
of the cap, approximately over the deltopectoral groove, is brought up over
the shoulder to the chest strap, slightly toward the sound side of the body.

A band of dacron is fitted around the waist and the elbow-lock control

strap attached to it.

Chest Elastic Control
strap suspeasor L/ attachment
strap
Excursion
amplifier

Waistband

Fig. 13 Shoulder Prosthesis with Basic Shoulder Harness and
Excursion Amplifier
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UPPER -LIMB MEASUREMENT CHART

Prosthetist Date

Patient's Name Amputation Date

Amputation Type Rt. Left _ __ Color Guide No.

Height Age Sex: Male Female

Socket: Double Wall Single Wall Split
Muenster Shoulder Cap
Hook Hand Wrist Hinge Elbow

Shoulder Joint. - Cuff Harness Control System

Special Considerations

Acromion
Acromion
Epicondyle % Y
Styloid l Epicondyle
A
Thumb 4
Tip

: = Girth
= Length O
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CHAPTER 6

CHECKOUT OF BELOW-ELBOW PROSTHESES

The role of the checkout procedure in the prosthetic management of
amputees has been discussed previously in the chapter entitled, "Pros-
thetic and Orthotic Clinic Procedures." The purpose of this chapter is
to provide guidance in carrying out an effective checkout for the

below-elbow prosthesis.

A checkout consists of a series of tests to be performed and questions to
be answered. These tests and questions help to structure the checkout
process so that it will be systematic and thorough. (See Prosthetic

Checkout Form: Below-Elbow, Pages 98-101)

The following pages provide explanatory material on the various tests and
items and identify some of the causes of deficiencies that may be found.
It is important that sound practical judgment be exercised in executing
the checkout procedures. The tests and items on the form are intended as
guides in evaluating the adequacy of the prosthesis. In most cases, a
negative response to these items indicates a need for correction or
modification. In other instances, however, valid reasons may exist for

deviations from the checkout standards, and such considerations should

be kept in mind.

Equipment
The following pieces of equipment are recommended for use in performing
the checkout:

1. Spring scale registering up to
; 50 1bs. in 1-1b. increments

2. A smaller spring scale register-
ing up to 30 lbs. in 1/2-1b.
increments

3. Goniometer
4, Six-inch ruler

5. Tape measure

6. Wooden block, 1 3/4" long x
3/4" wide x 1/2" thick

7. Three adapters (Fig. 1)
a scale to hand
; b
b. scale to hook 7a 7
c. scale to hanger

8. Loop (Fig. 1) Fig. 1 Checkout Test Equipment
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PROSTHETIC CHECKOUT FORM: BELOW-ELBOW

Date
Name of Patient
Initial Checkout ( ) Final Checkout ( )
Pass () Provisional Pass ( ) Fail ()

If the patient needs further attention, please indicate the area in which

treatment is required;

Medical-Surgical ( ) Training ( )

Prosthetic () Other « )

(Vocational, Psychological, etc.)

Comments and Recommendations:

Clinic Chief
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Prosthetic Checkout Form: Below-Elbow

opp OTHESIS | PERFORMANCE STANDARDS
RANGE OF MOTION
1. Stump Kotation {Total Range) 3 g Total rotation with
prosthesis on should be
half that with pros-
thesis off.!
2, Elbow Flexion (For "Muenster-Type"
. prosthesis, see Foot-
Maximum Extension Angle HOEE 2
(Initial Flexion) ° °
; ; = & Active flexion with
Maximun Flexton; Angle —il —— prosthesis on should be
Range g % within 10 degrees of
range with prosthesis off.
TERMINAL DEVICE OPENINC AND CIDSIN63 HOOK HARND
l. Mechanical Range in. in.
2. Active Range (Forearm at 90 degrees) in. in. | Full opening and closing
should be obtained in all
’ . test positions.
Active Range (at Waist) in. in. P
4. Active Range (at Mouth) in. in.
CONTROL SYSTEM EFFICIENCY3
l. Force applied at Terminal Device 1bs. 1bs.
2. Force dApplied at Harness 1bs. 1bs.
3. Efficiency = Forse st lermindl Dewiee % % Should be 807% or greater
Force at Harness for single control cable
system.
STABILITY
1. Displacement of Socket on Stump Prosthesis should not
with 50 pounds Axial Load slip on stump more than
(one-third body weight for children) in. | 1 inch.* Harness should
not tear.

1
This standard applies to medium, well-formed stumps, but is often exceeded with wrist
disarticulation and long below-elbow stumps.

to attain the 507 standard.

Short or fleshy stumps may not be able

In "Muenscer" sockets, forearm rotation is eliminated and maximum elbow flexion is

considerably limited (average 105 to 110 degrees).

Furthermore, because of decreased

elbow flexion, the measurement of terminal device opening at the mouth may not apply.
However, che terminal device should open fully at maximum elbow flexion.

Fingers directed medially.

Because or the intimate fit of the '"Muenster" socket, the slippage should not be more

than % inch.
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Progthetic Checkout Form: Below-Elbow

CONFORMANCE WITH PRESCRIPTION

1.

DIMENSION

2'

Is the prosthesis as prescribed? If a recheck, have previous
recommendations been accomplished?

Is the prosthesis the correct length?

TERMINAL DEVICE AND WRIST UNIT

3. Do the terminal device and wrist mechanism function properly?
4, 1f a cosmetic glove is used, is it undamaged, properly cvior-matched,
and pulled completely onto the fingers?
3. 1If a length adapter is used, is a fairing for the hand or hook installed?
LLBOW HINGE
6. Does the elbow hinge function properly without pinching flesh or
otherwise causing discomfort?
CUFF
7. Does the cuff fit snugly without gapping during forearm flexion and
terminal device operation?
HARNESS

8. 1s the axilla loop small enough to keep the cross of the Figure 8 harness
well below the seventh cervical vertebra and slightly t. the unamputated
side? 4 - ;

9. 1Is the axilla loop properly covered and is it comfortable?

10, 1s the control attachment strap below midscapular level and does it
remain low enough to pgive adequate cable travel?

11, If there are additional harness straps, can their use be justified?

12, poes the front support strap pass through the delto-pectoral groove?

13, If a chest strap harness is used, is the saddle of proper size
and placement, and is the chest strap comfortable?

CABLE SYSTEM

14, 1f a hook is to be interchanged with a hand, is the hook-to-cable
adapter the proper length?

15. 1s the control cable free from sharp bends?

16. 1Is the housing on the control cable long enough to prevent contact of
the cable with the patient or with the prosthetic forearm, but short
enough so it does not interfere with function?

17. 1s the cable housing the proper length between the housing cross bar

and the retainer on the forearm, neither too loose nor too tight?
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Prosthetic Checkout Form: Below-Elbow

SOCKET

18. 1s the socket comfortable, especially when compression force and
torque are applied?

19. 1Is the stump free from abrasions, discolorations, and other signs of
irritation immediately after the prosthesis is removed?

WORKMANSHIP

20. 1Is the general workmanship satisfactory?

PATIENT'S PERFORMANCE AND OPINION

21. Can the patient demonstrate effective use of the terminal device and
wrist mechanism?

———

22. Does the patient consider the prosthesis satisfactory as to comfort,
function, and appearance?
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Procedures, Standards, and Techniques of Checkout

RANGE OF MOTION
A comparison should be made between the amount of motion with the pros-

thesis on, and with the prosthesis off. The purpose of these tests is
to identify any restriction of motion due to the prosthesis, and to
direct attention to possible remedial action. In order to save time,
it is advisable to take all measurements with the prosthesis off before

taking those with the prosthesis on.

Stump Rotation (Total Range)

In measuring rotation of the forearm (supination and pronation), the
amputee's elbow should be flexed to 9Q° (Fig. 2). As indicated on the
checkout form, the total rotation with the prosthesis on should be at
least half of that with the prosthesis off,

Failure to meet the standard may be due to poor fit, improper socket
trimlines, or inadequate length of the flexible hinges. If flexible
hinges are used with short or fleshy stumps, the standard may not be
attainable in spite of good socket fit and hinge placement, but every

effort should be made to obtain as much active rotation as possible.

Fig. 2 Forearnm Rotation Test
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Elbow Flexion

The method of measuring elbow flexion is shown
in figure 3. Total flexion with the prosthesis
on should be within 10 degrees of the range with
the prosthesis off, Improper trimlines of the
socket, and poor alignment of the mechanical
joint of the rigid hinge are possible causes of
restricted range of elbow flexion. With the

Muenster-type of socket, the amputee should be

able to attain approximately 105 to 110 degrees
of flexion. In addition to improper trimlines,
inadequate relief for the biceps tendon may

1

further limit flexion in the Muenster socket,

TERMINAL DEVICE OPENING AND CLOSING

The amputee should be able to obtain full
active opening or closing (depending on
the type of device) when the forearm is
positioned at 90 degrees of elbow flexion

and also with the terminal device at the

waist and at the mouth. First, the
examiner should open the terminal device
and measure the amount of mechanical range Fig. 3 Elbow Flexion Test
available between the tips of the hook or
between the tips of the thumb and index
finger of the hand. Then, ask the amputee
to flex his elbow to 90 degrees and actively
operate the terminal device. Again

measﬁre the maximum opening available.
Repeat this procedure at the waist

and at the mouth (Fig. 4). Since the
Muenster wearer will not be able to

reach his mouth, ask him to perform

at maximum range of elbow flexion.

To compute the percentage of opening

or closing, multiply by 100 the amount Fig. 4 Terminal Device Operation
(at Mouth)
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of opening or closing obtained at 90 degrees of elbow flexion at the mouth

and at the waist, then divide By the maximum mechanical range.

If the amputee cannot achieve full opening or closing in the designated
positions, it may be due to a cable housing which is too long, improper

harness or cable adjustment, or control motion limitations.

CONTROL SYSTEM EFFICIENCY

To evaluate the control system efficiency, a comparison is made between
the force required to operate the terminal device at the operating lever,
and the force required at the control attachment hanger. Position the
terminal device in the normal carrying angle (hook fingers pointing in
the medial direction). Flex the forearm to 90 degrees and disconnect the

cable from the terminal device,

Connect the scale-to-terminal- —_— : i

A
¥

device adapter to the operating

ey ”‘l
lever or cable of the terminal G
N ————
device, and insert s one-half _
EHER: edc. BiRRk: 16 the gesip of Fig. 5 Force at the Terminal Device

the terminal device. Attach the
scale to the adapter and apply
force in the same direction as
that of the control cable before
it was disconnected, as shown in

figure 5.

With a voluntary opening device,
note the force reading on the
scale at the instant the fingers
of the terminal device move away
from the block. With a voluntary

closing device, note the force

reading on the scale at the in-
stant the fingers touch the block. Fig. 6 Force at Hanger
Two readings should be taken. TIf

there is a difference between the two readings, a third reading should

be taken, and the average of the three readings recorded as the operating

force requirement at the terminal device.
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Disconnect the scale and adapter from the terminal device and reattach

the control cable. Connect the scale-to-hanger adapter to the hanger

at the control attachment strap. Stabilize the amputee's arm vertically
at the side, with the elbow flexed 90 degrees. Attach the scale to the
adapter and apply force in the same direction as that of the controtl

cable and control attachment strap, as shown in figure 6. The scale should
not dig into nor pull out from the back. Readings are taken in the

same manner as described above for the voluntary opening and voluntary

closing devices,

The control system efficiency is computed by multiplying by 100 the force
measured at the terminal device and dividing the result by the force
measured at the hanger. The efficiency should be at least 80 per cent.
If the standard is not met, it may be due to excessive friction because

of improper location of retainers, sharp bends, or frayed cable.

STABILITY
The objective is to determine if the prosthesis maintains its position

and is comfortable when a heavy axial load is applied.

Have the amputee stand with his arms at his sides. Attach the scale to
the terminal device, using an adapter or strap if necessary, and apply
a force of 50 pounds straight down, instructing the amputee to resist the
force. Measure the vertical displacement of the prosthesis with respect
to the epicondyles or acromion, as in figure 7. In spplying this test
to the person with an elbow flexion contracture or a Muenster prosthesis,
the arm should be allowed to move backward so that the forearm will be

in vertical alignment with the axial load.

A 50-pound pull should not cause discomfort,
the prosthesis should not slip from the
stump more than one inch (or half an inch
for the Muenster) and no part of the
prosthesis or harness should fail. When
applying this test to children or small
adults, the downward pull may be reduced

to a force equal to one third of the

subject's bodyweight.

Fig. 7 Tension Stability
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When the performance tests described above have been completed, attention is

directed to the items that follow to obtain further information on the fit,

comfort, and function of the prosthesis.

1. Is the prosthesis as prescribed? If a recheck, have previous
recommendations been accomplished?

The terminal device, wrist unit, socket type, and suspension should
be specified in the prescription. During the fabrication, the
prosthetist may find it necessary to deviate somewhat from the
original prescription. Approval should be obtained, however, from

the clinic chief before any modifications are made.

2, 1s the prosthesis the correct length?

The most distal portion of the closed terminal device should approximately
correspond to the tip of the thumb on the sound side. The comparison

of length is made when the amputee is standing with his arms extended at
his sides. If there appears to be a difference between the length of the
prosthesis and the intact arm, the examiner can measure from the
epicondyle or acromion process to the end of the terminal device, and
compare the result with the corresponding measurement on the contra-

lateral side.

If there 1s a definite discrepancy, check to be sure that the socket is
on completely, or whether the interchangeable plan has been properly

employed,

3. Do the terminal device and wrist mechanism function properly?

Check the fingers of the terminal device for even contact between the
surfaces, and for significant wear of the neoprene covering, if it is
used. Also determine whether the selector switch on the APRL or
Sierra-2-Load hook is functioning properly. Ascertain if the friction
provided by the wrist unit is appropriate to the individual's needs

and, if a2 locking wrist has been prescribed, determine that it functions
properly.,

4, 1f a cosmetic glove is used, is it undamaged, properly color-matched,
and pulled completely onto the fingers?

With the commercially available cosmetic gloves, it should be possible to
match the patient's own skin tones fairly closely. In evaluating the

color match, it is desirable to check the hands in natural sunlight
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because a comparison under artificial light may be misleading. In a hand
which has moving fingers the glove may interfere with function if it is
not pulled completely onto the hand.

5. If a length adapter is used, is a fairing for the hand or hook
installed?

Although absence of the fairing will not affect mechanical function of
the prosthesis, it produces an unacceptable appearance.

6. Does the elbow hinge function properly without pinching or otherwise
causing discomfort?

Have patient flex and extend his arm through the full range of motion.
The.hinge should fit close to the arm but should not interfere with
motion or cause any undue pressure.

7. Does the cuff fit snugly without gapping during forearm flexion and
terminal device operation?

If the cuff has excessive gapping, there may be a concentration of
pressure in those areas where the cuff is in contact with the skin

and the cuff will not provide a stable reaction point. Improper loca-
tion of the rigid hinge axis is a common cause of gapping.

8. Is the axilla loop small enough to keep the cross of the Figure-8

harness well below the seventh cervical vertebra and slightly to
the unamputated side?

It is important to try to avoid pressure on the prominence of the
seventh cervical vertebra, If the cross is towards the unamputated
side, the axilla loop is smaller and therefore becomes more stable;
at the same time, the control attachment strap will be longer and

allow for more freedom of motion and better alignment.

9. Is the axilla loop properly covered and is it comfortable?

In order to help keep the harness clean, the axilla loop should be
covered with a pliable plastic. If the harness is not comfortable,

the patient may rejébt the prosthesis.,

10. Is the coﬁtrol—attechment strap below midscapular level and does it
remain low enough to give adequate cable travel?

Placing the control-attachment strep as low as possible (without in-
terfering with clothing) from the center of rotation of the shoulder
joint minimizes the amount of humeral flexion required to operate

the terminal device. If the control-attachment strap is located be-

tween the midscapular level and the inferior angle these requirements

are usually met.
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11. If there are additional harness straps, can their use be justified?
On occasion it may be necessary to modify the basic harness to fit a
particular patient's needs, but it is important not to exceed the patient's
"gadget-tolerance'" and to be able to justify the need for the additional

straps.

12. Does the front support strap pass through the delto-pectoral groove?
The junction between the deltoid and pectoralis major muscles provides

a natural channel in which the front support strap may lie. If it is
placed too far lateral to this groove the harness may slip off the
shoulder. On the other hand, if it is too far medial, it will probably
be uncomfortable for the patient.

13. If a chest strap harness is used, is the saddle of proper size

and placement and is the chest strap comfortable?

The shoulder harness may be prescribed for individuals who will be doing
heavy lifting, or who cannot tolerate a Figufe-B harness because of dis-
comfort on the axilla. Therefore, it should be large enmough to dis-
tribute the pressure evenly, but small enough to minimize bulk and to
allow for good contouring.

14. If the hook is to be interchanged with 2 hand, is the hook-to-cable
adapter the proper length?

The ball receptacle on the operating cable for a hand is necessarily
placed outside the cosmetic glove. Therefore, the attachment of the
ball receptacle to the control cable is more proximal than is the
attachment to the operating lever of the
hook. This difference in length must
be made up by a hook-to-cable adapter
(Fig. 8). If the length adapter is

not the correct length, it results in
inconvenience and need for harness

adjustment when terminal devices are

interchanged,

Fig. 8 Hook-to-Cable Adapter
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15. Is the control cable free from sharp bends?

Check the cable throughout its visible length to be sure there are

no kinks or frayimg. It is particularly important that the retainers
be placed so that there is not a sharp bend at the point where the
cable exits from its housing or from the hand, as this will cause ex-
cessive friction.

16. Is the housing on the control cable long enough to prevent contact

of the cable with the patient or with the prosthetic forearm, but short
enough so it does not interfere with function?

If the cable housing is inadequate, there may be excessive friction
resulting in patient discomfort, reduced control system efficiency, and
damage to the prosthetic forearm. However, if it extends too far distal-
ly or proximally, it will interfere with the function of the terminal
device, '

17. 1Is the cable housing the proper length between the housing cross
bar and the retainer on the forearm, neither too loose nor too tight?
Have the patient flex and extend his elbow., The cable housing should
not pinch or restrict range of motion. On the other hand, if it is

too loose, it will be unsightly and interfere with clothing.

18. 1Is the socket comfortable, especially when compression force and
torque are applied?

The patient should be asked to stabilize his stump in the socket, while
the examiner attempts to move the socket on the stump. Take note of
any areas of discomfort that the amputee might mention so that special
attention may be given to these areas when the prosthesis is removed.
19, 1Is the stump free from abrasions, discolorations, and other signs
of irritation immediately after the prosthesis is removed?

Inspect the stump immediately for evidence of excessive pressure or
abrasion. Reddening of the stump is an indication of areas of pressure.
However, if the redness subsides within five minutes, and the patient
does not complain of discomfort, the pressure may be within tolerable
limits. If a stump sock is worn, the marks made on the skin by the

weave of the sock can provide an indication of the areas to which

pressure is being applied.

20. Is the general workmanship satisfactory?
The harness should be checked for fraying, incomplete stitching or

malfunctioning fasteners. Look for inadequately lamipated areas,

protruding screws, unpeened rivets and rough surfaces in the socket.
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21, Can the patient demonstrate effective use of the terminal device and

wrist mechanism?
The last two items may be eliminated on the initial checkout since the

patient probably will not have had any formal training. On a recheck,

the patient should be asked to position his hook, interchange terminal
devices and pick up objects of various shapes and weights. He should

be able to utilize the selector switch on the terminal device for

various size openings or prehension loads.

22. Does the patient consider the prosthesis satisfactory as to comfort,

function, and appearance?
Ask the amputee for his opinion of the prosthesis. After he volunteers

his overall reaction, try to obtain further information, particularly

in reference to comfort, stability, effort and appearance.,
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CHAPTER 7

CHECKOUT OF ABQVE-ELBOW PROSTHESES

The procedures and techniques for checkout of the above-elbow and shoulder-
disarticulation prostheses are, to a great extent, essentially the same as
for the below-elbow prosthesis. Where there are no significant differences,

an asterisk is placed adjacent to the item in the text.

For some items the performance standards for the above-elbow and shoulder-
disarticulation prostheses are lower than the corresponding standards for
below-elbow prostheses because of the greater complexity of the fitting and
harnessing problems involved and the biomechanical limitations imposed by the

higher level of amputation.

In other instances, although checkout procedures are the same as for the
below-elbow prosthesis, the reasons for failure to comﬁly with the standards
may be different, or more numerous, than those listed in the below-elbow

instructions. For these items additional comments are included.

The checkout form for above-elbow and shoulder-disarticulation prostheses
is shown on pages 112 to 115, The discussion of procedures, standards
and techniques on succeeding pages applies to both above-elbow and

shoulder-disarticulation prostheses, unless a specific distinction is made,
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PROSTHETIC CHECKOUT FORM: ABOVE-ELBOW AND SHOULDER-DISARTICULATION

Date
Name of Patient
Initial Checkout ( ) Final Checkout ( )
Pass £ 3 Provisional Pass ( ) Fail ( )

1f the patient needs further attention, please indicate the area in which

treatment is required:

Medical-Surgical ( ) Training « )

Prosthetic ( ) Other )
(Vocational, Psychological, etc.)

Comments and Recommendations:

Clinic Chief
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Prosthetic Checkout Form: Above-Elbow and Shoulder-Disarticulation

PROSTHESIS
TANDARDS
OFF ON PERFORMANCE S

RANGE OF MOTION

1. Shoulder Flexion "y o 90 degrees

2. Shoulder Abduction ® o 90 degrees

3. Shoulder Extension ° 2 30 degrees

4., Prosthetic Elbow: Mechanical Range = 135 degrees

5. Prosthetic Elbow: Active Range » 135 degrees

6., Humeral Flexion Regquired to Flex Should not exceed 45

Elbow Fully ° degrees.

TERMINAL DEVICE OPENING AND CLOSING1 HOOK HAND

l. Mechanical Range in. in.

2. Active Range (Forearm at 90 degrees) in, in. | Full opening and clos-
ing should be obtained
with the forearm at
90 degrees.

3. Active Range (at Waist) in. in, | 507 or greater opening

. ; . and closing should be

“. Active Range (at Mouth) — —! | obtained at waist and
mouth.

CONTROL SYSTEM EFFICIENCY1

1bs. lbs.
l. Force Applied at Terminal Device EEEern g -
___1lbs. ___lbs.

2. Force Applied at Harness 5 . Should be 707 or

3 ’ Force at Terminal Device | — . greater.

+ Efficiency = T

OECR AL Patieas Should not exceed 10
4. Force Required to Flex Elbow from 1bs. 1bs.| pounds, Should not
Position of 90 degrees cause inadvertant
terminal device operation.
STABILITY
1. Displacement of Socket on Stump Prosthesis should not
with 50 pounds Axial Load in. | slip on stump more than
(one-third body weight for 1 inch. Harness should
children) not tear.

1Fingers directed medially.
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Prosthetic Checkout Form: Above-Elbow and Shoulder-Disarticulation

CONFORMANCE WITH PRESCRIPTION

1. 1s the prosthesis as prescribed? If a recheck, have previous
recommendations been accomplished?

DIMENSIONS
2, 1s the prosthesis the correct length and do elbow levels coincide?

TERMINAL DEVICE AND WRIST UNIT
3. Do the terminal device and wrist mechanism function properly?

4, If a cosmetic glove is used, is it undamaged, properly color-matched,
and pulled completely onto the fingers?

5. If a length adapter is used, is a féiring for the hand or hook installed?

ELBOW UNIT
6., Does the elbow function properly?
7. Is the forearm set in adequate initial flexion?

8. Can the amputee swing his arms while walking and raise his elbow
60 degrees to the side without the elbow locking involuntarily?

9. Can the patient use the turntable to position the forearm
satisfactorily?

HARNESS

10, 1s the axilla loop small enough to keep the cross of the Figure=8
harness well below the seventh cervical vertebra and slightly to the

unamputated side?
11, 1Is the axilla loop properly covered and is it comfortable?

12, Is the control-attachment strap below midscapular level and does it
remain low enough to give adequate cable travel?

13. 1Is the lateral support strap properly positioned?

14, 1f there are additional harness straps, can their use be justified?
15, Does the front support strap pass through the delto-pectoral groove?

16, 1Is the elastic front suspensor of adequate length and properly
located?

17. 1f a chest strap harness is used, is the saddle of proper size
and placement, and is the chest strap comfortable?
CABLE SYSTEM

18, If a hook is to be interchanged with a hand, is the hook-to-cable
adapter the proper length?

19, Is the control cable free from sharp bends?

||

20, Is the housing on the control cable long enough to prevent contact
of the cable with the patient or with the prosthetic forearm, but
short enough so it does not interfere with function?
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Prosthetic Checkout Form: Above-Elbow and Shoulder-Disarticulation
CABLE SYSTEM (continued)

21. Does cable housing cover the cable adequately without restricting
forearm flexion?

22, 1Is the leather lift loop the proper length and is it positioned to
allow adequate terminal device operation after full forearm flexion and
heavy enough to withstand buckling during use?

23, Does the leather lift loop pivot on the screw and grip the cable
housing tightly enough to prevent slipping?

24, Does the elbow lock cable lead directly from the access hole to the
delto-pectoral groove?

SOCKET
25. 1Is the socket comfortable, especially when compression force and
: torque are applied?
26. 1Is the stump free from abrasions, discolorations, and other signs of
irritation immediately after the prosthesis is removed?
WORKMANSHIP

27. 1s the general workmanship satisfactory?

PATIENT'S PERFORMANCE AND OPINION

28, Can the patient demonstrate effective use of the terminal device,
wrist mechanism, and elbow unit?

29. Does the patient consider the prosthesis satisfactory as to comfort,
function, and appearance?
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Procedures, Standards and Techniques of Checkout

RANGE OF MOTION
With the prosthesis on, measurements are taken of the active range of motion in

shoulder flexion, hyperextension, and humeral abduction. The examiner then
asks the amputee to repeat the same motions with the prosthesis on and with
the elbow locked in the fully extended position. The above-elbow amputee
should be able to achieve at least 90 degrees of flexion and abduction, and
30 degrees of hyperextension. It is seldom necessary for the patient to
perform above the shoulder level. Also, it i1s difficult to stabilize the
socket on the stump in this position. Socket and harness fit primarily
influence the range of motion available. For short stumps, the acceptable

ranges may be slightly less than the usual standards.

A comparison should be made between the mechanical range and the active range
of forearm flexion. With the prosthesis on, manually flex the forearm section
through its full range, which should not be less than 135 degrees. If the
range is restricted, it may be due to improper trim of the forearm section,

or the elbow unit may be malfunctioning. Next, direct the amputee to actively
flex the forearm through its maximum range. If the active range s less than
the mechanical range, look for housing which is too long, poor harness adjust-

ment, or control motion limitations.

It is important to determine whether the amount of humeral flexion necessary
to flex the forearm completely is within an acceptable range. If the control
motion should exceed 45 degrees, the amputee may have difficulty working
close to the body in bimanual skills. The amputee should be instructed to
flex the forearm through its maximum range; the amount of humeral flexion
required to do this is measured by the examiner, Improper harness adjust-
ment is usually the problem if the required motion exceeds 45 degrees. Poor

cable alignment is another possible cause of difficulty.

TERMINAL DEVICE OPENING AND CLOSING

The amputee should be able to actively obtain full opening or closing

with the elbow locked at 90 degrees. However, at the mouth and waist, it

may not be possible to attain full opening, and 50 per cent may be acceptable
as a minimal standard. The difficulty is encountered because a substantial
amount of cable excursion is used to flex the prosthetic elbow and the

remaining excursion is insufficient to provide full opening or closing of the
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terminal device. The reasons for failure to meet these standards are the same

as those stated in the below-elbow instructions.

CONTROL SYSTEM EFFICIENCY

The procedure in computing the efficiency for the above-elbow and shoulder-
disarticulation prosthesis is the same as for the below-elbow prosthesis.
Because of the greater friction inherent in the dual control system, the
acceptable minimal standard is 70 per cent as compared to 80 per cent for the
below-elbow prosthesis. When an excursion amplifier is used on a shoulder-
disarticulation prosthesis, it reduces the amount of motion necessary to

" operate the terminal device or flex the elbow by one half, but doubles the
force required. It is necessary, therefore, to multiply by two the result
‘obtained by the standard procedure, to compensate for the mechanical effect
of the amplifier.

A check should also be made as to the amount of force the amputee must exert
in order to flex the forearm. While the scale-to-hanger adapter and the
scale are still attached (from the test above), unlock the prosthetic elbow
and support the prosthetic forearm so that it is horizontal. Stabilize the
socket vertically at the side and pull the scale along the normal line of
the control-attachment strap. Note the force at the instant the prosthetic
elbow starts to flex. The force required to flex the forearm should not
exceed 10 pounds. However, in the case of the shoulder-disarticulation

prosthesis, with an excursion amplifier, a force of 20 pounds is acceptable.

STABILITY
In checking this item, a fifty pound axial load is used, as was the case with

the below-elbow amputee. With the shoulder-disarticulation prostheses, and
with some above-elbow prostheses, the acromion process may not be accessible
as a stabilization point for measurement. When this occurs, the end of the
tape can be held against the seventh cervical or first thoracic vertebra to

provide a fixed point for measurement of displacement,

When the performance tests described above have been completed, attention is
directed to the items that follow to obtain further information on the fit,

comfort and function of the prosthesis.

*1, 1Is the prosthesis as prescribed? If recheck, have previous recommen-
dations been accomplished?
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2. 1Is the prosthesis the correct length and do elbow levels coincide?
The overall length of the prosthesis and the relative length of upper arm
and forearm of the prosthesis are compared to the sound side by visual

inspection. If warranted, a more precise comparison may be obtained by com-
paring the measurement from the acromion process to the axis of the prosthetic
elbow with the measurement from acromion process to the lateral epicondyle of
the humerus on the contralateral side. The forearm measurements can be compared

in the manner described previously for the below-elbow prosthesis.
*3, Do the terminal device and wrist mechanism function properly?

*4, 1f a cosmetic glove is used, is it undamaged, properly color-matched, and
pulled completely onto the fingers?

*5, If a length adapter is used, is a fairing for the hand or hook installed?

6. Does the elbow function properly?
The examiner should lock and unlock the elbow in all of the locking positions

to determine whether the elbow unit is functioning properly.

7. Is the forearm set in adequate initial flexion?
The prosthetic forearm is usually set in approximately 10 to 15 degrees of
initial flexion. This helps reduce the amount of force necessary to flex the
elbow., More than 15 degrees, however, may prove to be unsightly.,

8. Can the amputee swing his arm while walking and raise his elbow 60 degrees
to the side without the elbow locking involuntarily?

1f the amputee cannot swing his arm while walking without the elbow automatically
locking, it may be due to incorrect adjustment of the elbow-lock control cable.

9. Can the patient use the turntable to position the forearm satisfactorily?
‘The turntable should be loose enough so that the patient i1s able to position
the forearm with relative ease, but not so loose that the forearm cannot resist

a force of 2 to 2% pounds at the terminal device without displacement.

*10. Is the axilla loop small enough to keep the cross of the Figure-8 harness
well below the seventh cervical vertebra and slightly to the unamputated side?

*11. Is the axilla loop properly covered and is it comfortable?

*12. Is the control-attachment strap below midscapular level and dees it remain
low enough to give adequate cable travel?
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13, Is the lateral support strap properly positioned?
The lateral support strap should pass slightly anterior to the midline of the
shoulder to provide optimum function and stability of the socket on the stump.

*14, If there are additional harness straps, can their use be justified?
*15. Does the front support strap pass through the delto-pectoral groove?

16. Is the elastic front suspensor of adequate length and properly located?
The elastic from suspensor should be approximately 6 inches long so that
the amputee's control motions will not be restricted.

*17. 1If a chest strap harness is used, is the saddle of proper size and place-
ment, and is the chest strap comfortable?

*18. If a hook is to be'interchanged with a hand, is the hook-to-cable adapter
the proper length?

#19. Is the control cable free from sharp bends?

*¥20, Is the housing on the control cable long enough to prevent contact of the
cable with the patient or with the prosthetic forearm, but short enough so
it does not interfere with function?

21, Does cable housing cover the cable adequately without restricting forearm
flexion?

If the ends of the proximal and distal fair lead housing at the elbow impinge
when the elbow is flexed, full flexion will not be achieved because of the

interference. There should be about one-fourth inch of clearance between the

ends of the fair lead housing.

22. 1s the leather lift loop the proper length and position to allow adequate
terminal device operation after full forearm flexion and heavy enough to
withstand buckling during use?

The leather loop should be sufficiently short and positioned closely enough to
the elbow axis to minimize the excursion needed to operate the terminal device

and flex the elbow. If the loop is placed too close to the elbow or is too
short, however, the force required to operate the prosthesis may be excessive.
23. Does the leather lift loop pivot on the screw and grip the cable housing
tightly enough to prevent slipping?

The lift loop should pivot so that the cable follows a smooth path as it exits

from the housing throughout the full range of elbow flexion and extension.
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2%4. Does the elbow lock cable lead directly from the access hole to the delto-

pectoral groove?
If the elbow lock cable follows a fairly straight path, it will reduce the

amount of friction that occurs between the housing and the cable.

%25, Is the socket comfortable, especially when compression force and torque
are applied?

*26. Is the stump free from abrasions, discolorations, and other signs of
irritation immediately after the prosthesis is removed?

*27. 1s the general workmanship satisfactory?

*28. Can the patient demonstrate effective use of the terminal device, wrist
mechanism, and elbow unit?

*29, Does the patient consider the prosthesis satisfactory as to comfort,
function, and appearance?

*
Questions are essentially the same as for below-elbow checkout.
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CHAPTER 8

Amputee Training

A prosthesis may be defined as the addition
to the body of some artificial part such as a
leg, eye, or tooth in substitution for the miss-
ing member. The application may be primarily
cosmetic, as in the case of an eye, or functional
as .demonstrated by a primitive leg pylon
(peg-leg). Upper-extremity prostheses are de-
signed to provide the maximum amount of
functional regain to the amputee with as
little discomfort, effort, and sacrifice of cos-
mesis as possible. However, the attempt to re-
store the function of a lost member by a sub-
stitute mechanical apparatus presents complex
problems in the control of the apparatus.
Training is necessary to establish a satisfac-
tory amputee-prosthesis relationship, since it
is the man-machine combination which de-
termines the performance and the ultimate
amputee acceptance of the prosthesis.

This chapter presents the philosophy and
approach to training the amputee, lists the
requirements of a trainer, and defines some
of the basic concepts regarding training. In
addition, specific instructions and methods
are presented to enable amputees of various
types to accomplish representative activities.
These step-by-step procedures should not be
regarded as the only or the best way to per-
form an activity; they are furnished to record
a method that has been used satisfactorily
and has a high probability of success. This
material should be used to establish a baseline
of procedure from which the trainer can inde-
pendently develop skills and techniques of
training suited to the particular amputee.

IMPORTANCE OF RESIDUAL FUNCTION
The unilateral amputee, who retains com-

plete function in one extremity, represents the

majority of the amputee population. The uni-

lateral group may be separated into the BE,
AE, and Shoulder types, Of these types,
the Wrist Disarticulation exemplifies
the least complicated problem from the stand-
point of replacement or residual function,
since the sound side possesses normal function,
while the amputation side still has the func-
tion of the shoulder girdle, arm, elbow, and
forearm. The problem increases in com-
plexity with higher levels of amputation,
reaching a maximum with the unilateral Fore-
quarter.

The six possible combinations of bilateral
amputee may be grouped into three functional
classes:

(1) BE with BE, AE, or Shoulder (BE-

BE/AE/S)

(2) AE with AE or Shoulder (AE-AE/S)
(3) Shoulder-Shoulder (S-S)

The first class has the greatest residual
function, having in common the use of the
shoulder girdle, upper arm, elbow, and fore-
arm on at least one side — a major factor
from the standpoint of prosthetic replacement.
Amputees in the second class retain all or
partial function of the shoulder girdle and
upper arm (humerus) on at least one side.
Finally, the bilateral Shoulder amputee has
the least amount of residual function and is
the most complex problem of all the types.

It is clear that the procedure or method
of training must be specifically designed to fit
the amputee type. Since separation by am-
putee type in presenting the training proced-
ure in this chapter would be too involved, the
breakdown used is a division into BE, AE,
and Shoulder for the unilateral case, and the
three functional classes listed above for the bi-
lateral.
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Residual function can be enhanced by the
use of physical therapy, when indicated by
a physician The general physical and mental
condition should be brought to the highest
possible level before the training program is
initiated. However, certain aspects of pre-
prosthetic therapy may be carried out con-
currently with the training program.

PRINCIPLES OF AMPUTEE TRAINING

The over-all aim of training is to enable
the amputee to become as self-sufficient as
possible in all the activities of daily living,
commensurate with the amputee’s needs. Al-
though there is no clearly ‘“best” program,
there is much experience upon which to base
a procedure and selection of activities,

In the “potential” approach to training,
the amputee is trained in activities which he
does not necessarily need to perform but
which help develop complex motion patterns
that increase the potential level of perfor-
mance. Thus, a unilateral amputee may be
trained to ladle soup by utilizing the pros-
thesis as the major limb. The “practical” ap-
proach states that the unilateral should be
trained only to use his prosthesis as a helper
in two-handed activities. In light of present
information and experience, the “practical”
approach is recommended.

Choosing activities suited to the amputee’s
needs, and allowing the amputee to indicate
what additional and special training is desired,
are the best guides in organizing a program.
A very important aspect of the training pro-
gram is the evaluation of a new amputee’s
capabilities with respect to his former occupa-
tion. This should be carried out in close co-
operation with vocational rehabilitation per-
sonnel. The training program should serve also
as a trouble-shooting phase, during which the
reliability and practicability of mechanical
components can be evaluated, and malfunc-
tions or need for readjustment of harness or
mechanism can be recognized and remedied.
The program also enables further and more
intimate evaluation of individual amputee
needs and provides a means of continuous

feedback to the clinic team concerning the
physical and mental condition of the am-
putee.

If the amputee is to achieve his own re-
habilitation, he must avail himself of the
trainer’s knowledge. In order to give him this
knowledge, the amputee trainer should be
aware that the key to learning is desire and
interest or motivation. Motivation, as a con-
cept applied to amputee training, signifies that
the amputee must want to learn to use his
prosthesis effectively in order for learning to
occur. The therapist, by creating an incentive
for the amputee, can indirectly motivate the
subject to work efficiently. Time should be
taken to explain to the amputee why training
is important.

Among the goals or incentives which usually
motivate amputees to use their prostheses
effectively are:

1. Independence in activities of daily living.

2. Ability to return to the former work or
to get a better job. This involves both finan-
cial security and social prestige.

3. Improved appearance, less awkward and
conspicuous motions.

4. Ability to return to preferred hobbies
and recreations, or to learn new skills.

5. Emulation of well-trained amputees.
This is extremely helpful, provided the experi-
enced amputee is not possessed of so much
more residual function than the new amputee
that the contrast increases the latter’s feelings
of helplessness. This might happen if, for in-
stance, a bilateral Short AE-Shoulder am-
putee compared himself with a bilateral BE.
Experienced amputees who are as similar as
possible to the new amputees in age, sex,
level of amputation, physical condition, etc.,
can be of great help.

6. Feeling that progress is being made to-
ward the goals. As in other forms of physical
and occupational therapy, one of the trainer’s
most important contributions is to keep up
the amputee’s morale by keeping the goals
before him and encouraging the belief that he
is progressing toward them. This is discussed
further under Sense of Accomplishment.

7. Desire to please the trainer. The trainer’s
personality is important.
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Some Factors Which Affect Learning

Habit Patiern Interference is one of the fac-
tors which hinder learning. A noteworthy
training problem involves the congenital am-
putee and the unilateral amputee of long
standing, who have developed motion patterns
which enable them to manage most of their
daily affairs with acceptable success. For
them, learning to use a prosthesis effectively
is made difficult by interference from existing
motor habits and by lack of motivation.

Knowledge of Results The trainer must
never forget that the amputee has lost much
of his normal “feedback” system and often
cannot tell until too late whether or not he
is using a correct technique. For example, the
amputee grasping a doorknob with his hook
cannot tell whether or not the hook has been
positioned correctly until the door opens. It is
important for the trainer to let the amputee
know immediately what is wrong with the
grasp of the doorknob. Even if the amputee
is doing everything right, he may feel uncer-
tain because he cannot tell for himself, and
require reassurance.

Instructions Very often in instructing the
amputee, the trainer does not know how the
particular amputee with his particular equip-
ment should approach the task, perhaps be-
cause of the marginal function of the amputee,
the uniqueness of the task, or the lack of ex-
perience of the trainer. In this case it is sug-
gested that trainer and amputee work to-
gether until a successful method has been
evolved, when a specific set of instructions
should be detailed and followed.

Time Limits Two of the common standards
employed to measure the amputee’s learning
are the reduction of errors and the reduction
in time to do a specific activity. In training
the amputee, time standards based on experi-
ence are useful, but the amputee should never
be made to work against time standards set by
other amputees. Rather, the amputee should
strive to improve his own performance.

Age and Sex As old age approaches, ability
to learn new skills decreases. This factor can
be counteracted by additional teaching pro-
cedures to motivate the older amputee.
Studies in the field of motor learning indicate

that sex is not an important variable in de-
termining speed of learning except insofar as
it is correlated to past experience and physical
power. In prosthetics it is generally true that
the body power available to operate the pros-
thesis is greater for males than for females.
This would give male amputees an advantage
in the operation of terminal devices.

Sense of Accomplishment *“Nothing suc-
ceeds like success.” The limited data that
have been gathered on this point substantiate
the statement. Reward and feelings of success
and accomplishment apparently do more to
improve performance than a sense of failure.
In training the amputee it is wise to start off
with an activity that the amputee can readily
master. If difficult activities are attempted
unsuccessfully, reverting to a simpler activity
is helpful. The trainer should always attempt
to leave the amputee with a “sense of success.”

Problem of Handedness

What types of training activities should the
amputee trainer plan for the new amputee who
has lost his preferred hand? Should writing
and other activities which require a high level
of manual dexterity be transferred to the re-
maining bhand, or should the amputee be
trained to accomplish these activities with his
prosthesis? One of the arguments for not
transferring immediately to the remaining
hand is based on the opinion that left-handed
children who are forced to use their right
hands develop emotional instability. However,
it is now believed that such emotional insta-
bility is caused by the authoritarian parental
approach and not by the conversion to the
nonpreferred hand per se. On the other hand,
there is considerable evidence which shows
that the human is quite capable of achieving
a high level of dexterity with the nonpreferred
hand.

In view of this evidence it appears reason-
able to conclude that the new amputee who
has lost the preferred hand will, quite likely,
transfer complex activities to the remaining
hand during the pre-prosthetic period in order
to achieve independence in daily activities.
However, if the amputation is below the el-
bow, the amputee trainer may attempt to
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teach the subject to use the prosthesis for
everyday living activities, including writing.
Such training, if successful, will insure excel-
lent prosthesis use. Transfer to the nonpre-
ferred extremity can always be made at a later
time.

Methods of Determining When an
Amputee is Trained

How can the trainer establish when an am-
putee is trained? This question leads to an-
other, namely, what is meant by the term
trained”? Does it mean that the subject has
attained the best performance in all possible
activities? Obvicusly, no matter how am-
bitious a training program may be, it is always
possible to add one more activity or to im-
prove the performance of a given task. Of
necessity, therefore, the amputee trainer can
determine the adequacy of training only
within the limits set by the time available and
the evaluation technique employed.

Research methods of evaluating training are
based on the learning curve. The amputee is
trained in an activity until the performance
time remains the same on many attempts and
there is no further improvement in his facility
and cosmetic appearance indices. As an ex-
ternal check of the attained learning plateau,
awkward movements and avoidable delays
(errors in performance) should disappear
when the highest level of learning is attained.
If ten sequences or activities are employed to
evaluate training, ten learning curves are
necessary, and even in the case of the unilat-
eral BE amputee, a considerable amount of
time is involved. In addition, when using re-
search techniques, it is necessary to control to
the utmost any exiraneous variables which
may influence performance. Thus, training
must be spread over many days, test props
must be standardized, etc.

In contrast to research metheds, certain
practical techniques of evaluating training
have evolved. These techniques are admittedly
less accurate, but require less time. In some
amputee training centers a checklist is kept,
and when the amputee has performed.a group
of activities to the trainer’s satisfaction, he is
considered trained.

Requirements of the Trainer

It is nearly impossible to create a compre-
hensive set of requirements for an amputee
trainer. It is easier to specify the requirements
in terms of complete knowledge of everything
in the field of prosthetics related to training.
However, in attempting to specify the major
factors and areas in which a trainer should be
proficient, the following list has been com-
piled:

1. An ability to establish a good trainer-
amputee rapport, to motivate the ampu-
tee to want to learn to use the prosthesis
and to instill a problem-solving attitude
within the amputee.

2. A commonsense approach to training,
which considers the amputee’s needs and
which stresses practical application.

3. Knowledge of factors affecting learning.

4, Familiarity with the anatomy and kine-
siology of the upper extremity.

5. Knowledge of the body control motions
necessary to operate a prosthesis.

6. Extensive experience in training and
realization of amputee problems or, at
least, a knowledge of some special tech-
niques employed by amputees of various
types for the performance of various ac-
tivities.

7. A sound liaison with the prosthetist in
order to exchange information about the
mechanical characteristics of the pros-
thesis as related to function.

8. A complete knowledge of the functional
and mechanical characteristics of pros-
thetic components.

9. A familiarity with current developments
in the field of upper-extremity prosthetics.

AMPUTEE ORIENTATION PRIOR TO
CONTROLS TRAINING

General Considerations

The prosthesis will generally be used as an
assist to the sound limb to enable the amputee
to regain lost function. However, the role of
the prosthesis must be evaluated independent-
Iy for each amputee and for any given activity
or task.

For the bilateral amputee, at least one func-
tional prosthesis is essential. The longer stump
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_is usually the dominant side. The maximum
functional value of a prosthesis cannot be pre-
dicted; there may be much more regain than
is anticipated. The prosthesis also has limita-
tions; an amputee must not expect the pros-
thesis to duplicate the function of lost human
members. In contrast to a bilateral amputee,
a unilateral amputee does not “need” a pros-
thesis to achieve basic independence, but will
learn to depend on it in varying degrees ac-
cording to need, incentive, and successes in
attempted performance.

Since the amputee will have learned some-
thing about prosthetic components and con-
trols in the course of the fitting and fabrica-
tion procedure, some repetition may occur.
It is important during the controls training
phase to avoid establishing or reinforcing un-
satisfactory control motions or bad habits.

Wearing a Stump Sock

The use of a stump sock seems to be deter-
mined by amputee preference, considering
perspiration absorption, warmth, padding and
other such factors. Socks of cotton or nylon
stockinet are most frequently used; wool is
generally utilized where warmth or additional
padding is required. If socks are used, several
should be kept on hand to facilitate launder-
ing.
Care of the Prosthesis

Socket plastic (especially the interior)
should be wiped with soap and water daily
or as often as necessary for cleanliness. A
damp cloth should be used, rather than im-
mersing the prosthesis in water and risking
getting water into mechanical components.

The amputee should never pry or hammer
with the socket or terminal device, as shown in
Figure XII-1.

NEVER PRY

The harness should be washed when soiled.
The use of synthetic materials and the elim-
ination of leather from harnesses allow re-
peated washings without greatly shortening the
useful life. Two harnesses should be supplied
so that one can be worn while the other is
being laundered.

Selection of Terminal Device
Prehension Force

Factors which influence the initial setting
of prehension force (loading) for new ampu-
tees include:

a. The amount of resistive force the ampu-
tee is able to generate or tolerate in the
stump, axilla, or other pressure areas.

b. The actual prehension force require-
ments for use by the amputee.

In most cases the force should be lower at
the beginning of training to build up tolerance
with minimum fatigue and discomfort.

For Voluntary-Closing Devices The spring
loading against which the amputee must work
to close the hook fingers cannot be adjusted.
However, it is sufficiently low so that most
amputees can regulate the prehension force
in accordance with the VC principle.

For Voluntary-Opening Devices The
spring-operated Two-Load hook should initial-
ly be set on the light load (approximately 3.5
lbs.) and changed to heavy load as needed.
The rubber-band-operated hooks should have
a minimum of two new bands at the start.
For AE prostheses there should be sufficient
rubber bands to prevent the hook opening
when the forearm is being flexed.

The bands should be increased by the train-
er to provide an optimum prehension force
considering training requirements and ampu-
tee tolerance. A rubber band may be cut with

NEVER HAMMER

FIGURE XlI-1. Care of the Terminal Device
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scissors into smaller bands if necessary, to ob-
tain the optimum loading. Actually, number
of bands is not a good index of prehension
force since the rubbers are not uniform even
when new. Also, each model of hock (such as
Dorrance 5x, 88x, 7) will have different pre-
hension forces for the same number of bands
because of mechanical advantage, neoprene
prehension surfaces, and other characteristics.

Eventually the amputee will be able to de-
cide on the hook loading to fit his individual
needs. Adults may use from about 3 to 10 or
15 lbs. prehension force in their activities. The
rubber bands oxidize after a time and lose
their strength; they are also affected by oils,
solvents, heat, etc. and should be replaced
as needed.

Harness Adjustment

During the training phase, the harness may
stretch or take a “set” through use. This may
necessitate adjustments at all buckles. The
trainer should be aware of the importance of
proper adjustments and should make them
as necessary, under the guidance of a pros-
thetist, The trainer should teach
the amputee how to adjust the harness
so that upon completion of training the ampu-
tee can maintain the harness in proper ad-
justment. Indelible index marks on the har-
ness may aid the amputee in correctly reat-
taching and adjusting a harness after launder-
ing.

Use of T-Shirt with Harness

It is recommended that the male amputee

wear a T-shirt because it tends to keep the
hamness cleaner by absorbing perspiration, and
because the cloth serves as padding under the
harness, decreasing local irritation and pres-
sure especially in the axilla area. Some female
amputees prefer to wear the harness over the
blouse or dress.

Prosthetics Terminology and
Components

The trainer should instruct the amputee in
the use of correct prosthetics terminology and
in the characteristics of existing prosthetic

components during the training program. In
addition, any information concerning research
and new developments in prosthetics should
be shared with the amputee.

Visual and Auditory Cues

The amputee must rely on his vision to a
great extent in the performance of activities
because manual tactile sensation has been de-
stroyed as a result of amputation. Special at-
tention must be given to activities which
necessitate operating the terminal device be-
hind the body, under the chin, in a pocket,
and other places where the amputee cannot
see the terminal device. Certain components,
such as elbow units, manual lock wrist units,
and voluntary-closing TD’s, emit audible
sounds (clicks) which are used by the ampu-
tee as cues in operating the components. Audi-
tory cues are also important in diagnosing im-
pending breakdowns and malfunctions.

CONTROLS TRAINING

The trainer should be thoroughly familiar
with the body control motions and the theory
of control systems and harnessing. Table
XII-1 lists the body control motions
required by each of warious harness
and control systems to operate the prosthesis.
In addition, a thorough knowledge of the func-
tional operating characteristics of all pros-
thetic components is mandatory. This
knowledge should be increased and
kept up to date by a study of pros-
thetic catalogs, since it is beyond
the scope of this manual to cover
all available prosthetic devices.

Following is a description of specific pro-
cedures to be learned by the amputee. -Con-
trols training is presented for the unilateral
amputee, starting with BE, AE, and S types,
and then for the bilateral of each level.

BE Figure 8 Harness with Single Control
Putting on and Removing Prosthesis

ON: Amputee places the prosthesis on a
table, front side up, with the terminal device
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TABLE XII-1

BODY CONTROL MOTIONS REQUIRED FOR VARIOUS HARNESS
AND CONTROL SYSTEMS TO OPERATE PROSTHESIS

Body
Control Prosthesis
System Harness Motien Operation
Below-Elbow
Single Control Figure 8 or Arm Prehension
Chest Strap Flexion
Double Axilla Scapular Prehension
Loop Abduction
Dual Control Figure 8 or Arm Prehension
(split socket) Chest Strap Flexion Forearm Flexion Assist
Above-Elhow
Dual Control Figure 8 or Arm Prehension
Chest Strap Flexion Forearm Flexion
Arm Elbow Lock
Extension
Triple Control Chest Strap Scapular Prehension
Abduction
Arm Forearm Flexion
Flexion
Arm Elbow Lock
Extension
Shoulder .
Dual Control Chest Strap Scapular Prehension
Abduction Forearm Flexion
Shoulder
Elevation,
Extension, Elbow Lock
Flexion or
Manual

on the side of the sound arm. Amputee checks
to make sure that a) the harness is not twist-
ed; b) the distal retainer is correctly insert-
ed into the baseplate; ¢) the housing cross-

bar is secure in the leather strap; and d) the
cable housing is free of kinks.
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Amputee grasps the socket with his hand
and slips his stump under the Y-strap and
into the socket. Amputee raises the stump
with prosthesis above his head, allowing the
harness to hang. The procedure is much the
same as putting on a coat.
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Amputee then reaches across his back with
his hand, grasps the harness near the cross,
and permits the webbing to slide through his

fingers to prevent twisting until the axilla loop
is positioned. Amputee inserts his hand into
the loop, allowing it to slide down the arm
to its position in the axilla. Amputee then
shrugs shoulders to settle the harness into
place.

NOTE: As an alternate method, the am-
putee may place the stump in the prosthesis
and the sound arm in the axilla loop, working
in front of the body, then raise both arms
above the head to permit the axilla loop
to slide down the arm while the cross of the

Figure 8 slides down behind the head. This
method is similar to putting on a pullover
sweater,

OFF: Amputee raises both arms above the
head, grasps the socket and withdraws the
stump while pulling off the socket, and re-
moves the axilla loop. Care is taken not to
allow the harness to become tangled, which
would make it harder to put on next time.

Forearm Control

This requires no special training, since the
residual forearm flexion or rotation is employ-
ed to produce the same motion of the pros-
thesis, However, in the VSBE (Split Socket)

Prosthesis, stump motion 1is transmitted
through a step-up hinge to the forearm shell.
Since the stump moves at a different rate and
is in a different position than the forearm
shell, some practice is needed for forearm con-
trol. However, this control is usually acquired
by the amputee after a few practice flexions.

Terminal Device Operation

The basic control motion is flexion of the
arm (humerus) wearing the prosthesis. The
shoulder on the BE side should not flex more
than necessary to produce a normal, comfort-
able “reaching-out” motion. The shoulder on
the opposite side does not flex, but resists the
force transmitted through the harness and
acts as a stabilization area. This control mo-
tion produces opening in a voluntary-opening
device and closing in a voluntary-closing de-
vice. A method for teaching the
control motion follows:

Direct the amputee to flex the forearm to
90 degrees with arm (humerus) vertical and
to observe the slack in the control cable. (A
voluntary-closing device should be in the open
position.)

_ Stabilize the amputation-side shoulder with
one hand and grasp the prosthesis at about
midforearm with the other. Move the fore-
arm forward until tension develops in the con-
trol cable. Call attention to the feel of the
harness as tension increases, and to the re-
sistance necessary by the opposite shoulder.

Continue to move the forearm until the
terminal device operates.
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Have the amputee repeat the control mo-
tion until control of the terminal device is
mastered at various positions such as mouth,
perineum, etc.

Wrist Unit Operation

Adjustment of the unilateral amputee’s
wrist unit is accomplished by the sound hand.
For manual friction types, the terminal device
is rotated in the unit to the desired position.
The manual lock types are operated by the
sound hand.

Interchange of Terminal Devices

The amputee should be able to change TD’s
without having to remove the prosthesis from
the stump. The manual lock type wrist unit
facilitates the operation. A hook-to-cable
adapter is necessary when the interchange is
between hand and hook. '

VSBE Figure 8 With Dual Control

Putting On and Removing Prosthesis
The procedure is exactly the same as the

BE Figure 8 with single control.
Forearm Control

Since the step-up hinge is used on the VSBE
prosthesis, motion of the stump is amplified
to the forearm shell. However, when
a dual control assist is added, the
stump flexion force imparted to the
forearm shell is aided by arm (humeral) flex-
ion acting through the control system on the
lever loop. Elbow stabilization is achieved by
voluntary fixation of the stump in any selected
position. For the VSBE prosthesis with a
stump-actuated locking hinge, control of the
forearm is the same as that of the AE pros-
thesis with dual control.
Terminal Device Operation

To open or close the terminal device, the
stump must stabilize the forearm shell against
the flexion force on the lever loop so that arm
(humeral) flexion produces force which is
transmitted to the terminal device. The meth-
od is the same as given for the BE Figure 8
with single control.

AE Figure 8 With Dual Control

Putting On and Removing Prosthesis
If the AE stump is long enough, the pros-

thesis may be put on in the same manner as
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for the BE. If the stump is short, the follow-
ing method may be used:

ON: Amputee places prosthesis on a table,
front side up, and makes certain the harness
is straight, the retainers are correctly inserted
in the baseplates, and the housing is free
of kinks.

)
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Amputee inserts sound arm into the axilla
loop, raises the arm and slides the loop into
position, allowing the prosthesis to hang in
the back with the harness straight. By leaning
to the amputation side, the prosthesis is

0

moved into position so the sound hand can
reach across the front, grasp it and hold it
so the stump can be inserted. Amputee shrugs
shoulders to settle the harness into place.




OFF: The reverse procedure is used to re-
move the prosthesis.
Forearm Control

When the elbow mechanism is unlocked,
the basic arm (humeral) flexion control mo-
tion produces flexion of the forearm section.
The shoulder on the AE side should not flex
more than necessary to produce a normal,
comfortable reaching-out motion. The oppo-
site shoulder does not flex, but resists the force
transmitted through the harness and acts as a
stabilization area. A’ method for teaching the
forearm control follows:

Manually unlock the elbow. Stabilize the
shoulder on the AE side with one hand, and
grasp the prosthetic forearm with the other.

N
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Flex the forearm to about 90 degrees and
call attention to the slack in the cable caused
by that motion.
Move the forearm section forward to pro-

duce arm (humeral) flexion, and indicate that
this motion takes up the cable slack.

Ask the amputee to hold the forearm in that
position. As soon as the load has been as-
sumed, release the forearm and instruct the
amputee to bring the stump slowly back to

its starting position, which allows the forearm
to return to its extended position.

‘-

Now ask the amputee to bring the stump
forward and accomplish the same result. CAU-
TION: Place, or have the amputee place, one
hand in a guarding position near the ampu-
tee’s face to prevent the terminal device from
hitting the face if a stronger than necessary
arm flexion motion is made.

Repeat the forearm flexion operation until
speed of movement and flexion angle are con-
trolled.

Elbow Llock Centrol

The principle of operation for this control
is to increase the distance between the harness
attachment point (on the deltopectoral line)
and the elbow unit. The basic control motion
has been considered to be arm (humeral)
extension. (Since stump extension causes
prosthetic forearm extension, obviously stump
extension alone could not be used to lock the
elbow while maintaining forearm flexion).
Actually, a combination motion composed of
arm extension, arm elevation (abduction),
shoulder flexion (scapular abduction) and
shoulder depression, is needed to refine and
reduce the control motion. A method for
teaching elbow lock control follows:

Manually unlock the elbow unit. Stabilize
the shoulder on the AE side with one hand
and grasp the terminal device with the other.

Have the amputee relax. With the forearm
at 90 degrees, slowly push the prosthesis back,
producing arm extension, until an audible
click is heard and the unit locks. Hold the am-
putation-side shoulder steady during this op-
eration.
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vertical position to

Return the arm to
ow lock cable, per-
Temove tension from the Blbindex for the un-

mitting the alternator
locking phase. A faint click can be heard when

the unit indexes.

Push the prosthesis back until a click is
heard and the elbow unit unlocks.

Repeat the procedure and then ask the am-
putee to duplicate it with stump motion, while
the forearm is in the fully extended position,
making no attempt to control forearm flexion.
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in that manner, instruct the amputee to flex
the shoulder (bring the point of the shoulder
forward) as the arm stump extends. The addi-
tion of shoulder flexion should decrease the
angle of arm extension required to operate the
elbow lock.

When the amputee has mastered this com-
bination motion, add shoulder depression
(pushing the stump further down into the
socket). The combination of shoulder flexion
and depression tends to reduce still further the
amount of arm extension required.

Until this point, there has been no attempt
to control the forearm. Now proceed to com-
bine forearm flexion and elbow lock operation.
Unlock the elbow and have the amputee flex
the arm to produce about 90 degrees of fore-
arm flexion, and use the combination motion
to lock the elbow.

If the forearm falls, the stump has been
moved to the rear or extended in such a way
as to take tension off the forearm flexion con-
trol cable. This may be compensated for by
adding arm elevation (raising the stump out
from the side) to the combination motion so
as to keep tension on the cable and maintain
a constant angle of forearm flexion while the
elbow is being locked.

Have the amputee reverse the procedure
and unlock the elbow, allowing the forearm
to return smoothly to the starting position.

Repeat the procedure, guiding the ampu-
tee’s stump and shoulder by hand if necessary
to insure the proper contrel motion, until the
forearm can be smoothly and efficiently locked
and unlocked in any position of flexion.

Terminal Device Centrol

When the elbow unit is locked, further
stump flexion increases tension in the dual
control cable until the terminal device oper-
ates. However, much of the stump flexion is
used up in flexing the forearm fully, so that
less cable excursion is available to operate the
TD in full flexion. A method for teaching the
control follows:

Direct the amputee to unlock the elbow,
flex the forearm to 90 degrees, lock the elbow,
and flex the arm (bring the stump forward)
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in the same manner as for flexing the fore-
arm, while resisting the tug on the harness
with the opposite shoulder. The terminal de-
vice will operate,

Have the amputee unlock the elbow and re-
peat the procedure for various positions of
forearm flexion.

When the amputee has mastered the basic
terminal device control, provide verbal cues
for complete operations in space, such as open-
ing and closing the terminal device near the
mouth, perineum, at the side, in front at
shoulder level, etc.

Arm Rotation Control

In addition to the residual arm flexion, ex-
tension, and elevation, the AF, amputee usual-
ly retains a fair amount of arm rotation. This
residual rotation is used to provide control
of the prosthesis in medial and lateral rota-
tion. With the Standard and Short AE, rota-
tion is limited but can be supplemented by
manual control of the turntable on the elbow
unit. The Elbow Disarticulation amputee has
excellent control of this motion. This rotation
of the forearm about the arm axis allows the
terminal device to be operated closer to the
centerline of the body. To obtain arm rotation,
the amputee places the forearm at 90°, then
applies force to thé distal portion of forearm
to produce medial or lateral rotation, as de-
sired.

Wrist Unit Operation
The wrist unit is operated by the sound

hand. Operation depends on the type of unit,
which may be manual friction or manual lock.

Shoulder Prosthesis With Chest Strap

Putting On and Removing Prosthesis

ON: Amputee makes certain the retainers
are straight in the baseplates and the cable
housing has no kinks. Amputee places the
prosthesis on the shoulder stump, then reaches
behind, grasps the chest strap, straightens it
and fastens it in front. If there is an additional

axilla loop, care must be taken not to catch
it under the chest strap. The sound arm may
be inserted into the loop before fastening the
chest strap, or the loop may be put on after-
ward like a coat sleeve.

OFF: The reverse procedure is used to re-
move the prosthesis.

Forearm Control

For the basic shoulder harness with dual
control, the body control motion for forearm
flexion is scapular abduction (shoulder flex-
ion) on the amputation side. When the har-
ness is modified by addition of an axilla loop
on the opposite side, the control motion be-
comes biscapular abduction (bilateral shoul-
der flexion). A method for teaching forearm
control for either system follows:

Manually unlock the elbow. Grasp the ter-
minal device and flex the forearm to about 90
degrees, calling attention to the cable slack
produced.

Direct the amputee to flex the shoulder
(bring the shoulder forward) to take up the
cable slack. As soon as the load has been as-
sumed, release the terminal device and in-
struct the amputee to return the shoulder to
the starting position, to cause a lowering of
the forearm to the extended position.
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Now ask the amputee to flex the shoulder
to accomplish forearm flexion. Repeat the

procedure until speed of movement and flex-

ion angle are controlled.

Elbow Lock Control

The basic shoulder harness employs shoul-
der elevation to control the elbow lock. How-
ever, other controls, such as opposite shoul-
der flexion, shoulder extension, or manual,
may be encountered. The fundamental prin-
ciple of operation is the same for all: fo in-
crease the distance between the harness at-
tachment point and the elbow unit. A method
for teaching elevation control of elbow lock
follows:

Manually unlock the elbow unit. Have the
amputee elevate the shoulder (raise the
shoulder) until the lock operates, then relax to
allow the mechanism to alternate.

2\
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Repeat the procedure until the unit can be
locked and unlocked smoothly.

Proceed to combine forearm flexion with
elbow lock operation. Unlock the elbow and
have the amputee flex the shoulder to pro-
duce about 90 degrees of forearm flexion;

maintain the forearm in that position and ele-
vate the shoulder to lock the elbow.

Have the amputee reverse the procedure
and unlock the elbow, controlling the forearm
in its return smoothly to the starting position.

Repeat the procedure until the forearm can
be smoothly and efficiently locked and un-
locked in any position of flexion.

Terminal Device Operation

When the elbow unit is locked, further
shoulder flexion increases tension in the dual
control cable until the terminal device oper-
ates. However, much of the shoulder flexion
is used up in flexing the forearm, so that very
little is available to operate the TD in full
flexion. A method for teaching the control
follows:

Direct the amputee to unlock the elbow,
flex the forearm to 90 degrees, lock the elbow
and then flex the shoulder in the same way
as to produce forearm flexion. The terminal
device will operate.

Have the amputee unlock the elbow and
repeat the procedure for various angles of
forearm flexion until the operation is accom-
plished smoothly and efficiently.

Arm Rotation Contrel

The shoulder amputee retains no arm func-
tion. Arm rotation is obtained by manual con-
trol of the turntable on the elbow unit to allow
the terminal device to be operated closer to
the centerline of the body. With the forearm
at 90°, the amputee grasps the distal portion
of the forearm and applies force to produce
medial or lateral rotation, as desired.
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CONTROLS TRAINING FOR THE
BILATERAL AMPUTEE

For the bilateral amputee fitted with two
prostheses, controls training may be consider-
ed as essentially the combination of two
unilateral amputees, with some of the follow-
ing special considerations.

Cross-Controlling

Since the control systems of both prostheses
usually attach to the same harness, the force
produced by the control motion to operate a
prosthesis on one side may be transmitted
through the harness, tending to cause a partial
operation of the other prosthesis.

The position of the forearms of bilateral
AE dual control prostheses changes the effec-
tive cable excursion. That is, if the forearm
on one side is locked in full flexion (with the
arm section hanging vertically), slack is pro-
duced in the cable and harness; consequently,
more control motion is needed to obtain full
forearm flexion or hook opening on the other
side.

Conversely, if the forearm on one side is
locked in full extension, the opposite side re-
quires a minimum control motion.

The principle is important in activities, such
as eating, which require maximum flexibility
on one side without producing forces in the
cable to cause loss of prehension and the
dropping of objects. Setting the TD prehen-
sion force higher on one side may help to mini-
mize the effects of cross-controlling.

In general, the bilateral amputee will refine
and revise the basic body control motions to
suit the particular situation. Shifting the har-
ness or letting the control attachment strap
slide up over the deltoid are examples of the
type of refinement a bilateral may use to ob-
tain optimum control.

Putting On and Removing Prostheses

There are two major methods for putting
on bilateral prostheses.

OVER THE HEAD: The prostheses are
prepositioned front side up on a table with
the harness straight and the cable housing
free of kinks.

The shorter stump is inserted under the
harness and into its prosthesis first, while the

longer stump stabilizes the prosthesis. After
the longer stump is inserted, the prostheses are
raised so that the harness may be flipped over
the head and shrugged into place.

LIKE A COAT: In this method, the longer
stump goes into its prosthesis first. The stump
is then elevated, allowing the other prosthesis

to hang diagonally across the back. By lean-
ing to one side, the short stump can be in-
serted into the prosthesis and the harness
shrugged into place.
Wrist Unit Operation

This operation is much more difficult than
for the unilateral. However, rotation of the
terminal device in the manual friction wrist
unit can be accomplished by any of these
methods:

1. Pulling on the thumb of one hook with
the other to cause pronation.

2. Holding the hook between the knees and
abducting to produce supination or ad-
ducting to produce pronation.

3. Tapping the hook thumb or fingers on
the knee or other surface to produce
either pronation or supination.
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Wrist Flexion Unit Operatien

The operating characteristics of the wrist
flexion units currently available are described
in Chapter IV. The general procedure for op-
eration by the bilateral amputee is as follows:

Model A

Amputee depresses the control button with
the tips of pronated hook fingers, the edge of
a table, the knee, etc. If the line of pull of the
cable passes medial to the flexion axis of the
unit, amputee applies tension to control cable
of prosthesis to flex the TD into the desired
position, and releases the button to lock the
unit.

If the cable passes laterally, it may be neces-
sary (depending on the level of amputation)
to pull the unit into correct position with the
other hook, or to push it into place with the
knee, or make use of gravity to accomplish
this difficult operation.

To extend the TD, the button is depressed
and slack provided in the cable to allow the
spring in the unit to pull it into extension.

Model B

Amputee pushes switch lever forward to dis-
engage the unit, and flexes the unit in the
same manner as the Model A.

To extend the T'D, the movable hook finger

of the opposite TD is used to push the lever.
Then, while relaxing cable tension on the wrist
flexion unit side, the unit may be extended by
opening the hook of the other side. Thus, the
fixed hook finger pushes the TD into the ex-
tended position, while the movable finger con-
tinues to press on the lever.
NOTE: The wrist flexion unit is usually pre-
scribed for the “assist prosthesis,” which is
generally on the shorter stump. Therefore, for
the bilateral with one BE prosthesis, the BE
side will usually operate the flexion unit. The
methods described above are difficult for bilat-
eral AE'’s to accomplish. Bilateral Short AE’s
may find the Model B nearly impossible to
operate unless modified. It is recommended
that in these severe cases, extensions be added
to the operating lever or buttons to enable the
amputee to operate the unit.

CRITERIA FOR COMPLETION OF
CONTROLS TRAINING

Controls training may be considered com-
plete when the amputee has maximum control
of the terminal device in space. He should be
able to operate all components reliably with
minimum error, eflort, and body contortion
or “body English.” He should understand the
purpose of each component and the function
it is intended to replace.

It is difficult to use training time as a cri-
terion since some amputees complete controls
training in a few minutes, while others may
require a much longer training period, because
of differences in body configuration, harness
design, neuromuscular coordination, and other
factors.

Attempts have been made to define com-
pletion of controls training by the use of tests.
At present, however, relying on the trainer’s
judgment seems to be most practicable,

USE TRAINING
Basic Concepts

Prepositioning: Before attempting an ac-
tivity, the terminal device should be in the
best position to accomplish the activity. Thus,
prepositioning may involve the rotation of the
TD, flexion of the forearm, locking the elbow
unit, turntable rotation, etc., to properly posi-
tion the TD prior to attempting a task. In its
broadest meaning it may even include the
proper locating of tools or utensils to be used
in the activity. Figure XII-2 defines the TD
prepositioning terminology.

In general, the prepositioning of the com-
ponents of a prosthesis should result in an
orientation of the prosthesis in space which
resembles that of a normal limb engaged in
the same task. As a rule, most difficulties arise
because of improper prenositioning. The train-
er may find an amputee attempting to perform
some task requiring use of the hook, with the
hook in the wrong position in rotation and
with the amputee engaging in awkward body
contortions to no avail. The importance of
prepositioning cannot be overemphasized; it
is the key to the successful completion of most
activities,
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FIGURE XII-2. Termina! Device Prepositioning Terminology

Stability of Objects in the Terminal Device:
For any given object such as a knife, fork, cup,
etc., there is an optimum position in the grasp
of a terminal device to provide the greatest
stability for the activity in which it will be
used. The best position will vary with each
type of TD and can easily be determined by
trial,

Drills in Approach, Grasp, and Release

Only cne finger moves during the operation
of most terminal devices, It is important to
approach an object to be grasped so that the
stationary finger is close to the object. The
movable finger can then close upon the object
without moving the object.

This can be demonstrated by having the

amputee practice approach, grasp, and re-
lease drills (AGR) on a small wood block.

In grasping simple objects, the TD should
be prepositioned (rotated) until the prehen-
sion plane of the TD corresponds to the most
stable grasp plane of the object. As the ter-
minal device is moved about in space, the TD
prehension plane assumes various angles. It
is important for the amputee to be able to pre-
dict the position of the TD so that it may be
properly prepositioned, preventing undue
body contortion.

A drill to point out the value of proper pre-
posttioning consists of holding a ruler at var-
ious angles in space while the amputee pre-
positions the TD in rotation, approaches,
grasps and releases the ruler.

The prehension force of VO devices may to
some extent be regulated or sclected. To ac-
complish this the amputec must maintain
some tension on the control cable; this results
in less force at the TD fingers. Thus, a fra-
gile item such as an ice cream cone or an egg
can be grasped without breaking it. Drills in
this activity using a wad of paper, a paper
cup, or other crushable objects will enable
the amputee to perfect this technique.
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The prehension force of VC devices is regu-
lated by the amount of force applied to the
operating lever; release of this force causes

the TD to lock. However, unlocking requires

the application of a slightly larger force
Because of this principle, the ampu-

tee should use no more force than nec-

essary to grasp securely. If excessive force is
used, releasing sometimes becomes difficult.
Crushable or deformable objects may be
safely grasped by the VC devices, since the
proper prehension force can be selected.
Drills to develop facility in this operation
consist of having the amputee practice AGR
on various shapes of wood and rubber and on
fragile items such as ice cream cones and

paper cups.

TECHNIQUES FOR THE UNILATERAL
AMPUTEE

Dressing Activities
Trousers {Hock or Hand)

BE Procedure: Sound hand prepositions the
TD (terminal device) in about 45° pronation.

TD grasps the waistband or belt loop and
helps to pull the trousers up.

TD holds the trousers up while the sound
hand tucks in the shirt and fastens the waist
hook, snap, or button.

TD stabilizes the fabric at the bottom of
zipper to facilitate zipping with the sound
hand.

AE or S Procedure: The forearm is flexed
and locked at about 90 degrees and the turn-
table internally rotated, as necessary. The TD

L ].37&

holds trousers up while the sound hand tucks
in the shirt and fastens the trousers, belt, etc.
The working area is generally restricted to the
front of the body.

Fg

Shirt (Hook)

BE Procedure: The hook is prepositioned in
the medial (0°) position.

To unbutton the cufi, the edge of the cuff
near the button is grasped between the tips of
the third and fourth fingers and the bulge be-
low the thumb (the thenar eminence). Hold-
ing or rubbing the shirt against the body may
facilitate this operation.

The hook finger tips grasp the overlap of the
cuff near the button, opposite the long axis of
the buttonhole.

Combined motions of pulling the hook
toward the body and rotating and extending
the sound forearm produce a “peeling” of the
buttonhole over the button.



All tension must be removed from the cable
to assure maximum prehension for the VO
hook.

Shirt sleeves should be long enough to per-
mit sound fingers to position cuff easily.

Cuff circumference should be great enough
to encircle the carpus with enough freedom to
allow unbuttoning. (A button locked in the
end of a buttonhole is very difficult to un-
button).

NOT ,ﬂiz:)l
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To button the cuff, the hook finger tips
grasp the cuff near the buttonhole, opposite its
long axis.

Combined motions of the sound wrist (es-
pecially dorsiflexion) and the hook, guide the
button into the hole. The proximal edge of the
button should enter the hole first.

When the button is about halfway through
the buttonhole, the sound-side fingers can
stabilize the cuff while the hook releases.

The button is then grasped or pushed into
final position by the hook tips.

NOTE: A device to assist in the buttoning
operation may be used for speed. This is a var-
iation of the buttonhook which can be made
from a paper clip and dowel. With the proper
prepositioning, the cuff can be buttoned rapid-
ly and reliably. However, the buttonhook is
not necessary for the unilateral BE. This am-
putee type should learn both techniques and
be as independent of devices as possible.

7"

AE or S Procedure: The BE method may be
used successfully’ by Elbow Disarticulation
amputees and some Standard AE's if there is
sufficient stability of the prosthesis in arm ro-
tation and flexion. Forearm is flexed 90 de-
grees and locked. This activity is simplified
for the AE by using a buttonhook. For the
Shoulder amputee, a buttonhook is highly
recommended.
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Necktie (Hook or Hand)

BE Procedure: Sound hand prepositions TD
in rotation to achieve a comfortable and prac-
tical holding position high on the chest.

The tie is placed around the neck, under the
collar, with the small end of the tie on the am-
putation side of the body.

The small end is grasped with the TD and
all cable tension is released.

During the conventional tying operation
the prosthesis extremity usually tends to drop
gradually, thus making the small end too long
in the final knot. Therefore, the amputee
should start with an extra-short small end.

AE Procedure: The forearm is flexed fully
and the elbow locked. In order to operate the
TD near the body’s midline, arm abduction is
used. If necessary, the turntable is internally
rotated to augment arm rotation.

S Procedure: A wrist flexion unit is of de-
cided advantage in operating next to the body
in this midline position. The forearm should be
flexed accordingly, and internally rotated.

Shoelaces (Hook or Hand)

BE Procedure: The foot is raised near the
arm to reduce the undesired tension on the
cable which develops from reaching toward the
floor. A stool, chair, step or a semi-kneeling
position may be used.

The TD is prepositioned in rotation so the
hook fingers are pointing toward the knot.
They should be angled medially to achieve a
maximum visibility of the TD tips,

For the first knot, the sound hand crosses
the lace from its side into the grasp of the TD.
The TD holds the lace tightly while the sound
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hand makes the first knot. Both laces are
pulled to tighten the knot.
NOTE: The lace is likely to pull out of the
grasp of the TD. Taking a hitch around the

hook fingers after the initial grasp should pre-
vent this.

For the second knot, the TD maintains its
hold on the lace (following first knot) while
the sound hand makes a loop. The loop should
be small (about 115 inches), and is pinched in
place next to the first knot.

The prosthesis guides its lace around the
loop (over from front to back or under from
back to front) and releases its grip as the in-
dex finger or thumb of the sound hand forces
the lace through the hole it has formed with
the loop, thus making the second loop.




The T grasps the first loop and the sound
hand takes the new loop. Both loops are drawn
firmly to form the bow.

AE Procedure: The forearm is flexed to a
comfortable working position and the elbow
locked; turntable is positioned accordingly.
The procedure is essentially the same as for
the BE.

S Procedure: Because of limitations of mo-
tion and function, it is usually recommended
that the sound hand tie shoelaces.

If the amputee cannot do this, then a
special lacing method may be used, or loafer
type shoes may be worn.

Coat, Sweater, Shirt (Hook or Hand)

BE Procedure: In order to help protect the
slecve of the garment, the center of a handker-
chief may be grasped and allowed to drape
over the hook before starting into the sleeve.
This procedure will also facilitate the sliding
of a hand with plastic glove into a sleeve by
decreasing friction.

A e
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When putting on clothing, the prosthesis is
inserted into the sleeve until the TD is ex-
posed. Then the sound extremity may manip-
ulate its way into the other sleeve, and the
gannent may be shrugged into place.

AE or S Procedure: Note BE instructions.
The coat sleeve is drawn over the prosthesis
with the forearm extended. When the TD pro-
trudes from the sleeve, the forearm should be
flexed to slightly more than 90 degrees and
locked. This prevents the sleeve from slipping
off while it is being raised over the shoulder.
The AE amputee may be able to use upper-
arm flexion to advantage.

Eating Activities
Cutting Food {Hook or Hand)

BE Procedure: Hook fingers grasp flat sur-
face of fork handle. Tines point away from
thumb of hook.

Fork handle rests on dorsal surface of
thumb of hook. :

Wrist unit is rotated until fork tips rest
easily and evenly on plate surface (hook fin-
gers approximately horizontal with tips point-
ing toward the body.)

Knife is held by sound hand.

Forces on the fork to stabilize food are
exerted downward and backward (i.e., drag-
ging back motion).

Knife motion is sawing, rather than extreme
pressure downward or tearing of food.

Plasticine clay' may be used to simulate
food during training, but real food is prefer-
able. Plasticine adheres to the plate, causing
it to slip on the table surface, whereas most
food will slip on the plate.

Easily cut food, such as a baked potato,
should be attempted initially.

As an alternate method, the knife blade
may be held in the hook with the handle rest-
ing against the dorsal area of the hook thumb.
Pointing the hook fingers downward (90-de-
gree pronation) results in the proper angle of
the knife blade.
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The fork is held in the sound hand, making
transfer of cutlery for transporting of food to
the mouth unnecessary.

Unless the hook prehension force is high,
the knife tends to slide in the hook grasp.

If a hand is used instead of a hook, the pre-
positioning is as follows:

The base of the fork handle is rested on the
radial border of the tip of the middle finger,

Tines of the fork point down.

Handle of the fork rests flat on the hand be-
tween the thumb and index finger.

Hand is closed, thus grasping the base of the
fork handle in 3-jaw-chuck prehension.

Knife is held by the sound hand.

AE Procedure: Note BE instructions for pre-
positioning of TD and utensils. Arm abduction
is to be stressed. Turntable may be used if in-
ternal rotation is necessary. Forearm is locked
in the angle of forearm flexion which appears
most natural and produces the best perform-
ance. '

S Procedure: Note BE instructions for pre-
positioning TD and fork. If possible, the table
should be slightly lower than the elbow level.
The position of the turntable, the angle of fore-
arm flexion, and the position of the fork in the
TD should be altered until the performance is
deemed as effective and natural as possible. It
is unlikely that the knife will be held in the TD
by this type of amputee.

Buttering Bread (Hook or Hand)

BE Procedure: Knife blade is placed in the
hook fingers with blade edge pointing toward
hook finger tips.

Handle of knife rests against dorsal surface
of hook thumb.
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Wrist unit is pronated approximately 45
degrees.

Bread is held by sound hand.

Butter is cut and placed on the bread. It is
spread by a motion away from the body by the
lower surface of the blade.

Great assistance in spreading comes from
motion of the bread by the sound hand.

Direction of loads on the knife is critical, as
the knife may tend to dislodge.

If hand is used instead of a hook, the fol-
lowing prepositioning is used:

Knife blade is rested against radial tip of
mid-finger with blade edge pointing away from
hand.

Handle rests against hand between thumb
and index finger.

Hand is closed, thus grasping the blade in
3-jaw-chuck prehension.

AE Procedure: Note BE instructions for pre-
positioning TD and knife. The forearm is
locked in a degree of flexion which imitates the
“normal” for cutting and spreading. The
spreading motion is a combination of arm ab-
duction by the prosthesis and moving the
bread against the knife.



S Procedure: The effectiveness of the pros-
thesis for this activity is questionable. It is
probably most efficient for the sound hand to
position the bread on the plate and apply the
butter while the TD stabilizes the bread, if
possible.

Opening Jar or Bottle (Hook or Hand)
BE Procedure: The middle of the bottle is

grasped in the TD. The wrist unit is rotated
until a convenient angle is achieved.

All tension is removed from the cable to as-

sure maximum grasp, and the lid is unscrewed.

AE or 8 Procedure: Note BE procedure. The
forearm is flexed to about 90 degrees and
locked and the turntable internally rotated
as necessary to obtain a practical and com-
fortable position.

Carrying Tray (Hook or Hand)

BE Procedure: The hook fingers are prepo-
sitioned so they are in line with the tray at
waist or other preferred carrying level, approx-
imately in the medial position,

The TD and the sound hand grasp the lat-
eral edges of the tray.

Security is gained by allowing the tray edge
to insert as far as possible into the TD opening.

Tray balance should be stressed. Balance
may be improved by placing the TD farther
away from the body than the sound hand.

AE or S Procedure: Note BE instructions.
The forearm is flexed to about 90 degrees and
locked to conform to the pattern set by the
sound extremity; the turntable is internally
rotated if necessary.

If grasping the tray in the TD does not pro-
vide enough stability, the tray may be rested
on the forearm section, with grasp and balanc-
ing action performed by the sound hand.

Clerical Activities
Sharpening Pencil (Hook or Hand)

BE Procedure: For a right amputee the han-
dle of the sharpener is grasped with hook or
hand, preferably with arm abducted and
flexed and forearm flexed. Pencil is held by
sound hand,

Forearm performs the circular motion to
turn the handle.

Tension on cable must be avoided.

Difficulty is encountered if the pencil is
forced too hard into the sharpener.

If TD grip is inadequate, the arms may be
crossed. The pencil may be held by the hook
while the sound hand turns the handle.

]

For a left amputee, the pencil is grasped
with TD. Two-point contact of hook fingers
or 3-jaw-chuck hand prehension furnishes
greater stability. ;

Tension on cable should be avoided.

Pencil should be held in line with the hole
to avoid jamming, breaking and uneven sharp-
ening. Sound hand turns the handle.

AE Procedure: For a right AE, the TD may
either turn the handle or cross over to hold the
pencil. The forearm is flexed and locked and
the turntable adjusted in the most comforta-
ble and practical angle, according to the posi-
tion of the sharpener. To turn the handle, a
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combination of shoulder and stump motion
may be used effectively to produce a circum-
duction of the forearm section. Arm abduction
may be almost 90 degrees.

If the cross-over technique is chosen, the
amputee should position the body so that TD
can hold the pencil in the proper alignment
in the sharpener. The left amputee should
hold the pencil in the TD and turn the handle
with the sound hand.

S Procedure: The TD will hold the pencil in
the sharpener if possible. Since there is very
little motion of the arm section, success in this
activity will depend a great deal on the height
of the sharpener.

Writing (Hook)

BE Procedure: The pencil is grasped by the
hook fingers, with the proximal portion rest-
ing on the thumb. The hook is rotated to the
medial (0 degrees) position. If prehension

force is high enough, the pencil may be held
by the hook fingers in a semi-vertical position.

To hold the paper while the sound hand
writes, the TD is pronated about 45 degrees
or to a comfortable holding position.

A corner of the paper is pinched in the hook,
or stabilized by resting the tip of the hook
and/or forearm socket on the paper.
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NOTE: Slickness of the bare socket and hook
limits the degree of stability. A rubber “secre-
tary’s thumb” may be pinched by the hook
and its friction quality used as a holding as-
sist; or rubber surgical tubing may be slipped
onto the stationary hook finger.

AE or S Procedure: Writing will usually be
done by the sound hand. The prosthesis may
assist by stabilizing the paper,

Telephone (Hook or Hand)

BE Procedure: For the desk phone, position-
ing of the TD will vary with different receiver
models; the prepositioning should be left until
later in the activity.

The receiver is grasped with the sound hand.

If writing is to be performed with the sound
hand, the receiver is transferred to the pros-
thesis.

The mouthpiece is grasped to aid in balanc-
ing the receiver and in reaching the ear level.



It this is not practical, the handle next to the
mouthpiece is grasped.

After the receiver has been lifted to the
head, the rotation unit may then be used to
position the receiver to the ear.

It lifting the receiver is difficult because of
weight, it may be transferred to the TD after
the forearm is flexed.

The pay phone activity is basically the same
as the desk phone. The terminal device holds
the receiver while the sound hand inserts
coins, dials, writes, etc.

AE or 8 Procedure: Note procedure for the
BE. It will usually be necessary to furnish ex-
ternal assistance or manually flex the forearm
against the weight of a telephone receiver. The
amputee will probably place the receiver in
the TD when the forearm is locked at the
waist level, then unlock the elbow and assist
the lift with the sound extremity or the table
edge. The wrist unit may then be used to po-
sition the receiver to the ear.

As an alternative, the amputee may fully
flex the forearm, lock it and then insert the
receiver in the TD, if sufficient TD opening is
possible at that degree of forearm flexion.

Typing (Hook or Hand)

BE Procedure: The hook fingers are pro-
nated 90 degrees, or the 3-jaw-chuck hold is
used by the hand, to grasp an eraser or a pen-
cil, with the eraser downward. Or the hook
finger tips may be used alone.

The TD depresses the keys on its side of the
keyboard. A rounded-off supplementary pen-
cil eraser will furnish a wider contact base and
decrease the chance of the pencil catching be-
tween the keys.

AE or S Procedure: This activity can be
done by some AE’s, but it is not efficient. It is
recommended that the sound hand do the
typing.

The prosthesis is not used for this activity
by a Shoulder amputee.

Scissors {(Hook or Hand)

BE Procedure: Material to be cut is placed
in the TD. Scissors are grasped by the sound
hand.

The TD is slightly supinated until the por-
tion to be cut is easily reached by the scissors,

The area to be cut should be as close to the
area grasped as practical. This avoids “flop-
ping” of the material.

3

The material should be repositioned as
cutting angles are changed.

AE or S Procedure: Note BE procedure. The
forearm is internally rotated, flexed, and
locked to provide the most effective working
position,

Other Clerical Activities: Newspaper Reading,
Use of Ruler, Stapling, Clipping, Gluing,
Opening Envelopes

These and other clerical activities may be
suggested and introduced by the trainer.

Although not essential to accomplishing the
activity, the prosthesis may improve per-
formance by serving as a prehension holder
or stabilizer.

Household Activities

NOTE: In the following activities, no tech-
niques are given for the Shoulder amputee.
The functional Jimitations are so great and
Shoulder amputces differ so much in function
that specific techniques cannot easily be given.
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The trainer should familiarize himself with
the procedures for unilateral BE and AE, and
then work with the Shoulder amputee to de-
velop techniques that fit the needs of the par-
ticular case.

Dishes (Hook)

In order to achieve the greatest security of
grasp while washing dishes, the dishes should
be held in the sound extremity whenever prac-
tical. .

Depending on the individual’s preference, a
dish mop, a home-made mitten, a cellulose
sponge, etc., is held and manipulated by the
TD.

Detergents should be avoided, since they
tend to dissolve the lubricating oils in the
hook and wrist unit mechanism.

The amputee who engages in frequent dish-
washing should continually clean and oil the
stud threads and bearing of the hook.

The AE may prefer to hold the dish in the
TD while the sound hand washes it. If this
method is used, a hook mitt or sponge hook
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finger covers may be constructed and used to
advantage.

When drying dishes, the sound hand holds
the dish while the TD grasps the towel.

The towel is gathered or bunched in the
hook to pad the mechanism and furnish an
absorbent drying area. Terry-cloth (“Turkish
toweling”) dish towels are helpful.

Egg Beater {Hook)

The TD holds the beater in position while
the sound hand turns the mechanism.

ironing {Hook)

The sound hand manipulates the iron. The
TD is used to stabilize and position the mate-
rial.

Rubber surgical tubing may be pulled over
the stationary hook finger to increase the fric-
tion for smoothing out the fabric.

Can Opener, Wall Type (Hook)

Sound hand positions the can in the opener
mechanism.

The TD moves the lever or handle to lock
the opener. Sound hand then turns the handle
to open the can. Then the hand holds the can
while the TD unlocks the opener.

Sweeping (Hock or Hand)}

The TD is generally used as the assist,
chiefly as a pivot and supporting point. The
major force comes from the sound extremity.

The broom handle is grasped by the TD ap-
proximately 18 inches from the top. It rests
in the open area between the hook fingers.
The sound hand grasps the top of the handle.

Experimentation in the degree of hook po-
sitioning is necessary. Some amputees prefer



the hook fingers pointing upward, others
downward, Generally, they point in line with
the broom handle. For the AE, the elbow may
be locked or unlocked, according to individual
preference.

Other Household Activities: Preparing
Vegetables, Pudlock and Key, Sewing

These activities and others which are re-
lated to household activities may be suggested
and introduced by the trainer.

The prosthesis is generally employed as the
holder or stabilizing assist. Individually pre-
ferred patterns may be worked out by the am-
putec and trainer, utilizing prepositioning to
orient the prosthesis and TD for performing
each task.

Workshop Activities

NOTE: In the following activities, no specific
techniques are given for the Shoulder amputee.
The trainer should familiarize himself with
the BE and AE material and work out activi-
ties in which the prosthesis can definitely be
used to advantage,

Hammering Neails {Hook)

Long nails may be held in the hook fingers
or rubber band guard. Hook is pronated 90
degrees so the nail is perpendicular to the
wood. For short nails, the hook is supinated
90 degrees and the nail inserted between the
fingers.
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The hook should rest on the surface of the

Wf"Od- Some positioning may well be accom-
plished by body compensation, but for ease

and skill, this should be minimal, thus allow-
ing concentration on the hammering activity.

When correctly positioned, the tip of the
nail should just contact the wood. Care and
accuracy during the initial stroke result in a
greater degree of success.

Mallet and Chisel (Hook)

The chisel is handled with greater skill if it
is not held in a rigid position in the TD. Care
must be taken, however, to assuie a safe hold.

If a manual lock wrist unit is used, it may
be unlocked to allow facility in changing cut-
ting direction. With a TD having a rubber




band guard, the chisel is inserted behind the
guard; the rubber bands help to prevent its
slipping, act as shock absorbers, and at the
same time allow freedom of motion. The usual
safety precautions should be observed.

Brace and Bit (Hook)

The prosthesis supports the brace in a ver-
tical position while the sound hand inserts or
extracts the bit and operates the 3-jaw-chuck
of the brace. When drilling on a vertical sur-
face, the amputee generally operates the brace
with the sound hand and supports the brace
by resting the end against the body. However,
the TD may grasp the brace and assist in sup-
port or may even turn the bit. If desired, the
brace handle may be modified for additional
stability of grasp by flattening or notching
the handle to fit the TD.

When drilling on a horizontal surface at a
level where the chest cannot be used for sup-
port, the prosthesis is best used to turn the
brace while the sound hand stabilizes it. This
technique requires a high degree of skill to be
effective.

Vise (Hook)

Either the sound hand or the TD may be
used to stabilize the wood in the vise while it
is clamped into place. For the BE, either may
actually screw or unscrew the vise. The sound
hand does the final tightening and initial
loosening.

For the AE, the tightening will probably
be done by the sound hand.
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Plane (Heok)

Small (box) planes may be operated with
skill without the assistance of a prosthesis.

For larger (jack) planes it is advisable to
employ both extremities for greater skill as well
as safety. The contoured handle is held by the
sound extremity. The knob is held by the
prosthesis, which assists in directing the tool,
as well as provides force assistance.

AW

The AE amputee may unlock the elbow to
allow a long, smooth planing motion, or leave
it locked in order to get more force.

Miscellaneous Activities
Wallet (Hook or Hand)

TD holds the wallet, preferably gripping it
in the middle for balance and at the top edge
to prevent “pinching’ the currency in the grip.

The sound hand can then remove the cur-
rency or coins.

The AE and S amputees should flex and
lock the forearm at about 90 degrees.

Lighting Match (Hook or Hand)

The book matches are held in the TD by
pinching a corner of the “strike area.” The
flap is opened and the match struck by the
sound hand.

The AE or S amputee should preposition
the TD and lock the forearm in the most de-
sirable angle of flexion.



Shoking Hands

The right amputce may shake hands in a
natural manner by extending his sound arm
and inverting his hand. The left amputee is
not concerned with this.

Driving o Car

The actual turning of the steering wheel
while driving will usually be done by the sound
extremity.

However, if the prosthesis has sufficient
function, performance can be considerably im-
proved by using the prosthesis to assist the
sound arm in turning the wheel or stabilizing
it while the sound arm momentarily performs
some other activity.

One item of special equipment engineered
in the interest of safety and comfort is the
Northrop-Sierra Driving Ring. It is commer-
cially available from most prosthetic suppliers.

In use, the ring is first attached to the steer-
ing wheel in either the 9 o’clock position (for
the left amputee) or the 3 o’clock position (for
the right amputee). The ring can later be

moved to satisfy the amputee’s preference
after trying it.
,l

)‘

\

The hook fingers are rotated SO they can be
inserted into the driving ring. The fingers are
secure in the ring for turning forces but can
be easily slipped out of the ring when desired
or in emergencies. Neither the ring nor the
wheel should be grasped by the hook fingers;
it is easy to get the fingers locked or bound up
when the wheel is turned.

The motion required for steering with the
TD in the driving ring is essentially the same
as the motion of a sound arm turning a steer-
ing wheel equipped with a “spinner” knoh.

The unilateral AE should have the zlbow
unlocked if the prosthesm is used to assist in
driving.

It is doubtful if a Shoulder prosthesis will
be of any value to assist in driving.

The left knee or top thigh surface can be
used to assist the sound extremity in stabiliz-
ing the wheel.

TECHNIQUES FOR THE BILATERAL:
BE-BE/AE/S

The trainer should review the techniques
employed by the unilateral amputee before
initiating bilateral training, and should be
familiar with the prepositioning terminology
shown in Figure XII-2 and the amputee type
notation at the beginning of this chapter.

This section of the chapter presents activi-
ties suitable for use in a training program and
techniques to be used as a guide. Each activi-
ty must be worked out and evaluated for the
individual amputee.

All complex manipulation techniques pre-
sented here assume use of a hook with rubber
or neoprene-lined fingers.

Dressing Activities
T-Shirt

Putting on a T-shirt is made easier by first
straightening the shirt out on a flat surface.
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The BE stump is inserted first into its sleeve,
up to the fold of the elbow. The shirt. is raised
above the head and the head inserted. Then
the arm is lowered, the shirt drawn over the
head and shrugged into place.

Brossiere

A strapless bra or one that fastens in front
is recommended. Strapless bras may be
fastened in front and then turned around, or

in some cases, fastened first, then put on over
the head.

Stump Socks

The prosthesis now may be put on after the
T-shirt is on. If stump socks are desired by the
amputee, they should be placed on a flat sur-
face in position for being pulled on. One stump
is Inserted into a sock while the other stump
assists by holding and rubbing the sock into
position. The teeth are then used to pull the
socks tight aud hold each in position if neces-
sary while the prostheses are put on.

Undershorts or Underpants

The shorts or panties should be positioned
properly before being grasped with the termi-
nal device. The TD need only hold the gar-
ment while the legs are inserted. Then the BE
prosthesis can be used to pull the shorts up.
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Shorts with an elastic waistband instead of
buttons or snaps should be used to make the
task simpler. {Stumps alone may be used to
perform this activity, in lieu of prosthesis.)
Socks

The sock should be held in position by the
BE side TD while the foot is inserted part-way
into the sock. At this point, a new grip should
be taken to twist the sock over the tip of the
TD in order to prevent the sock from slipping
out when force is applied to pull the sock into
position. Carz should be taken to avoid poking
a hole in nylon or silk socks.

Shoes

Although some bilateral BE amputees can
lace and tie shoes in the conventional manner,
most bilaterals should wear shoes of the loafer
or zipper type. If shoes with laces are desired
they should be laced in a special manner to
simplify the tying operation. The accompany-
ing illustration shows a common method for
lacing a shoe.

i
After the foot is inserted into the shoe, the
lace is tightened, working progressively from
the bottom to the top. This can be accom-
plished by inserting the hook tips in between
the lace and the shoe tongue and pulling.

To tie the knot, the free end of the lace is
grasped about two inches from the eyelet so it
forms a loop. Then -the loop is pushed under
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the crossing lace to form a simple knot as
shown, The loop is released, a new grip taken,
and the knot tightened by pulling toward the
eyelet.

Shirt

The cuffs are buttoned before the shirt is
put on. The assist TD holds each cuff down on
a flat surface while the dominant TD works
the hole over the button, The cuffs need not
be unbuttoned again since they will slip over
the TD’s.

The assist prosthesis is inserted into its
sleeve first until the TD protrudes. The fore-
arm is flexed 90° (and locked if on AE or S)

to hold the shirt while the dominant TD works
the shirt up over the shoulder. Then by lean-
ing to the dominant side, the amputee can
reach behind, insert the prosthesis in the
sleeve and shrug the shirt into place.

The shirt can be buttoned by most BE-BE'’s
and some BE-AE’s in the following manner;

The button side of the shirt is stretched
tight, either by pulling down with the assist
TD or by leaning against the edge of a table.

The dominant TD grasps the shirt near the
bottom buttonhole and works the buttonhole
over the button. The operation progresses
from the bottom button to the top.

A buttonhook should be used for the top
button. A mirror is also required to enable the
amputee to see the collar button area. A wrist
flexion unit can be used to advantage when
working in this area. The buttonhook is
grasped in the TD and pushed through the
buttonhole. The button is then hooked and
pulled through the hole.

If desired, the buttonhook may be used
for the whole buttoning sequence.
NOTE: Many bilateral amputees wear shirts
with sleeve length short enough to keep cuffs
out of the way of the thumb path when the
TD is operated.

Trousers or Skirt

The belt is threaded through the belt loops.
The dominant side TD grasps the belt loop
and holds the trousers or skirt in position. The
amputee inserts the legs into the trousers or
skirt; either the sitting or the standing posi-
tion may be used. The garment is pulled up
to the waist.
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The assist prosthesis is flexed to 90° (and
locked if an AE or S). The hook grasping a
belt loop, holds the trousers or skirt up while
the dominant side stuffs the shirt inside the

waistband.

The waistband should have a hooking clasp
fastener rather than a button or hooks and
eyes, and should be loose enough around the
waist to make the fastening easier. The domi-
nant TD can do the fastening while the assist
holds.

Once the waistband is fastened, the fly or
placket can be held taut by the assist TD if
possible, or by the edge of a table, while the
other hook grasps the zipper tab and zips up
the fly. A small keychain or an inconspicuous
loop of leather, ribbon, or chain may be at-
tached to the tab for easier grasp.

The dominant hook then buckles the belt.

Necktie

_ A wrist flexion unit on either side is of con-
siderable help in accomplishing this activity.

The tie is placed under the collar so the
small end is on the dominant side. The assist
limb is prepositioned to bring the TD to the
front and center of the chest so the small end
of the tie can be grasped.

The assist TD grasps the small end and
brings it across the chest to form a cross with
the long end overlying.

While the assist TD holds the short end, the
dominant TD fashions the desired knot.

Once the knot is made, the tie may be kept
tied and slipped on and off as desired.

Some amputees may prefer the “already-
tied” type.

Sweater

A cardigan type sweater is recommended
rather than a pullover type. However, a BE-
BE can don a pullover without much difficul-
ty. The technique for donning the cardigan
type is similar to that for a coat.

Coat

The dominant side holds the coat so that
the assist prosthesis can be inserted into its
sleeve. As soon as the TD protrudes from the
sleeve the forearm is flexed to 90° {(and locked
if an AE or S) to hold the coat while the dom-
inant side pulls the coat up over the shoulder
and is inserted into its sleeve.

The coat is then shrugged into place and
the large buttons fastened without a button-
hook in a manner similar to the shirt,
NOTE: The flexion of prosthetic forearms (es-
pecially AE and S) may be difficult because of
the additional weight and restriction of the
coat sleeves,
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Eating Activities
Cutting Meat

The dominant hook is prepositioned at
about 90° pronation. Assist hook is in the
medial (0°) rotation position. If the assist
arm is an AE, the forearm should be flexed
{about 90°) to allow the TD to rest on the

table top near the plate.

The dominant TD grasps the fork and turns
it over.

The assist TD then grasps the fork near the
tines.

Dominant TD positions the fork in the hook
finger-thumb hold. This can be accomplished
by pulling the fork handle in place with the
hook or by pressing down on the end of the
fork to pivot it into place. The friction surface
of hook rubber bands may be used to advan-
tage in this positioning.

F'\

b

The dominant TD then grasps the knife
blade near the handle. The knife is positioned
by the assist TD into the hook finger-thumb
hold in the same manncr as the fork.

The fork is pressed into the food to stabi-
lize it with a downward and backward force.

The knife cuts the food with a sawing mo-
tion and medium force. A serrated blade will
require minimum force to cut.

NOTE: The BE/S amputee may have con-
siderable difficulty with this activity because
of the immobility of the S prosthests. Also,
the amputee should avoid cross-controlling or

inadvertently applying tension in the control
cable, causing the utensils to drop.

After cutting is complete, the knife is piv-
oted out of its finger-thumb position, then
positioned over the plate edge and gently
released.

The same thing is done with the fork. It is
then turned over by the dominant side, and
positioned for carrying the food to the mouth,

Buttering Breod

Dominant TD is pronated about 45°. A
slice of bread is grasped and positioned on the
plate or table. Maintaining tension on the
control cable will prevent the hook fingers
from pinching through the bread.

The assist prosthesis is positioned to sta-
bilize the bread; the TD is pronated about 90°
and the forearm flexed (and locked if AE) as
necessary to obtain the proper position.

The knife blade is grasped by the dominant
TD near the handle and pivoted into the same
finger-thumb hold as for cutting.

Soft butter is cut in such a manner that it
can be transported to the bread on the lower
side of the blade and spread.

Drinking

Glass: The dominant TD is prepositioned in
90° pronation. The glass may be picked up
either with the hook fingers encircling .it or
grasping the rim on the distal side.
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Cup: The cup may be held in the same
manner as the glass. As another method, the
bottom of the cup handle can be grasped
with the TD in the medial (0°) rotation po-
sition. In this hold, the handle will be stable
in the hook fingers.

NOTE: Stable grasp is a function of cup han-
dle design and prehension force. If the cup
extends below the handle, the cup will rest
against the stationary hook finger and be sta-
bilized against a downward force. If the pre-
hension force is sufficient, stability will be
afforded in the medial-lateral direction.

Opening Jar or Bottle

The assist TD is prepositioned in 90° pro-
nation and the jar grasped in the middle. The
prosthesis is prepositioned in such a manner
as to hold the jar firmly against some surface.

The dominant TD is rotated to 90° supi-
nation and the lid or cap is grasped.

A small amount of dominant arm flexion
and abduction is used to start to unscrew the
lid. Then the hook is opened and the rubber

prehension surface of the stationary finger
utilized to work the lid the rest of the way off.

The reverse procedure is used to close the
jar.

Carrying o Tray

Both TD’s are prepositioned in the medial
(0°) position.

The tray may be grasped by both TD’s. The
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dominant TD should grasp the tray farther
out from the body for stability.

If the assist side is an AE or S, the forearm
should be locked at 90°. If desired, the tray
may be rested on the forearm section instead
of being grasped.

Opening Beverage Can

The assist TD is rotated to 90° pronation
and the can is grasped and stabilized against
a surface.

The dominant TD is placed in the medial
(0°) position. The can opener is then grasped,
positioned on the can and gentle pressure ap-
plied by elevating the arm.

Hondling Sandwiches
A sandwich is best held in the dominant
TD, with tension maintained in the control
cable to keep the hook fingers from cutting or
crushing. ;
Waxed paper or a sandwich bag should
cover the half of the sandwich under the hook

fingers.




Personal Hygiene

NOTE: Prior to dressing or putting on the
prosthesis, the stumps may be used to advan-
tage in some of the following activities.

Bathing

The water faucets can be operated by the
BE stump.

The washcloth (and towel) may be wrapped
around the end of the stump or held in the
fald of the elbow and stabilized by the op-
posite stump if of sufficient length,

Special modifications to the cloth may be
made, such as sewing on a strip of elastic into
which the stump can slip. Each end of the
towel can be folded over and sewed to form
pockets into which the stumps can be slipped.

Rinse water may be scooped up to the face
by the fold of the elbow,

Brushing Teeth

Toothpaste is .
powder. The camel'e convenient to use than

P May be remg i

e i 5 1, 2 e by v
The toe tsl:umps Or in the elbc.g fPi.d Y

. w i
elbow fol:l) w:)lrl:li::lb-g‘ﬁse Mmay be ield in the
m‘f;.il’:f“y 3tnd lateray) ls:l)e *;:‘d positioned both

1S activity m * brushing

prostheses. Tho .+ Y 98 pero o .
dominant Ih. 1;.0 gthbr\i}:@"ned w1Ph ::c
The brush is first teh g iy 1s held in r:3

Posiy;, Pinated about 45°.

fed with the bristles

e |

l”l'iii.]-ﬁi'%li‘r (137

up and toward the medial side—then changed,
bristles downward, in order to reach both sides
of the teeth.

Head motion may be necessary to facilitate
proper brushing.

Shaving

The operations of applying shaving cream,
changing the razor blade and drawing the
safety razor across the face to remove the
beard, may be accomplished with the stumps
after practice; however, the stumps must be
long enough to hold the razor in the proper
position. Head motion is used while holding
the razor steady.

Certain types of razors with blade dispens-
ers lend themselves rather well to blade chang-
ing.

However, by far the simpler method for
shaving is to use an electric razor; shaving
may be accomplished by holding the razor be-
tween the stumps if they are of sufficient
length.

It is desirable to have a very wide rubber
band around the body of the razor to prevent
it from slipping from the grasp. Also, it is wise
to cover the washbow! (or any hard surface
over which the shaving operation is per-
formed) with a folded towel to minimize
damage to the electric razor, if is accidentally
dropped.

As an alternative, the prosthesis may be
put on and the electric or safety razor held in
the properly prepositioned hook. Either a
brush or a shaving stick is handy for applying
shaving soap when the TD is used.



Combing Hair

The dominant TD should be correctly pre-
positioned so the comb can be grasped and
drawn through the hair. Usually 45° to 90°
of TD supination is necessary.

Care of the hair for a woman is largely de-
pendent on the hair style. Loose, casual hair-
dos are recommended. Considerable experi-
mentation must be done to find the best
method.

Cosmetics

Cosmetics can be applied with the dominant
TD; some women amputees prefer to use the
stumps alone. Lipstick cases that are opened
by sliding a button, rather than by unscrew-
ing, are recommended. A square case can be
held easily in the TD. Sliding the button to
open the case and bring up the lipstick can be
done with the mouth or the assist TD.

Toileting

Urination and defecation can be ac-
complished independently if the amputee can
handle the clothing. The amputee’s ability to
operate belts, zippers and fasteners will deter-
mine how easily this can be done. These prob-
lems are discussed in dressing techniques.

The process of wiping after defecation can
usually be executed without too much difficul-
ty since the dominant (BE) side has sufficient
mobility to position the TD in the proper area
to perform the activity.

The dominant TD unrolls enough toilet
tissue to fold into a square pad about six
layers thick. The tissue can be held on the
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surface of the thighs during the folding opera-
tion.

The TD grasps the pad of tissue by pinch-
ing it in the center. Then the TD is rotated to
about 45° to 90° supination. The amputee
can reach behind the body and place the TD
and tissue in position for wiping.

The front approach may be used if desired,
but there is more tendency to apply force to
the control cable and open the hook inadvert-
ently.

General
Driving a Car

The BE-BE/AE/S class of amputees can
drive a car with conventional steering and
shift and with no special equipment or modi-
fication; however, automatic transmission and
power steering greatly simplify this activity.

One driving ring (as discussed in the uni-
lateral techniques section) is required. If both
extremities have enough function to perform
the activity, two rings may be installed so
they can be used alternately. Otherwise, the
dominant BE side can manage.

However, in this case, modifications to the
controls are usually desirable. The turn signal
control can be located and modified so it can
be knee-operated, and the shift lever can
be lengthened if necessary. Ignition, light,
starter and other switches may need to be re-
located to make the task easier for the “one-
TD"” operation.

Friction in the wrist unit should be great
enough to prevent the hook from rotating
while turning the wheel.

Wallet — Bills and Coins

The dominant TD is prepositioned so the
hook fingers can reach into the pocket and
withdraw the wallet. It is opened (using the




thigh for a table if necessary) and placed in
the assist TD so the currency can be removed.

With practice, the TD can reach into a
pocket and remove coins. Shaking the TD in
the pocket helps to orient the coins in the
grasp of the TD.

However, a small coin purse, preferably the
compartmented type, is recommended. The
purse is easier to withdraw from the pocket.

In picking a coin from a table, the hook can
be opened and the movable finger prehension
surface used to slide the coin to the table edge.
Then with a quick coordinated motion of
pulling the coin off the table and snapping the
hook shut, the coin can be grasped. The coin
may be picked up with the hook tips if finger
shape permits.

When receiving change, it is often helpful
to have it stacked and placed in the TD’s
grasp or picked up from the edge of the coun-
ter.

Smoking a Cigarette

Prepositioning must be worked out depend-
ing on the type of cigarette pack and in which
pocket it is carried.

In many hooks, the cigarette may be held
without crushing between the fingers in the
area where the fingers converge to form the
prehension plane.

Paper book matches can be held in the as-
sist hook while the dominant hook removes
and strikes a match.

Telephone

The desk phone can either be held by the
dominant TD or positioned in the assist TD.
The receiver may be removed from its cradle
and placed on the table to obtain the desired
grasp position. The technique is discussed in
the unilateral section.

The wall-type pay phone presents a much
more difficult activity. Holding the receiver
or dialing can be accomplished by the BE-side
TD. The problem is inserting the coin into
the coin slot.

If the amputee has sufficient residual func-
tion to operate both TD's at the coin slot, the
coin can be held flat in front of the slot in one
TD while the other TD taps or pushes it into
the slot. To position both TD’s in front of the
body without having tension in the control
cables to cause inadvertent hook opening, the
amputee can shift the harness up in back so
the control zttachment straps ride up over the
deltoid muscles. This will allow more freedom
of movement.

The pay phone task is one which requires
much work and practice in prepositioning.
Unlocking and Opening Doors

The dominant TD can turn the key to un-
lock a door by the use of arm abduction or ad-
duction.

The same applies to turning a doorknob. It
is important to have a secure grip; prehension

o

force should be sufficient. Neoprene or rubber
hook finger lining greatly improves perform-
ance in this activity.
Operating Faucet Handle

The hook fingers are prepositioned so the
hook grasps the faucet handle. Then by ab-
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ducting the arm, the hook fingers will apply
force to open the faucet. Or, the TD may be
used to tap the handle into open or closed
position.
Handling Liquids

Flexible plastic bottles are very useful for
holding and dispensing liquids. The flexible
surface provides greater security of grasp. Var-
jious types are available from housewares and
cosmetic departments and chemical supply
houses.

Note
Additional specialized activities, both voca-
tional and avocational, should be introduced
by the trainer. The trainer and amputee
should work together to develop successful
techniques for performing the activities, utiliz-
ing and adapting techniques found in the uni-
lateral section. The concept of prepositioning
the TD’s and prostheses for optimum perform-
ance and the attitude of inventing and devel-
oping step-by-step procedures for the solution
of the problems should be basic factors in the
amputee-trainer relationship.
The following is a list of suggested activities:
Clerical '
Pencil Sharpener
Writing -
Handling Newspaper, Books
Opening Envelopes
Household
Padlock and key
Washing Dishes
Sweeping
Can Opener
Peeling Vegetables
Ironing
Plugging in Electric Cord
Operating Electric Switches
Pouring from Cartons or Bottles
Picking up Objects from Floor
Opening-Closing Window
Sewing

TECHNIQUES FOR THE
BILATERAL: AE-AE/S

Amputees in this class will have varying
degrees of success in performing activities,
depending on the level of amputation. The
bilateral Elbow Disarticulation should experi-
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ence the least difficulty. With the bilateral
Short AE-S type, more reliability and func-
tion may be obtained by fitting the amputee
unilaterally, with a prosthesis on the dominant
side only.

At best these amputees will have difficulty,
since the lack of a forearm stump will reduce
the ability to position and control the terminal
device in space. Special devices should be con-
sidered.

The trainer should know the BE-BE/AE/S
techniques before proceeding.

Dressing Activities
T-Shirt

If the stumps are long enough, they may be
inserted into the T-shirt, which may then be
worked over the head and shrugged into place.
Otherwise, the shirt may be positioned on the
bed or the back of a chair, and the amputee
may then be able to work into it.

This is a most difficult if not impossible
task for the shorter stumps and help may be
necessary.

Stump Socks

The lips and teeth should be used to help

pull the stump socks on.

Brassiere
If possible, a strapless bra may be fastened

in front, then turned around.

Undershorts or Underpants

If the amputee has sufficient residual func-
tion, shorts or panties with an elastic waist-
band may be pulled up by the dominant AE
prosthesis, locking the elbow in smaller angles
of forearm flexion as required. Otherwise, a
boxer style with hooking clasp fastener may be
used, or this step may be omitted entirely.

Socks
Stretchable nylon socks are recommended.
The dominant TD can hold the sock while
the foot is inserted. The socks can then be
pulled over the heel, providing they are not
too tight. One foot can assist the other in put-
ting the socks on.

Shoes

This class of amputee should wear only
loafer-type shoes or shoes which do not re-
quire lacing.



Shirt

A buttonhook must be used to button the
shirt, providing the prostheses have sufficient
function. Flexion units are highly desirable
to enable the TD’s to work close to the front
of the body.

Trousers or Skirt

Trousers or skirt can be pulled up by the
dominant TD and held by the assist if there is
enough function.

Necktie
Since tying the tie is extremely difficult,
this activity is not recommended.

Coat

It may be possible to put on a coat, de-
pending on the level of amputation. However,
considerable body contortion or “body Eng-
lish” must be used.

Eating
Cutting Meat

This activity should be omitted for Short
AE’s and above. Prepositioning sequence is
essentially the same as that for the BE-BE/
AE/S class. '

In using the fork or spoon to transport food
from plate to mouth, the forearm is usually
locked at about 80°. Arm elevation and flexion
is used to raise the utensil to the mouth.

beb

:? 3
L2
~ ~,
If this is not feasible, the elbow may be kept
unlocked. Forearm flexion resulting from press-

ing the forearm on the table edge is used to
bring the utensi] to the mouth.

Drinking

The elbow must be kept locked, and arm
elevation and flexion must be used to raise the
glass or cup to the mouth. “Live-lift” usually
cannot be used, especially with the dual con-
trol system. However, forced lift (using table
edge or thigh) may be used to position the
glass to the mouth.

Personal Hygiene
Bathing

The dominant stump can hold a wash cloth
or sponge modified with elastic to wash some
areas of the body. Special devices will have to
be developed for positioning the sponge or
cloth.

Brushing Teeth

The toothbrush can be held between the
stumps if they are long enough; otherwise, the
brush can be grasped by the TD. Then the
forearm can be flexed fully and locked and the
teeth brushed by using head motion.

Shaving

The shaving stick and razor can be held in
the TD with fully-flexed forearm locked and
resting on a surface.

Head motion is used to accomplish the shav-
ing.
Combing Hair

This activity may be done in the same man-
ner as the shaving activity.

Toileting

Urination and defecation can be accom-
plished independently if the amputec can
handle the clothing and fasteners.

Wiping after defecation in the AE case can-
not usually be effected in the same manner as
the BE, since the AE does not possess enough
mebility and stability behind the body, How-
ever, the front or back approach technique
can be used satisfactorily by some AE’s.

There are several methods which can be
used successfully,

Seat Method: Several layers of toilet tissue
are spread across the toilet seat or the edge
of a bathtub or chair. Moistening the end of
the tissue will aid in forming the layers and
help stabilize the pad.
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The amputee then sits so the buttocks
straddle the seat or edge of the chair. By shift-
ing the pelvis from side to side, the wiping
action may be completed. Several applications
may be necessary. This is a difficult activity.
Considerable practice is required to develop
skill and gain confidence in the method.

Heel Method: The foot is slipped out of its
shoe and rested on the toilet seat. A length of
- toilet tissue is draped over the heel to form
three or more layers, using the same technique
as for the seat method above.

By squatting on the heel, the tissue is
placed in apposition to the anus.

Fore and aft motion of the pelvis will bring
about a satisfactory wiping action.

The tissue can then be grasped by the hook
and disposed of. Repeated application will re-
sult in successful cleaning.
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General
Driving @ Car

This activity is discussed in the Unilateral
and Bilateral BE-BE/AE/S sections.

The car should have power steering; the

turntable and wrist unit of the prosthesis
should be sufficiently tight to prevent their
turning when steering. With this feature, and
modification of gear lever, turn indicator han-
dle, etc., it should be possible for a Short AE-
Shoulder amputee to drive a car.
NOTE: The additional activities are similar to
those for the BE-BE/AE/S class of amputees.
They will be more difficult, so more time and
energy will be required to work them out for
the individual amputee.

TECHNIQUES FOR THE S-S AMPUTEE

The use of a prosthesis by an amputee of
this class to perform even a simple activity is
marginal. Experience with S-S amputees has
been limited since the number of cases in the
total amputee population is very small, but it
has shown that fitting the amputee either bi-
laterally or unilaterally with conventional
Shoulder prostheses has been unsatisfactory
in general.

The best approach a trainer can have is to
be familiar with the techniques of the lower
level bilateral types and apply them with
imagination and inventiveness insofar as pos-
sible to the S-S amputee. Design and experi-
mentation with special assisting devices is
recommended. Encouraging the amputee to
learn to perform some activities with the feet
should be considered.

The trainer should read the section on
Unilateral Equipment for Bilateral Shoulder
Amputees in Chapter XIV for some recent
developments on this problem.
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Chapterg 8, 11, and 12 on Amputee Training, Medical
ConSiderations, and Prosthetic Prescription have been
reprinted from the "Manual of Upper Extremity Prosthetics,"’
edited by William g, Santschi, published by the University
of California in 1958, which is out of Print. Where
reflected by the changed type face, thege chapters have

been edited ang revised, ip selected instances, by New
York University.
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CHAPTER 9

CONTROLS AND USE TRAINING FOR CHILD AMPUTEES

When the child receives his first functional prosthesis, it is
sometimes necessary to admit him as an inpatient for intensive training.
Usually, however, weekly outpatient training sessions will suffice. This
will be decreased in intensity as progress is made. 1f poor habits should
develop, or if more advanced functional needs (such as in ADL) should arise
the frequency of the training sessions may be temporarily increased. He
returns to the clinic at least every three months for reevaluation of pros-
thetic fit and operation, and determination of new functional needs. A
variety of bimanual toys and activities of daily living appropriate to the
child's intellectual age level are employed to train the amputee in the
use of his prosthesis as an assistive extremity. The ultimate goal is
full-time wear of the prosthesis as an integral part of the child's self-
image and function. The therapist works very closely with the parents,
instructing them in hygiene, prosthetic maintenance, and obtaining similar
toys and activities for home follow=-up.

Below is a brief outline of a typical training program:

I.  Sequence of passive hook function
A. Teach holding function of hook to parent
Child pulls object out of hook

B
C. Child places object into hook as parent opens hook
D. Child opens hook by pulling on thumb

IT. Sequence of active hook control (Starts at about 18 months)

A. Begin with half rubber band to allow inadvertent, unplanned
opening; child actively keeps hook open.

B. Therapist passively flexes child's shoulder, child observes
opening of hook and then repeats actively; places object into
hook with his sound hand

C. Later allows hook to close over object by relaxing shoulder
on amputated side

D. Finally, active release (first does this by pulling object
out with sound hand or by banging). Child is unaware the

motion is the same as for grasp.
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III.
1V,

VI.

E. Selective hook opening to accommodate objects of various
sizes and shapes and proper timing of release. At first,
opens hook too much (young normal child also lacks spatial
discrimination).

F. Moves prosthetic arm, yet maintains grasp on object (by
relaxing sound shoulder so it no longer serves as reaction
point for control),

G. Learns that in prehension the stationary finger should be
next to object.

H. Since child depends on sight, not tactile sensation, all
objects should be placed within view.

Until child is 3-4 years old, parent or therapist prepositions TD.

Until A/E is 3 or 4, parent or therapist continues elbow-lock opera-

tion while child operates only TD with cable,

Until A/E is 5, parent or therapist adjust turntable.

Dressing

A. Doff prosthesis
1. Unilateral B/E: 3-4 years, A/E 4-5 years
2. Bilateral B/E: 3-4 years, A/E 5-6 years

B. Don prosthesis
L. Unilateral B/E: 4-5 year, A/E 4-5 years
2. Bilateral B/E: 5-6 years, A/E 6-7 years
Clothes off, prosthesis last; clothes on, prosthesis first.

D. Bilateral amputees
l.  Self-dressing techniques depend on motivation and agility;

no universal rules,.

Encourage independence

Use of teeth

Shrug- or shawl-like stump socks

Sleeveless dresses, open in back, split to below waistline

- Zipper loop for pants

But tonhook

mq@mDWP

Velcro
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CHAPTER 10

CARE OF UPPER-LIMB PROSTHESES

HOOK AND WRIST UNIT

Use just enough motion to open or close the hook.
Do not use the hook as a hammer.

If your hook operates with rubber bands, be sure to replace weakened
ones. When you are learning to use your hook, one or two bands are
sufficient. When you start using it regularly, three are suggested.
Should you do heavy work and need more force, add more bands.

Strong acids, lacquer, and paints will weaken the neoprene rubber
lining of your hook. Avoid contact with these. Rough usage will also
damage this part of the hook. The hook should be retreaded when the

lining is worn.
Keep the hook clean and free from dirt.

Never oil the hook yourself. If it does not function properly, take it
to your prosthetist for repair.

Keep the wrist unit clean and avoid getting dirt in it. Otherwise, you

will have difficulty turning the hook and changing terminal devices.

CABLE
Should the cable break, return the prosthesis to the prosthetist for
repair.

When using cable adapters, be sure to keep them with the hook or the
hand so they will be available when you change your terminal device.

If the cable housing starts to spread, check with the prosthetic facility.
Excessive spreading of the housing will cause the cable to wear,

If there is excessive friction in the control system between cable and
housing, check for a kink in the cable.

HINGES AND ELBOW UNIT
Never 0il the hinges on the below-elbow prosthesis. If you cannot bend
your elbow easily, consult the prosthetist,

Never 0il the elbow unit with internal mechanism; if it does not function
well, take it to the prosthetist for inspection.
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SOCKET
ash cloth with soap and water. Dry the

the socket daily, using a w
R et Do this more often 1if you have

socket thoroughly before wearing it.
been perspiring.
Wash the socket every other week with a dilute solution (1 per cent)
of formalin or rubbing alcohol.

Directions for washing the socket:

A. Wipe solution inside the socket with a cotton swab.

B. Leave it on one to two hours.
C. Rinse the socket with alcohol.

Keep the outside cf the socket clean with soap and water.

The metal fixtures on the socket do not require oiling.

-LEATHER
Clean the inside of the leather cuff (the portion in contact with the

arm)-daily with a damp cloth and allow it to dry thoroughly before
wearing it.

f t! i
ih the leagher does not have a protective coating, clean the outside of
e cuff with saddle soap every wesk.

HARNESS

R
emove the harness from the socket at the buckles and wash it with

soap and water. This should be d
) one weekly. ;
the plastic covering. eekly. Be sure to clean under

1f 1
the tips of the harness straps become worn or ravel, singe them with
a match flame to seal the edges.

ARRL HAND

Never try to remove the
= ) glove from the hand . the pros-
St change the S yourself Have e p

?jzhrthe hand at least three times daily with a wash cloth, soap, and
. igarm water. Do not let water get inside the mechanism of the hand.
€re 1s a tear or crack in the glove, avoid wetting this area.

When not wearingthe hand, keep it stored in its plastic bag in a box

In a dark place. The glove will darken slightly with age and with
expcsure to light.
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10.

11.

Remember use just enough fo

The following are some of the substances which should be washed off the
glove immediately with soap and water (not cleaners or solvents):

Grease, fountain pen ink, food (except mustard and egg yolk),
and alcoholic beverages, such as beer and whiskey.

The following substances will weaken the glove if kept on the glove
more than one hour:

Gasoline, benzine, kerosene, turpentine, and carbon tetrachloride,

The following materials will stain the glove permanently. Efforts
should be made to keep the hand away from these. If the glove becomes
stained, wash it immediately.

Fresh newsprint, carbon paper, lipstick, brightly dyed fabric,
tobacco stain in large quantities, mustard, and egg yolk.

Since ball point pen ink dries on contact, it will stain the glove
permanently and should therefore be avoided.

Lacquer and shellac weaken the glove, so do not rest your handio:eshgie
surfaces for prolonged periods. Do mot 1?avg the hani ogaa pain
varnished table without first placing it in its plastic bag.

Never oil or grease any part of the hand.

rce to lock your hand in the desired position.

: i k it.
Excessive force will make it difficult or impossible to unloc

i facility to
I1f your hand mechanism sticks, return it to the prosthetic y

be repaired.
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CHAPTER 11

Medical Considerations

'Although parts of this chapter are
directed primarily to the surgeon, the
CQnFent is pertinent for all who par-
ticipate in amputee management. A sum-
T3 gf the medical causes of amputa-
tion is followed by a discussion of
Pre?aring the patient for amputation
medically and psychologically. Sites
of amputation, amputation surgical
Fechnlque, post-operative care, phys-
ical therapy, stump hygiene and stump
Pathology are then reviewed and con-
gluded with the role of the surgeon
In the prosthetic clinic team.

The causes of amputation are summarized in
tabular form as Table II-1.

PREPARATION OF THE PATIENT

FOR AMPUTATION
~ When amputation has been decided upon, it
is the physician’s duty to make sure that the

TABLE li-1. CAUSES OF AMPUTATION

patient really understands the necessity for
the procedure, what will be done, and the
conditions that will face him afterward. Lay-
men usually do not have a clear picture of
amputation or of rehabilitation, and may have
many erroneous conceptions. It is best to ex-
plain to the patient the level of amputation
selected and the reasons for it; then describe
the step-by-step plan for post-operative con-
ditioning of the stump, the pre-fitting exercise
program, what can be expected of a prosthe-
sis, and how the patient will be helped to
readjust socially and economically to his
amputation. It is also advisable to inform the
patient that he will probably experience some
phantom sensations, a usual sequel to ampu-
tation, and that the phantom limb will prob-
ably grow fainter with time, and perhaps dis-
appear entirely.

It is important to aveid needless anxiety.
Any person faced with amputation will have

A. Congenital
1. Agenesis (failure to develop)
2. Malformation
B. Trauma and its sequelae
1. Traumatic amputation
2. Compound fracture with nonunion or
malunion
3. Penetrating wounds with blood vessel
damage; thrombosis, embolism, and
traumatic aneurysm
4. Burns and frostbite
C. Peripheral vascular disease
1. Arteriosclerosis
9. Arteriosclerosis with diabetes
3. Buerger’s disease (thromboangitis oblit-
erans) and Reynaud’s disease

D. Thromboses and embolisms
E. Malignant growths

F. Infections
1. Pyogenic osteomyelitis or arthritis
9. Granulomatous osteomyelitis or arthritis
3. Infection superimposed on arterial in-
sufficiency
G. Trophic changes
1. Spina bifida
9. Charcot joint
3. Leprosy
4. Cord injuries and neoplasia
H. An insensitive, cold, or painful extremity
which is functionless and a burden to the

patient’s hand

-177-




many questions and many worties: qu wi'll
amputation affect his job, his social life, his
hobbies? How will he look? What attitude
will people take toward him? How good
is an artificial arm — if, indeed, the patient
knows that a functional prosthesis can be ob-
tained. It is highly advisable to take the time
to elicit his questions and answer them fully.
The help of a psychologist, social worker,
therapist, or prosthetist can be enlisted for
alleviating and solving these problems.
Physical preparation of the patient will ob-
viously include local and general treatment
as necessary to put him in the best possible
condition to undergo surgery. Pre-operative
exercises o increase general muscle tone are
advantageous. The part to be operated upon
should be freed of infection if this is feasible.
If the extremity is cold and clammy, with poor
circulation, as in Buerger’s disease, more
prompt healing may often be assured by a
prior sympathetic ganglionectomy. Diabetes,
if present, must be brought under control. Pro-
tein balance and an adequate red cell count

§hould be obtained by replacement therapy,
If necessary.

SITES OF AMPUTATION

Improved surgical techniques, the discovery
of antibiotics, and the development of new
prosthetic materials and devices, have all con-
tributed to the trend toward more conserva-
tive amputations. Newer techniques make pos-
sible the preservation of length previously
sacrificed. Except for certain points in the
hand (specified below), every bit of length
remaining in the upper extremity can now
serve a purpose, provided the amputee is fitted
with a prosthesis and components wisely se-
lected in accordance with the principles laid
down in Chapter IIL

The changing attitude toward “‘sites of elec-
tion” in the upper extremity is illustrated in
Figure 11-1, where the previous contraindica-
tions against amputation at certain levels are
shown to be eliminated by the development
of prosthetic equipment suited to these ampu-
tation levels. It should be noted that, prior to
World War II, many surgeons were in favor
of leaving the humeral head in place when

performing a shoulder amputation, for cos-
metic reasons. New developments have added
prosthetic reasons,

The Hand

The desirability of preserving all possible
length in the fingers and hand is universally
acknowledged. The caly exceptions to this
are:

1. In the phalanges, it is better to shorten
the finger slightly than to leave the
bulbous and reiatively tender distal ex-
pansion of these bones.

2. In most instances, the distal two-thirds
of the second and fifth metacarpals
should be excised when the correspond-
ing finger must be sacrificed. The pres-
ence of a knuckle in the absence of .the
finger is unsightly, frequently sensitive,
and often traumatized. However, the
patient may be unwilling to give up &
quarter of the breadth of his palm.

3. The distal two-thirds of the third and
fourth metacarpals may be removed for
cosmetic reasons under similar circum-
stances. The tough palmar skin should
cover the stump end.

Wrist and Forearm

Amputations through the wrist area were
universally condemned for prosthetic reasons
until recently. However, the development C?f
the present Wrist Disarticulation prosthesis
has made it possible to preserve the dorsal
and volar flexion and full rotation, while pro-
viding a functional prehension device, witho.ut
extreme length of prosthesis. In the wrist d}S-
articulation operation, resection of the radial
and ulnar styloids obviates unsightly and
easily traumatized prominences. _

The Krukenberg amputation, in which
fingerlike appendages are fashioned by separat-
ing the two forearm bones for prehension, pre-
sents no prosthetic problem, since no pros-
thesis is indicated. It is rarely used in the
United States; however, it has one great
advantage for blind patients — sensation is
preserved.

Amputations At and Above the Elbow

The proximal portion of the ulna and the
distal end of the humerus have similarly been
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ill-regarded in the past as a.mPUtatiO“ sites,
principally because of the difficulty of pros-
thetic fitting. Newer devices, such as.the step-
up elbow hinge and the outside loc.kmg elbow
joint, have overcome these difficulties. Even a
very short residual ulna, too short to be useful
in flexing the prosthetic forearm, can be used
to operate the prosthetic elbow. And the El-
bow Disarticulation amputee can now be
fitted with a prosthesis of normal length, with
the elbow in normal position.

Above the elbow, all possible length should
be preserved. Even though a humeral stump
above the deltoid and pectoral insertions lacks
motion, every inch of length is functional in
that it increases the stability and thus im-
proves the function of the prosthesis.

Shoulder Disarticulation and Scapulotho-
racic (Forequarter) amputations are occasion-
ally necessary. The surgeon can do little to
aid the prosthetist in these cases, other thar
provide a pad of muscle beneath the skin, and
good skin without scars.

Sunuhury

Ther.e are today no sites of election in upper
extremily amputation. With certain exceptions

in the hand noted ahove, all possible length
should be retained.

AMPUTATION SURGERY

The aim of the amputation surgeon is to
produce a firm tapered or cylindrical stump,
free of sensitive scars, with bone well padded
along its length and covered at its tip by
healthy, nonadherent fascia and skin. The
suture line should be located as far as pos-
sible from the prosthesis pressure areas on
the anterior surface. Healthy skin is essential
if the stump is to withstand use; split skin
grafts will not accomplish this purpose.

Of the two general types of amputation—
the open and the closed—the closed, flap, or
plastic amputation is performed whenever
possible. Open or circular amputation is an
emergency operation only, performed when
the extremity is grossly infected or in trau-
matic cases where such infection is probable.
It is performed at the lowest possible level and
is followed after three to eight weeks by a
secondary closure.

The Closed, Flap, or Plastic Amputation

Details of the technique of the closed ampu-
tation are well covered in numerous texts and
will not be reviewed here. The important con-
sideration is the construction of adequate
skin flaps which cover the stump without ten-
sion. A fishmouth ircision is universally used
and, as mentioned above, it should be planned
so that the suture line falls in an area that
will not be subject to pressure from the pros-
thesis. Deep fascia is incised at skin level. The
muscle mass is cut back far enough so tha‘t,
after the bone is divided, the retracted enas
of the muscle wiil be the same length as the
bone. The bone therefore is sawed off an in'Ch
or more proximal to the level of the skin in-
cision, depending on the size of the muscle
mass. .

Most surgeons believe that the periosteum
should be stripped from the bone for about'a
half-inch above the line of the saw cut, In
order to prevent the formation of spurs by
periosteal proliferation. In the forearm, both
bones are cut at the same level. _

Blood vessels are pulled down gently, li-
gated, and cut so that they will retract well
above the bone end. Nerves are likewise pulled
down gently and cut proximal to the bone end,
so that the inevitable proliferation of nerve
fibers in this area will be well protected by the
muscle mass and will not be pinched between
the prosthesis and the bone end. Some sul-
geons inject the nerves with a sclerosing SOIEI-
tion; others bury the main nerve trunks in
the bone. The majority of surgeons feel that
these procedures are unnecessary. .

Careful hemostatis is secured. Deep fas?la
is sutured over the bone end. Drains are 1n-
serted at the ends of the suture line, and the
skin is closed. If there is any tension on the
skin, traction should be instituted. The stump
is bandaged for shrinkage with elastic bandage
on the operating table; compression should b.e
maintained post-operatively until a prosthess

is worn. The drains are removed in 48 to 72
hours.

Technique of the Open or
Circular Amputation

As the name suggests, this is a procedure in
which the wound is left open. It is done at the
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lowest possible level, regardless of prosthetic
considerations, and usually by the modified
guillotine procedure. The extremity is removed
as quickly as possible, with minimal operative
trauma.

A circular incision is made through skin,
subcutaneous tissue, and deep fascia. The skin
is permitted to retract. The soft tissues are
divided, permitted to retract, and the bone
or bones sawed off squarely. No sutures are
inserted. The application of immediate skin
traction, and its maintenance until the wound
is fairly healed, is mandatory. Failure to keep
traction on this type of wound invariably re-
sults in retraction of the skin and soft tissues
with protrusion of a raw bony surface, exten-
sive scarring, and perhaps infection with much
pain. Sequestration of the bone end may occur.
Continuous traction, on the other hand, main-
tains a protective pad of muscle tissue on all
sides of the bone. Further, it pulls the skin
edges down over the muscle mass, promoting
much more rapid healing and a properly
shaped stump.

In the secondary operation after three to
eight weeks, the surgeon plans to achieve a
stump that is well shaped, covered by good
skin, and meets the other requirements men-
tioned above.

POST-OPERATIVE CARE OF THE STUMP

Traction must be maintained after open
amputation, and in closed amputation if the
skin is under tension. To prevent hemorrhage,
edema, and swelling, and to promote shrink-
age, compression bandaging must be main-
tained until the fitting of the prosthesis. The
stump should be freshly bandaged at least
once a day with elastic bandage, applied
tightly at the distal end and snugly at the
proximal end. It is important to avoid loose
bandaging at the tip, and tightness at the
proximal end of the stump.

Prevention of joint contractures is a cardinal
requirement. A splint in position of function
may be used if desired, but is not usually
necessary. The important considerations are
not to position the stump so that joint con-
tractures develop, and to mobilize it as soon
as possible.
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POST-OPERATIVE PHYSICAL THERAPY

All joints proximal to the site of amputation
should be moved through their full range of
motion at least three times daily as soon after
amputation as possible. These motions should
be performed by the patient if possible, or by
the physical therapist when the patient can-
not voluntarily perform the motions.

After healing, the patient should be encour-
aged to exercise the residual muscles of the
stump. These exercises are performed simply
by having the patient contract his muscles
against no resistance, in the manner of quadr;-
ceps setting. This has the eflect of assisting
the circulation, preventing adherence of scar
tissue, and reducing edema.

Massage of the stump can be started after
healing is complete. The principal value of
this technique is to overcome fear of having
the stump handled. It also may act to prevent
adhesions and assist the venous flow.

Mobilization of the Shoulder and
Arm Stump

It is imperative that an upper-extremity
amputee have a mobile shoulder girdle, as the
limitation of motion of any segment will result
in a corresponding limitation of other seg-
ments. For example, limitation of scapular
motion on the thorax will restrict the range
of humeral motion and thus impair prosthetic
function. Exercises designed to maintain a
freely mobile shoulder girdle are necessary.
These must be done bilaterally, as the amputee
uses both shoulders for prosthesis operation,
either for actual motive power or for “body
English.” The exercises involve elevation of
the shoulders and abduction-adduction of the
scapulae, both free and against resistance.

Flexion of the Above-Elbow amputee’s
humerus is the source of power for both fore-
arm flexion and prehension in the commonly
used dual control system. This motion must
be developed to provide the amputee with a
strong “motor” through a full range of move-
ment. Extension of the humerus is used as
the control motion for the elbow lock, and
must also be well developed. Both free and
resistive exercises should be used routinely at
least twice daily.



When the Above-Elbow amputee flexes or
abducts his stump, or a combination of the
two, there is a tendency for the stump and
prosthesis to rotate internally. The amputee
can control this, as in a normal arm, by using
the rotator muscles of the upper arm. The
development of these muscles can be carried
out by having the patient rotate the stump
through the full range and contract firmly at
the end of the range. Unilateral amputees of
long standing may have lost the ability to
control these muscles; consequently, the tech-

niques of ‘muscle re-education may be neces-
sary.

Mobilization of the Forearm Stump

For the Below-Elbow amputee, the move-
ments of forearm flexion-extension and prona-
tion-supination must be developed through
the maximum range. Limitation of forearm
flexion prevents use of the prosthesis in the
most vital action spheres, such as the mouth
and chest. Many amputees discard the pros-
thesis because they are unable to perform tasks
requi.ring full flexion. Simple forearm flexion
exercises, both free and against resistance,
should be performed twice daily in order to
develop a full range of motion and normal
strength through the range.

.The harnessing of pronation-supination is
difficult at best, and practically insurmount-
able if further complicated by a limitation of
stump rotation. If the amputee of more than
two-thirds forearm length has a limited range
of pronation-supination, passive stretching
should be undertaken. This should be done by
the physical therapist twice daily, and con-
tinued by the amputee at home or in the ward.
When some degree of mobility has been
achieved, active pronation-supination should
be practiced. The patient should pronate
through his complete range and then contract
hard. This has the effect of stretching the
various limiting tissues, as well as developing
the strength of the muscles. This procedure
should be repecated in supination.

Development of the Residual Biceps
Apari from harnessing, the Above-Elbow

amputee has an additional source of socket

stability. Contraction of the biceps bulges it

against the socket, improving the stability
both by increasing the pressure on the socket
and by firming the stump. Exercises to develop
the biceps can be carried out simply by having
the amputee contract his muscle strongly.
This technique is in keeping with the prin-
ciples of progressive resistance exercises, ex-
cept that the amount of resistance is unknown.
While no forearm flexion is possible, the tight
investing tissue provides resistance enough to
encourage biceps development. The amputee
should contract his biceps through its full
range and then attempt to contract even
harder. This stretches the surrounding tissue,
increases the contractile range and strength of
the muscle, and aids in decreasing the excess
tissue of the flabby stump on which the pros-
thesis tends to rotate.

Correction of General Body Mechanics

In the Short Ahove-Elbow or Shoulder
amputation, various deviations from normal
posture may be caused by the loss of the
weight of the member. The resultant shift in
the center of gravity, and the atrophy of the
musculature on the side of the amputation,
may cause scoliosis with or without compensa-
tory curves. Cases have been seen with a dif-
ference of 1.5 inches between the acromial
heights measured from the floor. Scoliosis exer-
cises should be performed to correct the.?e
deviations, improve the appearance, avoid
postural back strain, and place the muscles
in the proper anatomical positions for use. In
addition, passive stretching of the elevator
muscles of the shoulder complex shouid be
carried out to assist in maintaining the
shoulder level and in freeing the shoulder
movement.

Stump Shrinkage—Plaster Bandage
Technique

The importance of proper bandaging to sup-
port the soft tissues and promote stump
shrinkage has been discussed. Despite proper
bandaging, further shrinkage always occurs
when a prosthesis is worn. Shrinkage ranks
as a problem in the Above-Elbow stump that
has not been fitted with a prosthesis, because
usually the amputee uses his AE stump very
little and leaves it hanging at his side, two
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factors which act to induce a flabby and some-
times edematous stump. By contrast, the
Below-Elbow amputee usually makes much use
of his stump for holding, lifting, and carrying
objects.

For “problem stumps” which are fat or
edematous, the writer* has had uniformly
good results in about 30 cases with an unyield-
ing plaster of Paris bandage. The plaster
bandage is applied over a thin cotton stump
sock, as described for the wrap in
the fabrication chapter, but slightly
tighter. The amputee should feel slight pres-
sure, which should disappear within 24 hours.
The plaster bandage is suspended by a regular
Figure 8 harness, thus accustoming the ampu-
tee to the harness before prosthetic fitting.
The plaster bandage should be replaced as
soon as it starts to slip, which may be as often
as every three days. Girth measurements
should be taken whenever the plaster bandage
is removed. When the measurement remains
the same for a period of one week, the shrink-
age attainable by this technique is considered
to have been accomplished, and the stump is
considered ready for fitting.

*H. Jampol

STUMP HYGIENE

The stump should be washed nightly with
a good quality of soap, and dried thoroughly.
For normal stumps, the application of alcohol
or any other astringent is not advocated, nor
is the application of any solution to toughen
the stump. Gentle massage with olive oil or
liquid petrolatum, and light powdering, may
be used if desired.

Common problems in amputation stumps,
and recommended treatment, are summarized
in Table II-2.

STUMP PATHOLOGY

In some cases, there may be limitations of
joint function due to trauma or infection. In
other conditions, not all the pathology is re-
moved by the surgery; this is true of some neu-
rotrophic conditions, certain infections, and
peripheral vascular disease. (Loss of more than
the fingers from peripheral vascular disease 1s
extremely unusual, and no particular pros-
thetic difficulty is presented thereby—unlike
the situation in lower extremitics.) Severe
burns, followed by extensive split skin grafting
of the stump, may leave much of the skin

TABLE II-2. COMMON PROBLEMS OF STUMP HYGIENE

Problem
Ingrown hairs

Infection of hair follicles

Excessive perspiration

Cannot tolerate AlCI

Fungus infection (red-brown
encrustation, weeping)

Blackheads

Infected sebaceous cyst
(small tender inflamed tumor)

Recurrent infected sebaceous cyst

Chafed areas

Recommended Treatment
Plucking
Wash nightly with pHisoderm

Drill ventilating holes in prosthesis

Wear thin cotton stump sock, fresh daily

Apply Aluminum Chloride twice weekly;
209, solution if tolerated, otherwise 109,

Rub with alcohol instead

Wash socket with alcohol

Stop wearing prosthesis until cleared up

Apply 5% formalin nightly, washing it off afterward
with alcohol

Apply moist heat, followed by squeezing

Apply moist heat '
If fluctuating, incision and drainage

Excision
Packing cyst with silver nitrate crystals has been

done, but is extremely painful for a day or so

Ultraviolet radiation often helpful
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hypertensive to any pressure. Marked con-
genital defects in form and function may also
be found.

Conditions That May Preclude
Immediate Fitting

Certain definite physical signs in stumps
indicate the necessity for medical consulta-
tion prior to fitting. These include any evi-
dence of chronic skin irritation such as eczema,
excoriation of skin with weeping lesions, tiny
hemorrhages, or hot, tender, red areas indicat-
ing the presence of inflammation. Palpable
tender masses are sometimes indicative of neu-
romata or bony spurs, which may or may not
need excision. Bony overgrowths are usually
of minor significance unless painful. Relief of
the socket over them ordinarily suffices to
permit comfortable use of a prosthesis.

Relief of the socket may be all that is neces-
sary for a neuroma. Painful neuromata are
often successfully treated by injection or ethyl
chloride spray. Excision is not always followed
by. relief of pain; occastonally, section of the
pain tract in the spinal cord is necessary before

;elief is secured. Psychotherapy is often bene-
cial.

Extensive sensitive scars for which relief of
the socket is not practicable can often be
surgically resected to make a better stump.
Areas of thin skin over bony prominences,
which break down under mechanical influ-

ences, should be replaced by healthy, full-
thickness skin.

Conditions Arising After Fitting

All the conditions just noted may develop
after the amputee begins using a prosthesis.
Treatment is the same as before fitting. Irrita-
tion, excoriation, or ulceration of the skin may
occasionally result from local pressure of the
prosthesis over a particular area, or as the
result of an imperfect fit. The remedy is the
correction of the causative condition. Edema
of the stump sometimes results from choking
by too tight a fit at the top or the end of the
stump; enlargement of the socket in the con-

stricting area is indicated. Flaws in construc-
tion, wrinkles, creases, and cracks in the socket
material are technical errors and will he
avoided by following the directions given in
the chapters on fabrication.

Phantom sensations are experienced by the
vast majorily of amputees and are usually not
painful. True phantom pain is a serious, often
baffling complication for which medical treat-
ment is indicated, but is not within the scope
of this discourse.

ROLE OF THE SURGEON IN THE
PROSTHETIC CLINIC TEAM

The surgeon is dependent on the therapist
for conditioning the stump, and on the pros-
thetist for the artificial limb. They, in turn,
anticipate that the surgeon will present them
with the best stump which surgical skill will
permit in the given instance. They expect a
firm, rather tapered stump in which the bone
is covered on all sides by good padding and at
the tip by healthy nonadherent fascia and
skin. They expect the stump to be free of con-
tractures and sensitive scars, and without
infection.

The surgeon’s responsibility does not end
when the operative wound is healed. It con-
tinues throughout conditioning of the s.tul.np,
restoration of function in the remaining
muscles and joints, psychological ,accep.tax.lce
by the patient of his handicap, prescr{Ptlf’n
of a suitable prosthesis, and training n its
use. These obligations necessitate the coopera-
tive action of the prosthetic team: patient,
doctor, physical therapist, psychologist, ampu-
tee trainer, and job counselor. Each has an
important and interdependent role in the re-
habilitation of the amputee. The

prescription of the prosthesis,
however, is the duty of the physi-
cian, It cannot be delegated to
the prosthetist. A knowledge of
the various types of prostheses,
their performance and limitatijions,
and their adaptability to the type
of amputation and type of amputee
is essential,
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CHAPTER 12

Prosthetic Prescription

The prescription of equipment and other
services, such as medical treatment, physical
therapy, and psychological treatment, is the
focal point of the amputee prosthetics pro-
gram. It is during prescription that the clinic
team members combine their knowledge to
provide the specific plan for each amputee’s
rehabilitation program.

With the information on such personal fac-
tors as medical history, vocation, avocation,
fitting history, preferences, gathered in the
initial interview, the clinic team is enabled to
carry out its decision-making function ef-
ficiently and completely. As clinic team pro-
cedures may vary considerably according to
local conditions, it will be most useful here to
state the principles basic to a proper prescrip-
tion, leaving to the individual group the ques-
tion of detailed application.

As a matter of interest and for lack of other
data concerning the particular categories dis-
cussed in this chapter, examples and statistics
are included which are drawn from the UCLA
experience, an exhaustive study of 240 arm
amputees, including 22 bilateral cases, be-
tween 1950 and 1954. In this chapter, the
term “cases” refers to individual amputees,
while the term “stumps” includes both stumps
of bilaterals.

The prescription form shown on

pages 15 and 16 not only contains the

specifications of the prosthesis
and its component parts, but also
contains the recommendations for
other services such as medical,
surgical, and therapeutic. The
form is arranged in two parts, the
first part is concerned with pri-
mary factors to be considered in
the prescription, and the second
part is concerned with the speci-
fication of the prosthesis.
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Pre-Prescription Information

Background information is required
if an effective prescription is to be
made, but much of this information
should be gathered before the pros-
thetic clinic meeting and recorded on
a Medical-Prosthetic Summary Form,
such as that shown on pages 10-13,

Experience has shown that the am-
putee is often ill at ease if ques-
tioned in front of the group and may
not express himself freely. When
the case history is unusual, members
of the clinic team need to study this
information prior to the meeting. A
recommended procedure is to have a
qualified member of the clinic team
administer the pre-prescription inter
view in private and present the infor
mation to the clinic prior to the ar-
rival of the amputee. This enables
the members to discuss the case free-
ly. Upon admittance of the amputee,
the clinic team can utilize its time
most effectively by adding to their
prior knowledge. Amputee A. serves
as an example of why pre-prescription
information is extremely valuable in

many cases.

A. is a female shoulder disarticulation ampu-
tee, aged 68. During the pre-prescription inter
view it was ascertained that she had under-
gone several operations in the previous ten
years. The names of the hospital and physician
were obtained, and at the time of the prescrip-
tion meeting a full medical report was avail-
able. The report indicated that the operations
and the amputation were necessitated by a
malignancy and that the prognosis in the case
was unfavorable. Because of this information,
and also in consideration of her advanced age,



the clinic team agreed that a functional pros-
thesis was contraindicated. However, a shoul-
der cap was prescribed for cosmetic purposes,
since A. expressed concern with her appearance.

Medical and Social Factors

In this category are three important areas of
clinic decision: determination of the amputee
type, evaluation of general health, and diag-
nosis of specific stump conditions. The first of
these is dealt with at length under Prosthesis
Specification.

General health. From the sample, there is no
reason to believe that the general health of
the amputee population varies significantly
from the general health of the total popula-
tion. Perhaps the only exception is the pres-
ence of malignancies, which were found to
exist in only four of the amputees seen. All
four were shoulder disarticulation cases, and
all four died soon after fitting. However, the
importance of obtaining a medical record from
the amputee cannot be overemphasized, de-
spite the low incidence of general health dis-
orders in the amputee population. It is neces-
sary to find out whether or not the amputee
has been treated for his amputation by any
previous physician or rehabilitation agency.
If he has, then it is required under the code
of professional ethics to get clearance from
that physician or agency and to find out what
was done for the amputee’s welfare. The ampu-
tee may be afflicted with some physical con-
dition which can be aggravated by participa-
tion in a rigorous rehabilitation program.
Finally, it is necessary to discover any condi-
tions which should be treated before fitting is
attempted. Of cases seen at UCLA, 11 percent
presented various medical problems, but of
these, only half were considered serious enough
to warrant attention before a prosthesis could
be prescribed.

Stump conditions. Insofar as the stump it-
self is concerned, it appears that abnormalities,
such as bone spurs, tender scars, skin rashes,
neuromas, and other stump conditions, are of
low statistical importance. When present,
many of these can be dealt with by suitable fit-
ting modifications. For example, 23 percent of

stumps examined at UCLA had hypersensitive
areas which were painful to the touch. Only
one amputee, however, had to undergo sur-
gery for removal of a painful neuroma. The
others were fitted satisfactorily by marking
the location of the neuroma and relieving the
socket over this area. Bone abnormalities were
present in 13 percent of the stumps, but in
only one case was surgery required.

Physical Therapy

Fifty percent of the UCLA amputees were
believed to be in need of physical therapy. The
prescription for such therapy was based, in
many cases, on the body mechanics examina-
tion, conducted before the prescription meet-
ing. In prescribing physical therapy the clinic
must consider several factors, all of which play
an important role in fitting the amputee with
a prosthesis and teaching the amputee how to
use the prosthesis. These factors, which will
be discussed briefly, are stump shrinkage,
stump strength and range of motion, and pos-
tural problems.

Stump shrinkage. There is agreement that
shrinkage is a bothersome problem, but lack of
agreement as to how it should be handled.
Investigations of shrinkage are complicated
by the fact that often the need for new sockets,
which may be attributed to stump shrinkage,
is actually due to poor initial fitting. Fourteen
percent of the sample were judged by the
clinic teams to have stumps sufficiently flabby
or edematous to present shrinkage problems;
half of these were amputees of less than a
year’s standing.

Stump strengths and ranges of motifm.
These are easily determined by examination
during the pre-prescription contact and, at
the clinic meeting, exercises should be pre-
scribed to remedy any deficiencies. The data
indicate that forearm and humeral rotation
are the motions most seriously affected. Ap-
proximately 80 percent of the Above-Elbow
amputees had limitations of humeral rotation,
and 80 percent of the Below-Elbow amputees
had limitations of forearm rotation. The clinic
prescribed therapy, not only on the basis of
the magnitude of the limitation, but also on
the basis of the increase that could be expect-
ed. Thus, certain cases that are considered
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absolutely limited in range of motion by bone
malformations did not get physical therapy.
In none of the cases was a delay in fitting con-
sidered necessary, since it was believed that
the use of the prosthesis itself would serve to
increase the strength and range of the stump’s
motion.

Posture. Marked postural deformities have
been infrequent among the sample. Studies
have shown that Above-Elbow amputees tend
to carry the shoulder on the amputated side
slightly higher .
marked scoliosis present.

Vocational and Avocational Considerations

Perhaps some of the most significant criteria
for prescription of a prosthesis can be obtained
from vocational and avocational data. In fact,
a distinction has been made between “heavy
duty” and conventional prostheses, the former
being prescribed for amputees engaged in
heavy work, and the latter for amputees en-
gaged in all other jobs. However, in the cases
tabulated, only three heavy duty prostheses
were prescribed. Yet the prescription of heavy
steel hooks was frequent on the ground of
occupational‘ requirement.

The terminal device is extremely important
to the amputee’s vocational success. Unfortu-
nately, present-day terminal devices do not
approach the natural genius of the hand, and
in many cases amputees are forced to change
their vocations following amputation. The
data indicate that by far the greatest occupa-
tional effect of amputation is on skilled and
semi-skilled laborers who are unable to con-
tinue their original occupations. This is not
only potentially a source of emotional mal-
adjustment but also one of reduction in earn-
ing power. The clinic can render a valuable
service to the amputee by attempting to re-
duce any arbitrary change in occupation. Very
often, large industrial firms shift the amputee
because of mistaken notions about the utility
of a prosthesis. Ideally, the clinic, which has
the total rehabilitation of the amputee to con-
sider, should serve in an advisory capacity on
any contemplated change in occupation.

Amputee B. is a case in point. He lost his
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In only one case was a

arm while working as an installer of elevator
and electrical equipment. The large firm by
which B. was employed sent him to their own
physician and decided to employ him in the
office at approximately half his former salary.
This reduction in income caused the man and
his family severe dislocation. Ideally, this case
should have been handled by a clinic who
could at least have tried to return him to his
pre-amputation job by the simple expedient
of prescribing the best prosthesis and training.
As it turned out, B. left his office job and went
to work elsewhere as an elevator repairman.
He is gradually working his way back to the
position he was so arbitrarily removed from
ten years ago.

The prescription of terminal devices may be
influenced by the diversity of the amputee’s
vocation and avocation. The criteria must be
based on logical considerations until
thoroughly validated by experience.

Amputee C. was employed as a salesman
and enjoyed fishing, model construction, and
collecting stamps. An APRL hand was pre-
scribed to meet his vocational requirements as
a salesman and an APRL hook was prescribed
for his avocational pursuits.

Another amputee, D. worked as an as-
sembler of outdoor furniture and as a punch
press operator. A steel hook was prescribed,
as it was felt that an aluminum hook would

not stand the heavy usage.

Psychological Factors
Although there is no evidence to indicate

that the amputee population varies signifi-
cantly from the non-amputee population with
regard to emotional stability and other such
factors, the clinic should be attentive to any
psychological problems which may exist. A
negative attitude toward the amputation and
prosthesis can act as a deterrent to rehabilita-
tion. Naturally, the clinic should note any
gross deviations from “normal” behavior. 1t is
a waste of time and money to fit any amputee
with an expensive prosthesis, and then to ac-
cept failure because the amputee does not co-
operate fully. It is generally accepted that the
individual must be motivated toward his own
rehabilitation, if it is to be successful.



Quantative data do not permit any gener-
alizations about the effect of prosthetic appli-
cation on personality disturbances. However,
it is important to differentiate between the
new amputee and the amputee of long stand-
ing. As more and more clinics come into opera-
tion, a greater percentage of patients will be
new amputees. Such patients are greatly aided
in their personal adjustment by directing their
attention to functional replacement. The
¢linic should be careful to supply any neces-
sary psychological counseling which may pro-
mote a positive attitude toward the utilization
of a prosthesis.

Personal Factors

Included under personal factors which the
clinic team should consider are the amputee’s
age, sex, educational history, prosthetics his-
tory, and personal preferences. The age and
sex factois require no explanation, but one
may question the importance of educational
history.

Educational background. In many cases,
this has helped to complete the picture of the
amputee, and thus provide a better prescrip-
tion. The following case is illustrative:

Amputee E., a Short Above-Elbow case,
aged 20, had a history which indicated lack of
specific educational training. This information
led to the prescription for educational and vo-
cational guidance, and he was referred to the
State Department of Vocational Rehabilita-
tion. Here, the promotion of occupational ad-

justment aided the prosthetic adjustment of
the amputee.

Another case further illustrates the impor-
tance of educational history. Amputee F. pre-
sented a complicated picture, and the clinic
team considered the prescription of a “trial
and error” program in which several prosthe-
ses would be tried and subjected to his criti-
cism. If F’s educational history had not re-
vealed that he was qualified for participation
in such a program, it would not have been at-
tempted. As it turned out, this amputee was
extremely cooperative and even contributed a
design for his own harness.

Prosthetics history. This is a complete rec-
ord of the amputee’s previous experience with

artificial limbs. The amputee who has had ex-
tensive experience is in the best position to
evaluate his previous prostheses. This infor-
mation can prevent the repetition of previous
errors in prescription.

Amputee preferences. These should be con-
sidered even if they are to be dismissed as ir-
relevant by the clinic team. Actually, experi-
ence has shown that the large majority of
amputees do not express a specific preference.
However, where specific preferences do exist,
they should be noted, and if the prescription
is in violation of these preferences, the reasons
should be explained to the amputee. The man-
ner of handling these situations may make the
difference between a cooperative and non-
cooperative subject.

PROSTHESIS SPECIFICATION

The obvious anatomical basis for the gen-
eral form and composition of the prosthesis 1s
the level of amputation. This determines, to
a very large extent, the residual function and
therefore the functional regain which 1s |ZEF
sible in the prosthesis. There are two major
elements in prosthesis design: the socket form,
which determines the purchase upon the
stump and the fixation of the mechanical com-
ponents; and the harness, which is contrived
to utilize substitute body motions in the op-
eration of the prosthesis.

Level of Amputation

Level of amputation is the first considex:a-
tion in the selection of a prosthesis and .ltS
components: as shown in the accompanying
charts, “Amputee Type” and “Prosthesis
Type” are the same except in atypical cases.
The levels are chiefly described as percent-
ages of the segment length, i.e., acromion-to-
epicondyle for AE’s, epicondyle-ta-styloid for
BE’s, with additional criteria applied in the
cases of the shoulder and partial hand ampu-
tations (see page 46 ).
phasized that while these levels are
arbitrary in detail, they demarcate
functional zones which call for spe-
cial types of equipment. Special
cases may call for the prescription
of a prosthesis of an adjacent level.
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As a result of advances in equip-

ment design, the older concept of favored sites
of amputation has been abandoned and the
surgeon now strives to preserve all possible
functional length. It is essential that in the
prescription, intelligent selection of equip-
ment be made to attain the functional poten-
tial thus made available.

Socket Type

For each stump length, as deter-
mined by amputation level, there is
a characteristic socket form., The
general features are emphasized in
this section,

First, the socket must have suf-

ficient axial length to gain stable purchase
upon the stump. At the same time, limits must
be placed upon this length to prevent it from
impeding the full use of a residual function.
For example, the Humeral Neck socket is lim-
ited to the scapular area posteriorly, and to
the deltopectoral line anteriorly, in order to
utilize the remaining mobility of the shoulder
girdle. Similarly, in Long Below-Elbow stumps
the proximal lip of the socket may be placed
at two-thirds forearm length in order to avoid
undue restriction of remaining pronation-
supination.

Second, close fit of the socket to the form
of the stump is essential. This is best achieved
by the double wall construction which com-
bines a form-fitted inner wall, and a cosmetic
and structural shape for the outer wall. As
shown in Figure 111-3, only the Standard AE,
Elbow Disarticulation, and Long BE types
give a choice of single wall construction.
Moreover, the single wall type appears to be
dying out; New York University field investi-
gators report (1956) that over 90 percent of
sockets are double wall.

Harness and Control System

The amount of functional loss associated
with amputation level determines the require-
ment for regain, but this is very much limited
by the practical possibilities of harnessing sub-
stitute motion. There are only three major
control sites on shoulders and arms, and sever-

al minor ones for elbow lock operation; it is
evident that these must be fully utilized. The
standard harness and control patterns, out-
lined in Figure III-3, embody the results of
long research and experience. Still, each am-
putee differs to some extent from the average,
and the fitter must apply ingenuity to obtain
the full potential of control. While AE and BE
types involve little departure from standard
patterns, the shoulder cases nearly always re-
quire experimentation to obtain a satisfactory
result. For this reason, a basic harness is speci-
fied, which is to be supplemented by various

modifications until successful operation is ob-
tained. The material on harnesses

should be studied by all members

of the clinic team, since the har-
ness and control apparatus is the
vital link in the amputee-prosthesis
combination.

PRESCRIPTION OF MECHANICAL
COMPONENTS

In prescribing the mechanical components
of the prosthesis, it is important for the clinic
to keep in mind the pre-prescription informa-
tion and the primary factors we have dis-
cussed. A useful technique is to assign a rea-
son for the prescription of each component,
rather than to list them without considering
their particular advantages in contrast to
other available devices.

There may be many instances where the
clinic cannot decide between two or more de-
vices, or where none of the available devices
appear suitable. The concept of the “trial pre-
scription” has evolved to handle these cases.
The “trial prescription” is particularly ad-
vantageous where the clinic handles many
amputees. In such cases, it is financially ex-
pedient to have on hand a complete prosthetic
armamentarium. If an amputee tries a device
which does not prove satisfactory, it can be
exchanged for another device without incur-
ring undue expense.

Choosing Components in Relation to
Functional Need

It is important to emphasize that most de-
cisions have to do with functional details, such
as the pattern and selection of the socket, sus-
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pension and control systems. These are often
more critical in assuring a good result for the
amputee than many of the details of mechani-
cal devices, such as elbow units and terminal
devices. However, mechanical devices must be
selected at the time of prescription, and a
policy for their specification should be agreed
upon.

This class of equipment is closely tied in
with the commercial interests of the wholesale
limb industry. It is considered to be in the
best interests of professional ethics and prac-
tice to specify the mechanical devices in terms
of their functional characteristics. For ex-
ample, the prescription should call for a posi-
tive locking elbow unit, rather than specifying
a device by its manufacturer’s trade name. It
1s proper, for the sake of simplicity, however,
to prescribe a specific manufactured product
by a trade name, followed by the phrase, “or
its functional equivalent.” This indicates what
is wanted, but does not rigidly tie the speci-
fication to a single product. Above all, every
effort should be made to abolish the outmoded
practice of uncritically specifying a “Dash-
Arm” without regard for whether its particu-

lar features suit the needs of the specific am-
putee case.

Terminal Devices

In some respects the prescription of ter-
minal devices is the most difficult. Partly this
1s due to the fact that there are many ter-
minal devices to choose from, while there are
relatively few of the other components.

Initial choice. The first problem is the ex-
tent to which the clinic is able to make an
initial judgment concerning the best selection
for the amputee. A study of 153 cases pre-
scribed for by more than 50 clinics participat-
ing in the PTC shows that 84 percent of the
times when a hook was prescribed, the pre-
scription called for a specific hook, and 95 per-
cent of the times that a hand was prescribed,
the prescription specified a particular ‘hand.
(The greater specificity of the hand prescrip-
tion was presumably due to the clinics’ philos-
ophy of functional restitution and the fact
that only one commercially available hand
was approved under the Artificial Limbs Pro-

gram—the APRL hand.) Evidently, the
clinics felt that in the great majority of the
cases a specific prescription could be made,
and used several principles based on general
experience as follows:

(a) If the amputee has a socially-oriented
vocation or avocation, he has need for
a functional cosmetic hand.

(b) If the amputee’s vocation or avocation
involves the performance of bilateral
activities requiring manual dexterity,
a hook is indicated.

(¢) If the amputee’s vocation or avocation
involves close contact between the ter-
minal device and highly abrasive or
corrosive materials, a steel hook is indi-
cated.

These three principles are of the most gen-
eral validity; many others bear only upon the
prescription of a limited number. of cases.
Thus, they vary with level of amputation,
multiple amputation, amputee preference, and
other factors too numerous to formulate.

Evaluation and change. The second prob-
lem in prescribing terminal devices involves
measuring the effectiveness of the initié}l
choice and making indicated changes. This
problem is the more difficult, and applies not
only to the terminal device but to the com-
plete prescription. Actually, clinics have
worked more or less on the trial-and-error
basis. If, after initial prescription, the ampu-
tee states that he is satisfied, the case 18
closed. If not, he is given another type of de-
vice for trial. There is, of course, a great ne-
cessity for principles of prescription to be
based on studies that have established their
validity beyond question.

Wrist Units and Combinations

The prescription of wrist devices
is related to sizing and interchange-
ability. The selection of standard
or interchangeable plan depends upon
several factors, First, it is be-
lieved that the interchangeable plan
is not desirable for BE's with more
than 80 percent of forearm length re-
maining. Also, amputees who wear
only hooks of conventional type
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may use the standard plan. Here, it should be
pointed out that ready interchange of hand
and hook is facilitated with the standard plan
if a manual lock type of wrist unit is provided.
The full interchangeable plan is designed for
the additional inclusion of a flexion unit, or
fairing sections, or the longer APRL voluntary
closing hook.

In the past, wrist flexion de-
vices have been prescribed for bi-
laterals, but other applications
are uncertain. Our data indicate
that if the unilateral amputee is
fitted with a wrist flexion device,
he tends to use it. However, this
conclusion is based on subjective
reports, and it must be realized
that there are no objective cri-
teria for the prescription of
wrist flexion units except in the
case of the bilateral amputee.

In the shoulder case, where lack
of forearm flexion power requires
that the effect of weight at the
distal end of the arm be minimized,
a forearm 1lift assist is indicated
if a flexion unit is prescribed.

Elbow Units

For the Below-Elbow amputee the
prescription of elbow hinges large-
ly depends on the prosthesis type.
The Long Below-Elbow prosthesis is
usually fabricated with flexible
hinges. Rigid hinges are used with
short Below-Elbow amputations in
those cases in which a Muenster
socket is not prescribed.

With regard to the step-up hinge
for the Very Short Below-Elbow am-
putee, questions have been raised
whether certain amputees can de-
velop sufficient torque to utilize
the split-socket prosthesis. How-
ever, if the amputee has sufficient
stump on which to fit the pros-
thesis, he will usually have suf-
ficient torque to flex the pros-
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thesis completely, especially if equipped with
an AE dual assist.

The prescription of elbow units for the
Above-Elbow amputee is straight-forward,
since all shoulder-operated units are function-
ally similar. The Elbow Disarticulation ampu-
tee is fitted with the outside locking elbow
hinge, and all others with a positive locking
alternating elbow unit.

RESPONSIBILITIES OF THE MEMBERS
OF THE PRESCRIPTION TEAM

Essential to the process of prescription is
the bringing together of the specialized knowl-
edge and services of each member of the pros-
thetic team. The physician must make all
final decisions, but he should rely heavily
upon the advice of his team. It is incumbent
upon him to recognize and demand a high
quality of performance from each member.
For these reasons it is desirable to emphasize
the responsibilities of physician, prosthetist,
and therapist, as follows:

Function and Responsibility of
the Physician

The physician should:

Understand the technical features of pros-
theses and the potential amputee performance.

Consult with all members of the prosthetic
team and with the amputee, so that the pre-
scription represents the combined judgment
of the group.

Prescribe and demand a high quality of
practice in physical therapy, fitting, and train-
ing.

Make all final decisions, execute and sign
the prescription.

Make final evaluation of the results of phys-
jcal therapy, fitting, and training; determine
that the prescription has been satisfactorily
filled.

Function and Responsibility of
the Prosthetist

Advise the physician on possible prosthetic
solutions for the case at hand.

Make measurements necessary for pros-
thesis fitting,



Fabricate (or order fabrication of) the
prosthesis.

Fabricate (or order) and fit harness and
control system.

Evaluate by careful test the functional re-
sults of prosthesis fitting.

Function and Responsibility of the
Physical Therapist, Occupational Therapist
and Amputee Trainer

Execute pre-prosthetic physical therapy of
the stump and body as prescribed by the phy-
sician.

Advise the physician on the prescription
of prosthetic components to facilitate the solu-
tion of anticipated training problems.

Administer the prosthesis checkout tests.

Train the amputee in prosthetic control mo-
tions, and in the use of the prosthesis in the
activities of everyday living, occupation, and
recreation.

Utilization of Outside Agencies
and Personnel

The physician, therapist, prosthetist, and
trainer are considered the necessary and per-

manent members of the clinic. They can, per-
haps, satisfactorily handle the large majority
of cases. However, the cases which are particu-
larly resistant to rehabilitation can often be
facilitated by employment of outside agencies
and personnel. The amputee who needs voca-
tional guidance should be referred to the State
Department of Vocational Rehabilitation.
Those requiring psychological aid should be
referred to the proper agency. Infrequently,
the clinic may feel that the ampuiee requires
a prosthetic modification which has not yet
been developed. In this instance, an enginecr
may be called into consultation.

In the ideal arrangement, the clinic will
form working arrangements with these out-
side agencies. Rather than simply referring
the amputee to the outside agency, the agency
can be asked, in a sense, to join the clinic until
the amputee’s problem is solved. In this man-
ner not only does the amputee benefit maxi-
mally, but the knowledge of rehabilitation will
be enhanced.
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GLOSSARY OF ANATOMIC TERMINOLOGY

Anatomical position

Anterior

Posterior

Proximal

Distal

Reference position of the body permitting
description of location and movements
The individual is standing erect.

Head . . . . . .Facing forward

Arms . . . . . .Parallel to the trunk,
straight at the sides.

Hands . . . . .Positioned so the palms
face forward.

Legs . « . . . .Straight

Feet . . . . . .Parallel to each other.

Toward the front,

Toward the back.

- = m e w e e -
- e e m m m wm = e = ==

Toward the head.

Away from the head.

__..-._._..—-_—--—-_- -

Toward the midline of the trunk.,

Away from the midline of the trunk.

Toward the trunk. Refers to the limbs,

Away from the trunk. Refers to the
limbs.,

Palmar (volar) surface

Dorsal surface. (Dorsum)

Plantar surface

Anterior portion of the forearm and hand.

Superior portion of the foot; posterior
surface of the trunk and upper limb.

Inferior portion of the foot.
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Sagittal plane

M{dsagittal (median) plane

Frontal (coronal) plane

Transverse plane

Any plane which divides the body into right and
left portions. All sagittal planes extend
vertically from the anterior to the posterior
part of the body.

Plane which divides the body into equal right
and left portions.

Any plane which divides the body into anterior
and posterior portions, All frontal planes
extend vertically from one side of the body

to the other,

Any plane which divides the body into superior
and inferior portions, All transverse planes
extend horizontally from one side of the body
to the other.

=t
p—t
o
k]

Palmar (volar) flexion

Dorsiflexion

Plantar flexion

To bend the limb in a sagittal plane.

Any muscle which bends the limb in a
sagittal plane,

Bending the limb in a sagittal plane.

Bending the wrist so the palmar surface of
the hand points toward the forearm.

Bending the wrist so the dorsal surface of
the hand points toward the forearm,
Bending the ankle so the foot points upward.

Bending the ankle so the foot points
downward.

Extension

Hyperextension

Straightening the limb in a sagittal
plane,

Extending the limb beyond anatomical
position.

Abduction

Adduction

Moving the limb away from the body in a
frontal plane,

Drawing the limb toward the bedy in a-
frontal plane.
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Internal (medial) rotation

External (lateral) rotation

Twisting the limb inward along its
long axis in a transverse plane.

Twisting the limb outward along its
long axis in a transverse plane.

Pronation of the forearm

Propation of the forefoot
(Pronation twist)

Pronation of the entire foot

Turning the forearm so the palm faces
backward,

Depressing the first and second metatarsals
and elevating the fourth and fifth
metatarsals.

Turning the medial border of the foot
downward so the sole faces outward. Motion

occurs around a theoretical horizental
axis, perpendicular to the frontal plane.

Supination of the forearm

Supination of the forefoot
(Supination twist)

Supination of the entire foot

Turning the forearm so the palm faces
forward.

Elevating the first and second metatarsals
and depressing the fourth and fifth
metatarsals,

Turning the medial border of the foot
upward so the sole faces inward. Motion
occurs around a theoretical horizontal

axis, perpendicular to the frontal plane,

Inversion

Eversion

Movement, primarily of the foot, combining
plantar flexion, supination, and adduction.
The term varus applies to the resulting
deformity of the foot.

Movement, primarily of the foot, combining
dorsiflexion, pronation, and abduction.
The term valgus applies to the resulting
deformity of the foot.

Circumduction

Circular movement combining flexion,
abduction, extension, and adduction.
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UPPER-LIMB ANATOMY

The upper limb, like the lower, is connected by a girdle to the trunk,
and presents three segments; the arm, forearm, and hand. The skeletal,
articular and muscular arrangements of the upper extremity are similar to
those of the lower one. The upper limb, however, is characterized by con-
siderable mobility while the lower extremity's main function is stability.
This distinction greatly affects the type of support or replacement that {s
needed by the disabled individual,

This chapter divides upper extremity anatomy regionally: the shoulder

and arm, the elbow and forearm, and the wrist and hand.

Sternoclavicular Joint 7TH CERVICAL

VERTEBRA
1ST THORACIC
Shoulder { CLAVICLE VERTEBRA
Girdle SCAPULA 1ST RIB
2 Glenohumeral
oint
Acromioclavicular : J
Joint
HUMERUS K STERNUM
{arm)
_ 12TH RIB
Elbow Joint ﬂi
Proximal
Forearm { s J 4 Radioulnar
ULNA f ..1 JO int
: pistal Radioulnar
CARPUS Joint

T/ V&N \t
METACARPUS ___'_- "' \ I '.\- Wrist Joint

PHALANGES —--{ ﬁ\‘

Figure 1
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SHOULDER AND ARM

Nowhere in the body is there such anatomic cooperation as in the move-

ments of the arm on the trunk. The arm travels through a wide range of motion

because of close relationship between the arm and the shoulder bones. Many

movements depend upon the support and stability provided by muscles that have

extensive origin from the ribs and vertebrae.

Shoulder Girdle
Two bones are primarily involved in the movements of the shoulder;

the
scapula (shoulder blade) and the clavicle (collar bone) (Figure 1).

The scapula is a triangular bone with its base upward and apex or in-

ferior angle, downward (Figure 2).

On its lateral aspect is an oval, Coracold process Acromion

shallow surface, the glenoid

cavity (shoulder socket) which

receives the head of the humerus o
(arm bone). The tip of the cavity
shoulder is formed by the broad Medial I Slbarai]
acromion process which extends margin margin

like a shelf over the shoulder
joint, and can be palpated easily.
The anterior end of the acromion
joins the clavicle, while the Figure 2

posterior portion is continuous with

the spine of the scapula. The spine is a subcutaneous ridge of the bone, €X-
tending obliquely across the upper portion of the posterior surface of the
scapula to its medial border. A bent finger-like process, the coracoid process,
is the anterior projection of the scapula; it lies below the lateral portion

of the clavicle. -

The clavicle is a slender S-shaped bone that lies horizontally in the
upper part of the chest, The medial end articulates with the sternum (breast

bone) and the lateral end with the acromion.

Seventh Cervical Vertebra
All the vertebrae in the cervical region (there are seven) have short

spinous processes; C-7, which has an unusually long one, can be felt as
a prominence posteriorly at the base of the neck (Figure 1). Since it is

easy to palpate, it is an important landmark.
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Humerus

The humerus (arm bone) consists of a Head

<

shaft and two enlarged ends (Figure 3).
The shaft is covered with muscles but both
ends can be felt. The proximal end is
formed by the smooth, rounded head that
fits into the gelnoid cavity of the

scapula. The distal end has two

g ""'m..—-wnﬁ‘g_’ -

‘articulating surfaces, the medial and

lateral condyles. Just above the

condyles the bone flares into two Lateral
prominences called the medial and Epicondyle

{ak Y Medial
ateral epicondyles, ¢ Epicondyle

A e

Figure 3

Joints of the Shoulder Girdle
The bones of the shoulder region are joined together at three principal
acromioclavicular; and glenchumeral

articulations: the sternoclavicular;

joints (Figure 1).
The sternoclavicular and acromioclavicular joints contribute to the
These joints are freely moveable, gliding

movement of the shoulder girdle.
Movements are defined as:

type, which allow some motion in all directions.

elevation (raising shoulders toward the ears);
elevation, lowering the shoulders); adduction or retraction. (pulling the
3

shoulders back); abduction or protraction (moving them forward) (Figures 4
]

and 5). Rotation, in which the shoulder socket tilts upwards or downwards,
] »

depression (the reverse of

also occurs.

40° Elevation 30% Adduction

4

30° Abduction

10°Depression

Figure & Figure 5
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Shoulder Joint
The glenohumeral (shoulder) joint is a ball-and-socket type which is

the most freely moveable in the body, It allows flexion, extension, abduction,

adduction, and internal and external rotation. (Figures 6, 7, 8)

1800 Flexion

/ 180 Abduction
Hyperextension 750 | Cross
60° adduction

0% Extension

Figure 6 Figure 7

B/E Stump (Elbow flexed to 909

~External 60° o
rotation 80 Internal
rotation
Figure 8
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Scapular Muscles

The muscles of the shoulder region fix the shoulder girdle to the trunk

and control the movements and positions of the arm at the shoulder.

The right and left trapezius muscles radiate like a kite from the back
of the head, the scapulae, the outer borders of the clavicle, and all the
thoracic vertebrae (Figures 9 a,b and 10). 1Its numerous functions depend on
which of its fibers are acting. The upper fibers are primary elevators of the

shoulder girdle.

The middle fibers of the trapezius lie between the spinal column and
the medial border of the scapulae; when they contract, they tend to adduct
the scapulae.

The lower trapezius' line of pull is downward; they are the ma jor

scapular depressors.

1) -

V7,

eres major

Pectoralis major

Deltoid

Coraco-brachialil

Biceps bmchiiJ

Brachialis A Latissimus dor:i
Brachio- l'\ Serratus anterior
Gt & External onlique

4 ¥
Extensor carpi )  £ Rectus abdominis
radialis longus 'i;,

)

Figure 9 a
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Extensor carpi

Trapeziu:
radialis longus

Brachjo-

) i@"‘ radialis 7 Deltoid
A ; A
N\ . .

Tvizeps brachii
Extensor
digitorum Teres ma jor Biceps brachii
communis

Latissimug dorsi Flexor carpi

radialis

Flexor carpi
ulnaris

Figure 9

Figure 10
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The serratus anterior attaches to the lateral sides of the ribs, passes
under the scapula to the insert on its anteromedial border; its contraction -

produces abduction of the scapula (Figure 11).

Gerratus Anterior,
front view

Figure 11

Humeral Muscles

The shoulder joint has three
muscle forms a cap over this joint,
to it, to contribute to all of these motions

principal axes of movement. The deltoid

passing anterior, lateral and posterior

(Figures 9 and 12).

-

—

Deltoid muscl: Flexion Extension Abduction

Figure 12
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The anterior portion from the clavicle
to the humerus is the primary shoulder
flexor since it is in front of the joint.
The pectoralis major also arises from the
clavicle medially and inserts into the

upper humerus, and thus is another

shoulder flexor (Figure 13).
Pectoralis major
The posterior fibers of the

deltoid originate from the spine of the Figure 13
scapula and join the other fibers of

the deltoid in a common insertion on the
humerus, Since the posterior fibers lie
behind the joint axis, they act as exten-
sors, Also crossing the shoulder
posteriorly is the latissimus dorsi, a
broad, flat muscle which attaches to the
spine, ilium and lower ribs, and the
humerus (Figure 14)

When the entire deltoid muscle
contracts, it functions as the
principal abductor of the shoulder since
it spans the joint laterally. The

Supraspinatus contributes to this motion

because of its position over the shoulder

Joint (Figure 15). Latissimus dorsi
The latissimus dorsi in back and the
Figure 14
pectoralis major in front course medial to
the joint, and are the important shouldexr
adductors. The pectoralis major forms the
fleshy portion of the upper chest,
-
Supraspinatus

Figure 15

-208-



Numerous obliquely placed muséles act
to rotate the arm internally and externally.
Others close to the joint function as stabil-
izers of the shoulder joint. Some of the
muscles already mentioned have, with their
other actions, the ability to act as rotators
depending on their angle of pull. The
Latissimus dorsi is a strong internal
rotator. The posterior fibers of the deltoid

are powerful external rotators.

Deltopectoral Groove
A significant location in the

upper extremity is the cleft between the
deltoid and pectoralis major muscles,
naemed the deltopectoral groove or
triangle (Figure 16). It is quite easily

palpated.

Axilla
The axilla (armpit) is a pyramid-

shaped space between the arm and the chest
(Figure 16). It is bordered by the
pectoralis major anteriorly and the
latissimus dorsi posteriorly. Through it
pass the axillary vessels and nerves from

the neck to the arm.

ELBOW AND FOREARM

The upper limb has unique functions.

Deltopectoral
groove

Maltcold

Pectoralis
ma jor

Figure 16

Olecranon

== lllna

Radius —= §

\

\

S

\

\

N

Styloid Styloid
process procnss

Right radius and ulna,
anterior view

Figure 17

The ultimate purpose of all

shoulder motion is to increase the area through which the hand may move. The

elbow lengthens and shortens the extremity while the forearm positions the hand

for more accurate placement.
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The Radius and Ulna - g
The radius is the lateral bone of the forearm (Figure 17). It is covered

by muscles proximally; distally it broadens for articulation with the bones of

the wrist and has a pointed styloid process on the lateral aspect.

The ulna is the longer, more medial bone of the forearm (Figure 17).
The proximal end is enlarged by a projection on the back of the elbow, the

olecranon process (particularly prominent when the elbow is flexed). The
distal end has a sharp medial styloid process.
Elbow Joint

Axis

This hinge type of freely movable —~ — for flexion

Joint is formed by the humerus and the gé:i: #5d ExamEE
ulna (Figure 18) . It has a single axis
to permit flexion and extension only
(Figure 19), riggth:ir
joint
Radio-ulnar Joints Axis for
The connections between the //// E;gn253228t1°“

radius and the ulna allow the radius
f————— Distal

radioulnar ’
joint

to rotate around the ulna. In ana-
tomic position the bones lie parallel Wrist joint
(supination); when the radius crosses

the ulna the forearm is pronated

(Figure 20), These motions are made

possible by two separate, freely movable

articulations which are pivot joints: The

pProximal radioulnar joint and the distal

redioulnar joint (Figure 18),

AN 150° Flexion /

Extension SupinﬂtiOﬂ onation

Figure 18

' Figute 19 & Figure 20
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Elbow Muscles

Flexion of the elbow is accomplished by three muscles: biceps, brach-
;alis, and brachioradialis. The biceps is the prominent muscle on the front
of the upper arm, and is so named because it has two heads arising from the
scapula (Figure 21 a,b). Both proximal tendons run in front of the shoulder
joint to function as shoulder flexors. The sections of the biceps unite, and
cross anterior to the elbow joint to insert into the forearm. The brachialis
and brachioradialis have attachments on the humerus and the forearm, lie antericr

to the elbow joint, and aid in flexion of the elbow(Figures 22 and 23).

Biceps brachii muscle

Figure 21 a

prachialis
muscle

Figure 23

Figure 22
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The triceps is the large muscle on the posterior aspect of the arm. It

has three heads, as the name implies; one attaches to the scapula to contribute

The other two originate from the humerus. All

to extension of the shoulder.
Since the

three parts join to insert into the olecranon process of the ulna.
triceps passes behind the elbow joint, it is the important extensor of the

elbow (Figure 24).

Forearm Muscles
Muscles capable of supination arise from the lateral epicondyle of the

humerus and insert on the radius. The biceps and supinator are the most im-

portant supinators of the forearm (Figure 25 a).

Biceps
brachii

Pronator
teres

Supinator

Pronator
quadratus

Hand
pronated

Hand
supinated

2

Figure 24 Figure 25 a Figure 25 b
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The pronator teres originates from the region of the medial epicondyle
and inserts into the ulna. The pronator quadratus runs transversely between
the distal parts of the radius and ulna (Figure 25 a,b),

WRIST AND HAND
Anatomically the hand of man is a highly developed, complicated mechanism
capable of many different movements, The arrangement and interrelationship of

29 bones, more than 25 joints, and over 30 muscles complicates the task of

rehabilitating the disabled hand.

Bones of the Hand
Below the radius are the eight carpal (wrist) bones arranged in two rows
Beyond these small bones are the five metacarpal bones which

Joining each metacarpal are phalanges (finger

of four bones each.
form the framework of the hand.
bones). The thumb has two phalanges, each of the medial four fingers has three

phalanges (Figure 26).

frm————n Radiocarpal (wrist)

CARPAL BONES { ’
: s ‘. Intercarpal
METACARPALS < Carpometacarpal
1]
A

Metacarpophalangeal
Interphalangeal , T
]
I
! Proximal
interphalangeal
PHALANGES -¢ \ N e
p—DNistal

20—

’ r r interphalangeal

‘Bones and joints of the hand and wrist

Figure 26
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Wrist Joint
The joint is a freely movable condyloid joint which permits motion in

two planes, the sagittal and fromtal (Figure 27). It allows palmar flexion

(hand towards front of forearm), dorsiflexion (hyperextension or hand towards
back of forearm), abduction or radial deviation (hand towards thumb side),

adduction or ulnar deviation (hand towards fifth finger side) and circumduction

(the combination of all these motions) (figure 28 and 29).

Joints of the Hand
The joints between the first and second row of carpal bones, the inter=-

carpal joints, are freely movable, gliding joints allowing slight motion in all

directions. They augment wrist motion (Figure 26).

The carpometacarpal joints are gliding joints with very limited motion
(Figure 26).
The metacarpophalangeal junctions are condyloid joints which allow one

to abduct and adduct as well as flex and extend the fingers. The inter-

phalangeal joints are hinged permitting only flexion and extension (Figure 26).

Figure 27

o Abduction :
70 Dorsiflexion 20° Adduction

30°

- :
80 Palmar , \

flexion

Figure 28 Figure 29
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The carpometacarpal joint of the thumb is unique among the joints of
hand. It is a saddle joint at which great amounts of flexion, extension,

adduction, and abduction occur. In addition, its special construction
allows the thumb to rotate into opposition so that the thumb may face other
fingers (Figure 30). This variety and freedom of motion is largely responsible
for the dexterity of the human hand.
Muscles of the Wrist and Hand s:;:z:;ular

The function of the hand depends on

the teamwork of many muscles. Most of them

move the wrist as well as the fingers.
They will be discussed here in terms of

group actions (see Figure 9 for general

1st Metacarpal

location).

The majority of muscles located in

the anterior portion of the forearm cross Carpometacarpal joint of thumb

in front of the wrist and are capable of Figure 10

flexing that joint. If they bridge the
anterior side of the finger joints, they

become finger flexors also.
Conversely, muscles on the posterior surface of the forearm which cross
" 3

behind the wrist joint and/or finger joints are extensors.
muscles which originate and insert in the hand aid in finger

11
A rinsic muscles. Their names usually

motions, and are referred to as the int
their location: thus, the opponens pollicis

11 as
indicate their function as we
while the interossei lie between the bones.

opposes the pollex (thumb},
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FUNCTIONAL SUMMARY OF MAJOR UPPER EXTREMITY MUSCLES

SCAPULAR MUSCLES

Elevators
Levator scapulae
Upper trapezius
Abductor

Serratus anterior

Flexors

Anterior deltoid
Pectoralis major
Abductors

Deltoid
Supraspinatus

Flexors

Biceps
Brachialis
Brachioradialis

Pronators

Pronator quadratus
Pronator teres

HWMERAL MUSCLES

ELBOW MUSCLES

FOREARM MUSCIES
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Depressor
Lower trapezius

Adductors

Middle trapezius
Rhomboids

Extensors
Posterior deltoid
Latissimus dorsi
Adductors

Pectoralis major
Latissimus dorsi

Extensors

Triceps

Supinators

Biceps
Supinator



UPPER-LIMB ANATOMY WORKSHEETS

—

Cervical
spine

Dorsal
spine ? Thorax
Spinal
column 1

Lumbar

spine '
S
acrum . pelvis
Coccyx @‘
e , "
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BONES OF THE LEFT UPPER EXTREMITY

# RUMERUS
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The sizing and fitting of an upper-extremity
prosth&;is requires a knowledge of the bones,
joints, and muscles of the arm. Selection of the
type of prosthesis and sizing it for length and
girth are absolutely dependent upon accurate

. Mmeasurements, as is the mechanical function-

ing of the prosthesis. The measurements must
be the same, whoever makes them — which
means they must be taken at standard loca-
tions by standard techniques. In the past,
prosthetists often took measurements in a
different manner, with the result that misfits
appeared between wrap and checkout. Also,
misunderstandings occurred with medical doc-
tors and therapists because they were using
different measurements and different termin-
ology.

Bones and Body Landmarks

The bones which are of most concern in
upper-extremity prosthetics are the clavicle
(collarbone), the scapula (shoulder blade),
humerus (upper arm bone), ulna (one of the
two bones in the forearm), and the seventh
cervical vertebra, These are all shown in Fig-
ure I-1. Following is a description of each of
these landmarks, and a method of locating
them, .

Thorax The chest.

Clavicle This slightly S
from the upper chest center to &
It can usually be clearly seen an
palpated from end to end.
Acromion 'The acromion process is the lateral
extension of the spine of the scapula. It can be
identified by running the finger along the
clavical laterally until it passes over a joint.
which can be felt as a depression. I{nmeduately
lateral to the joint is the acromion proce}-l%
itself. The top surface of the bone just at the
end of the acromion is the point used in pros-

; ts. The arm should be
thetic measurements rted at the elbow

slightly abducted and suppo
to relax the shoulder muscles and make palpa-
tion of the acromion easier.

ﬁhaped bone runs
he shoulder.
d is easily

Deltopectoral Line This is the line of shoul-
der flexion. To locate it, place the fingertips
lightly on the front of the shoulder just inside
the bulge of the shoulder. As the subject flexes
the shoulder back and forth, gently slide the
fingertips in toward the chest—just far enough
to touch flesh that is not moving. This locates
the line of shoulder flexion when the outside
of the finger touches moving flesh, while the
inside edge of the finger rests on flesh that is

not moving,

DELTO-
PECTORAL

LINE CLAYICLE

ACROMIDN

EPICONDYLES

} RADIUS

CARPALS

META-
CARPALS

FIGURE I-1A. Bones and Body Landmarks
{Front View)

Axilla This is otherwise known as the armpit.
While not as precise as a bony point, it is
important in prosthetic measurement. To lo-
cate it, have the amputee sit or stand with
arm hanging at side. Slide a flat hand, index
finger side up, into the armpit using gentle
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pressure upward. The upper edge of the index

finger defines the axilla.

Epicondyles These are the flared ends of the
humerus at the elbow, and are best located
by palpation as follows. Encircle the upper
arm with thumb and forefinger. Holding a
rather firm grip, slide the hand down the arm
until the flares of the bone are felt. The widest
part of these flared ends, the epicondyles,
represents the axis of elbow bending. Pinch
the epicondyles between the thumb and fore-
finger tips and move the forearm through its
range of flexion. If the fingers are not dis-
placed, the location is verified.
Radius and Ulna The bones of the forearm.
In forearm rotation, the radius rotates around
the fixed ulna,

Carpals The small bones of the wrist and
proximal part of the hand,

Metacarpals Bones of the hand hetween the
carpals and the fingers.

SEVENTH
CERVICAL '
YERTEER..
SPINE !)
OF THE
SCAPUL A

£

SCAPUL A RN
;
;

INFERIOR :

AHGLE OF :

THE Y

SCAPUL A

HUMERUS el

|
OLECRANON =

FIGURE i-1B. Bones and Body Landmarks
{Rear View)

Seventh Cervical Vertebra This vertebra at
the shoulder level is identified by its posterior
projection. Have the subject bend his head
forward. Looking across the spine at shoulder
level, the bulge of the seventh cervical becomes

apparent. This should be checked by palpation
to verify the prominent point.

Scapula The shoulder blade.

Spine of the Scapula This large transverse
ridge on the scapula can usually be seen, ex-
cept in very fleshy or muscular people. To
palpate, start with the acromion process and
trace the ridge toward the center of the
back.

Inferior Angle of the Scapula The inferior
angle of the scapula is the lowest medial tip
of the bone. It is found by placing a finger on
the border of the scapula closest to the spine
and tracing downward to the lower end of
this border. The inferior angle is the point at
which the border turns outward and upward.
Humerus The upper arm bone.

Olecranon Process This part of the ulna is
the prominent bony projection at the posterior
angle of the elbow. To identify this point,
have the subject flex the forearm to 90 degrees.
The lower bhack portion of the elbow, which is
easily seen and felt, is the olecranon.

Ulnar Styloid The styloid is easily seen as a
projection on the back of the wrist. The fore- -
arm should be flexed to 90 degrees, and fully
pronated. The prominence on the lateral (little
finger) side of the wrist is the styloid process.

STUMP MEASUREMENTS FOR

FITTING AND SIZING

Girths Measurements of the stump are taken
at regular two-inch intervals, measuring from
the lateral epicondyle in the BE, and from the
acromion in the AE, as shown in Figure I-3.
Two-inch intervals are laid off on the stump
with a body marking pencil, but the last mark
is always placed one inch from the stump end.
The tape should be drawn firmly around the
stump without deforming the tissue, but no
slack should be permitted. Girths are recorded
to the nearest 14 inch. The technique of
measurement is illustrated in Figure I-4.

Lengths Required length measurements are
also shown. Two length measurements are re-
quired for the Above-Elbow stump: from the
acromion to the end of the stump; and from
the axilla to the end of the stump. The Below-
Elbow stump is measured from the lateral epi-
condyle to the end of the stump. Firm pres-
sure must be applied to the stump end to lo-
cate the bone end and to avoid uncertainty
due to flabby flesh.
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Prosthetist

UPPER -LIMB MEASUREMENT CHART

Patient's Name

Date

Amputation Date

Amputation Type Re, ____ Left ___ Color Guide No.

Height Age Sex: Male

Socket: Double Wall _____ Single Wall Split ____
Muenster Shoulder Cap ___

Hook Hand Wrist Hinge

Shoulder Joint Cuff Harness

Special Considerations

Female

Elbow

Control System

Acromion

Epicondyle

Styloid

Thumb
Tip

= Length

FIGURE I-3

~-229-

Acromion

!

Epicondyle



In addition, measurements are made of the
sound arm of the unilateral: acromion to lat-
eral epicondyle (Dimension A); and lateral
epicondyle to thumb tip (Dimension B). Note
that both are straight line dimensions, and
for this reason measurements by calipers are
most accurate. If a tape measure is used, the
projected or straight line distance should be
taken. Figure I-4 shows a length measurement
being made with caliper. For bilaterals, on
whom these measurements cannot be obtained,
ratios can be applied as explained at the end
of this chapter.

FIGURE |-4. Technique of Girth and Length
Measurement

DETERMINING AMPUTEE TYPE

The firstconsideration in selecting the equip-
ment for an amputee is the amputation level.

Figure I-5 shows the levels demarcating the
various amputee types. The three categories
of shoulder amputation are designated only
by characteristic level, ie., total removal of
the clavicle and scapula, disarticulation at the
glenohumeral joint, and amputation through
the humeral neck. Above-Elbow levels are de-
fined in terms of percentage of the acromion-
to-epicondyle length.

Below-Elbow types are classified in accord-
ance with the epicondyle-to-styloid Jength,
while the transcarpal category includes losses
at any level below the wrist continuing down
to about mid-metacarpal level. More distal
losses are so variable and so questionable as to
prosthetic replacement that further classifica-
tion is not practical.

The formulas for calculating percentage
lengths are presented below:

Unilatera]l AE:

Stump Length x 100
%

~ Sound Arm Length

Unilateral BE:

__Stump Length x 100
¢ =~ Sound Forearm Length

Since sound side dimensions will not always
be avgilable for bilaterals, indexes must be
used in computing the percentage length.
These Carlyle indexes are based on the ratio
of average arm and forearm length to total

height,
Bilateral AE:

" §_t_1_1-_r§p Length x 100
Height {inches) x 0.19

Bilateral BE-

e Stu'mp Length x 100
Height (inches) x 0.14
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SHOULDER: FOREQUARTER

dMOULDER: DISARTICULATION

SHOULDER: HUMERAL NECK

SHORT ABOVE-ELBOW

STANDARD ABOVE-ELBOW

ELBOW DISARTICULATION

VERY SHORT BELOW.ELBOW

SHORT BELOW-ELBOW

LONG BELOW-ELBOW

WRI1ST DISARTICULATION

TRANSCARPAL

FIGURE 1-5. Amputee Type Based on
Amputation Level
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LENGTH SIZING OF THE PROSTHESIS

The objective here is to match prosthesis
length to the critical dimensions of the normal
arm. The two basic types of prosthesis are
shown in comparison to a normal arm in Fig-
ure I-6. Four important dimensions are the
basis for prosthetic sizing, Dimensions A, B,
C, and D.
Dimension A This measurement extends from
the acromion to the lateral epicondyle in the
natural arm, and from the acromion to the
elbow hinge center of the Above-Elbow and
Shoulder types of prothesis. It therefore deter-
mines the lengths of the arm portions of these
prostheses so that the elbow placement will be
proper. For the unilateral, Dimension A will
be obtained from the measurement of the
sound side, as shown. For the bilateral, Dimen-
sion A can be obtained as explained at the
end of this chapter. The forearm sections of
Above-Elhow prostheses are sized in accord-
ance with the Below-Elbow dimensions given
below,
Dimension B This measurement extends from
lateral epicondyle to the natural thumb end.
The thumb should be drawn in against the
index finger when the dimension is taken. In

ACROM | ON

— — —

EPICONDYLES _ _

THUMB TIP

NORMAL ARM

unilaterals it is, obviously, measured on the
sound arm; in bilaterals, the procedures are
explained at the end of this chapter. The selec-
tion of the thumb tip as the appropriate ter-
minal point for a prosthesis with a hook is
based upon prosthetic experience rather than
any particular theory.

The Sizing Plans

Standard Plan

This plan permits only limited interchange-
ability, no wrist unit, and limited accommo-
dation for the artificial hand. It can he used
for either AE or BE amputees. For BE ampu-
tees of longer than 80 percent of the epicon-
dyle-to-styloid length it is the only feasible
plan.

The BE prosthesis shown in Figure I-6 is
sized to the Standard Plan. The prosthetic
forearm length (Dimension C) is planned to
correspond to the epicondyle-to-styloid length
minus 5 inches. Then, a terminal device such
as the APRL hand will match the sound arm
in length to the thumb tip. The possible ter-
minal device combinations with the standard
plan are shown in Figure 1-7.

Forearm length for the AE and BE

FIGURE 1-6. Prosthesis Length Dimensions for Sizing
Dimension C demonstrated on Below-Elbow Prosthesis
Dimension D demonstrated on Above-Eibow Prosthesis
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prostheses, except for Wrist Disarticulation
and Transcarpal types, will then be found by
subtracting 514 inches from the epicondyle to
thumb tip length.
Dimension C = Dimension B — 514 in.
Dimension B is shown for a range of ampu-
tee sizes in Table I-1.

interchangeable Plan

This plan (Figure I-6) is designed to ac-
commodate all terminal devices and wrist
units. The forearm lengthener with hand fair-
ing provides a more satisfactory fitting of a
prosthetic hand. It also permits interchange
with a short hook. In this plan the forearm
is made 11 in. shorter than that used for the
Standard Plan. The prosthetic forearm length
is obtained by subtracting 634 in. from the
epicondyle to thumb tip length.

Dimension D = Dimension B — 634 in.

These arrangements for various types of
terminal devices and wrist unit combinations

are shown in Figure I-7. Dimension D, the
reduced forearm length, is shown for a range
of amputee sizes in Table I-1.

Table I-1 below can be used to determine
the maximum forearm stump length which can
be accommodated within the sizing schedules
for the Standard and Interchangeable plans.
Since the wrist units (caps) are approximately
3, inch in length and socket lamination takes
up another 1 inch, an allowance of one inch
should be made. For the Standard Plan, Di-
mension C minus 1 inch gives the maximum
stump length. For the Interchangeable Plan,
Dimension D minus 1 inch gives the maximum
stump length. Longer stumps than these will
not fit within the sizing plans, and the hook
or hand may protrude beyond the natural
thumb length.

Sizing the Bilateral Prosthesis
Without the presence of a normal arm as a
sizing reference, guidance must be obtained

TABLE I-1. ARM AND FOREARM LENGTH SIZING

1 2 3 4 5 6 7
Standard Plan Interchangeable Plan
Amputee Dimen. Dimen- Dimen- AE Fore- Dimen- AE Fore-
Height sion A sion B sion C arm Size sion D arm Size

{in.) (in.) (in.) (in.) (in.) (in.) (in.)
60 114 12.6 75 - 7.5 6.2 6.0
61 11.6 12.8 7.7 7.5 6.4 6.5
62 11.8 13.0 7.9 8.0 6.6 6.5
63 12.0 12.2 8.1 8.0 6.8 7.0
64 12.1 13.4 8.3 8.5 7.0 7.0
65 12.4 13.6 8.5 8.5 7.2 7.0
66 12.5 13.9 8.8 9.0 7.5 7.5
67 12.7 14.1 9.0 9.0 7.7 7.5
68 12.9 14.3 92 9.0 7.9 8.0
69 13.1 14.5 9.4 9.5 8.1 8.0
70 13.3 14.7 9.6 9.5 8.3 8.5
71 13.5 14.9 9.8 10.0 8.5 8.5
72 13.7 15.1 10.0 10.0 8.7 8.5
73 13.9 15.3 10.2 10.0 8.9 9.0
74 14.1 15.5 10.4 10.5 9.1 9.0
75 14.2 15.8 10.7 10.5 9.4 9.5
76 14.4 16.0 109 11.0 9.6 9.5
i1 14.6 16.1 11.1 11.0 9.8 10.0
78 148 16.4 11.3 11.5 10.0 10.0
Code:

Dimension A—Acromion to lateral epicondyle (elbow hinge center)

Dirension B-—Lateral epicondyle to thumb tip

Dimension C—Lateral epicondyle (elbow hinge center) to face of wrist unit
Dimension D—-Lateral epicondyle (elbow hinge center) to face of wrist unit
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from average human measurements. For Di-
mension A, the Carlyle index is the ratio of
acromion-to-epicondyle length to height.

Dimension A = height in inches x 0.19
The index used to compute Dimension B is the
ratio of epicondyle-to-thumb-tip length to
height.

Dimension B == height in inches x 0.21

Table 1-1 provides these dimensions for a
range of body heights (Columns 2 and 3) so
that calculation is not necessary. The ratios
for women are close enough to those for men
so that the table may be used for both.

Selecting the Commercial Forearm
For a Unilateral AE

Table I-1 can also be used in selecting the
length of the commercial forearm for a given
AE case. As these are available in half-inch

steps, the ‘commercial size nearest to Dimen-
sion C is shown in Column 5 for the Standard
Plan. That nearest to Dimension D is given
in Column 7 for the Interchangeable Plan.

GIRTH SIZING OF THE PROSTHESIS

So far, our discussion of sizing has been con-
fined to prosthesis length. Single wall sockets
formed to the stump, and double wall sockets
formed according to the instructions in this
manual, will be of suitable girth for the ampu-
tee's general build. However, in selecting elbow
units and forearms for the AE case, attention
should be given to small size or slenderness
of the amputee. Medium sized elbows with
matching forearm sections are now commer-
cially available for women and thin men; they
should be used when a midarm girth under 8
inches is needed.
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Fabrication of

Below -Elbow Prostheses

THE FUNCTIONAL ROLE OF SOCKETS

The principal compenents of & Below-Elbow
prosthesis are the socket, wrist unit, elbow
hinge, and arm cuff. The socket is the founda-
tion of the prosthesis. It must have purchase
upon the stump and should be stable, though
comfortable, in its fit with the stump. The
socket must bear weight both axially and in
all lateral directions. The mechanical com-
ponents, control guides, and retainers are
attached to it. So it must be structurally sound
as well as being custom fitted. Finally, the
socket extends the control function of the
stump to which it is fitted, giving movement
range and direction to the prosthesis.

Sizing has now been reduced to standard
practice as previously described. The

requirement of formability and strength
in socket materials has been satisfac-
torily met by the introduction of plas-
tic laminates, These materials permit
close fitting to the stump impression,
- by procedures in which negative and
 -then positive molds are made, Varia-
tions in strength can be introduced by
variations in formula, reinforcing
material, and number of laminate lay-
ers. A final feature of great impor-
tance i{s that the texture and coloring
of the plastic laminate can be con-
trolled to achieve satisfactory cos-
metic results.

Forearm Rotation (Pronation-Supination)

Unfortunately, the socket stability needed
for flexion interferes with rotation. Stumps
that are 50 percent or less of normal forearm
length have no residual rotation. With longer
BE stumps, the proximal part of the socket
can be cut down to give freedom for rotation,
while the distal part provides stability by its
grip on the stump. About half of normal fore-
arm rotation is available to the wearer of a
Wrist Disarticulation socket.

Short BE
- A double-wall socket increases axial sta-

bility (reducing piston action of the stump
in the socket).

It is impractical to preserve the residual ro-
tation (usually less than 60°), so rigid or
semi-rigid hinges are used to prevent slippage

e

while permitting full 135 degrees of flexion.
Manual rotation is provided by the wrist unit.

The half cuff with or without billet adds to
stability of the prosthesis on the arm and
serves as an anchor for the control cable re-

action point.

Long BE or Wrist Disarticulation

Proper forming of the distal portion of the
socket into a ‘“screwdriver” shape provides
enough purchase to transmit at least half the
residual rotation to the prosthesis. Additional
manual rotation is provided by the wrist unit.

A double wall socket increases axial sta-
bility; single wall construction may be used
where stump shape permits. The anterior
proximal portion of the socket is shaped to
allow a full 135 degrees of flexion and to
minimize the restriction in rotation, while the
posterior part distributes flexion loads along
the total stump length.
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Flexible hinges with cross-hanger prevent
slippage without inhibiting rotation. :
A triceps pad usually provides enough sta-
bility on the arm and reaction point anchor-

age. '
Transcarpal

In addition to allowing full forearm flexion
and nearly full rotation, the socket permits
some regain of residual flexion at the wrist.
Manual rotation is also provided by the wrist
unit. :

Flexible hinges and cross-hanger yield axial
stability without sacrificing rotation or wrist
flexion, :

The triceps pad supplies stabilization, as for
the Long BE.

Because of the great variation in stump
length and configuration, a more specialized
type of prosthesis may be desired. Successful
prostheses have been fabricated which use
foam-rubber-lined sockets, plastic or leather

-y

forearm cuffs, and other modifications to im-
prove the stability and comfort on the stump.

DESCRIPTION OF FABRICATION
OPERATIONS
Review of Prescription
The prescription is the basis for all pros-
thetic work. It is the result of a careful study
by the prescription team of the desires and
needs of the amputee, and it must be followed
to the letter. The prosthetist should contrib-
ute ideas concerning the case during the pre-
scription meeting and should thereafter work
in accordance with the form, unless some ob-
vious discrepancy becomes apparent. In the
latter case, he should get in touch with the
physician and state the problem to him.
Reviewing the prescription will not only re-
call the particulars of the case, but it will
- also insure preparation of supplies and com-
ponents so that work can begin without delay
when the amputee arrives.

Measurements .

Accurate measurements of the stump and
sound arm are necessary for successful fitting.
The cast is often slightly different
in size and shape because of diffi-
culties in taking the mold, so accu-
rate stump measurements are required
to check subsequent shaping of the
cast.,

The Mold or Wrap :

The first reproduction of the stump
is a negative plaster mold, often
called the wrap, since it is made by
wrapping the stump with plaster of
Paris bandages. While other methods
may be used, the plaster wrap seems
to be the most practical method of
obtaining a satisfactory impression.

The Cast or Model )

The second reproduction is a posi-
tive plaster of Paris cast made from
the mold. It is shaped to include
all necessary reliefs and changes to
insure a proper and comfortable fit
of the socket,

The Check Socket

The third impression, often called
the check or test socket, i1s formed
of stockinet and wax and is a nega- -
tive reproduction made from the mod-
el, It includes the changes to the
model, such as relief areas. Since
it is easily re-formable after trial
on the stump, it enables the prosthe-
tist to make necessary revisions in
fitting and prevents or minimizes
changes to the plastic socket.

The Lamination Cast or Model

The fourth and final reproduction
of the stump 1s a positive cast, ei-
ther solid or hollow, over which the
plastic socket will be laminated.
Since the model is made from the
check socket, it incorporates all
fitting changes, and the surface has
the exact form of the interior of
the plastic socket.
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Socket Layup and Lamination

This step consists of covering the
lamination model with reinforcing
materials such as dacron felt and
nylon stockinette, preparing the
pressure sleeve and resin, and im-
pregnating the reinforcing materi-
als with resin.

The Extension
This process consists of applying

MOLDING FOR ALL BE PROSTHESES

Measurement and Marking
1. Location of Measurement Marks

Use an indelible pencil to mark the elbow
axis (epicondyles) and the stump, as prev-
iously described. When fabricating a
Transcarpal type prosthesis, mark the wrist
axis (styloids) instead of the elbow axis. The
indelible marks will transfer to the wrap in
the next operation.

wax or foam to the socket and shaping

it to form a model for the forearm.
The extension thus determines proper
forearm sizing and wrist-unit align-
ment,

Forearm Layup and Lamination
Reinforcing materials are drawn
over the socket and extension, tied

into the wrist unit, and rigid hinges

(if used) are properly positioned.
The layup is then laminated.

Trim and Assembly ;

This step comprises shaping the proximal
end of the socket to conform to the stump,
in order to provide maximum socket stability
consistent with motion of the stump. It also
includes the assembly of components, such as
forearm lengtheners, flexion units, hinges,
cuffs, control systems, and harness, to com-
- plete the fabrication of the prosthesis.

2. Record of Measurements
Measure and record the girths and lengths

according to the technique given previously.

3. Location of Relief Areas
Mark all bony prominences, tender spots
due to scars or underlying neuromas, etc.
These marks will also transfer to the wrap
and will indicate areas where relief of socket
pressure on the stump may be, necessary.
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The Mold or Wrap
1. Preparation of Cast Sock

Sew a length of stockinet sufficient to ex-
tend at least 2 inches beyond the epicondyles
(styloids in the case of a Transcarpal) in a
curve to match the end of the stump. The
stockinet should be of appropriate width
to fit snugly to the stump.

i

';-'.'.;"""'
Cut the excess off below the seam. Draw the
cast sock over the stump with the seam on
the outside and clamp in place to an elastic

strap running in a Figure 8 pattern across the
back and around the opposite shoulder.

2. Preparation of Plaster Bandages

Cover the clothing of the amputee with a
sheet or gown to protect it from plaster.

Soak a plaster bandage in water until air
bubbles cease. Use a three-inch bandage; the
large width will distribute pressure more even-
ly over the stump, giving a smoother contour
to the inner surface of the wrap. Remove the
bandage from the water and squeeze gently to
remove excess water, taking care not to
squeeze out the plaster.

3. Application of Plaster Bandages

The mold is taken with the patient's
elbow flexed at least 80 deg. and the
forearm positioned midway between pro-
nation and supination.

Start the wrap near the midpoint of
the stump and roll the bandage in a

spiral downward, overlapping each pre-
vious turn by about half the bandage
width. Continue to the end of the
stump, Lap several layers over the
end and spiral back up past the mid-
point to just proximal to the epicon-
dyles and olecranon (or styloids if
Transcarpal type), then back to the

starting point. Do not wrap too
tightly over the epicondyles or sty-
loids., Repeat the procedure until
about three separate layers cover the
entire stump. If the prescription
calls for flexible hinges, flatten
the medial and lateral aspects of
the distal third of the wrap to ob-
tain a "screwdriver" contour.

4. Completion of Mold

Remove the elastic strap and carefully pull
the mold (including the cast sock) from the
stump. For some Wrist Disarticulation or
Transcarpal types, it may be necessary to cut
the wrap in order to remove it from the
stump. ;

The indelible marks previously made on
the stump will have transferred to the cast

sock. Go over and strengthen these marks on
the inner surface of the wrap so they will
transfer in the succeeding operation.

The Cast or Model

1. Preparation

For measuring convenience, fill the wrap
with water, then pour the water into a rubber
mixing bowl. (Rubber facilitates the removal
of the set plaster.) Sprinkle plaster evenly into
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Hie wdier until aaditional plaster no longer
dissolves. Mix the plaster and water carefully
by hand to work out all lumps and air bubbles.

Obtain a pipe approximately % inch in
diameter and 12 inches long, and dent the end

third so that it will anchor firmly in the plas-
ter and serve as a holding rod.

2. Application of Plaster

Pour the wrap about a third full of the
plaster mixture and shake it gently to remove
any entrapped air. Fill the rest of the wrap
and prop it up to harden.

When the plaster has set sufficiently to
support the weight of the rod, insert the dent-
ed end into the plaster. Allow the plaster to
harden. ;

3. Removal of Wrap '

Cut the wrap down the side with a km{e.
taking care not to damage the cast. Strip
the wrap from the cast and discard it

With indelible pencil, re-mark the land-
marks that have transferred from the wrap
to the cast,
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will be WOrn, shape the model slightly
larger to allow for this. If measure-
ments of Stump and model differ wide-
ly, measurements and/or wrap technique
may be in error, Recheck!

The Check Socket

1. Preparation of Wax

Heat the beeswax on an electric plate
(not open flame, for the fumes are flam-
mable) to a temperature of about 275° F,
or until bubbles just begin to form when
a test piece of stockinet {s dipped into

the wax.

2. Layup

Cover the model with a thin film of
parting compound such as petrolatum, to
prevent adherence of the wax to the
plaster.

Cut two lengths of cotton stockinet
of appropriate width, each twice as
long as the model, plus efght inches.
Pull one length inside the other and
then place half of the stockinet gent-
ly over the model so that petrolatum
does not saturate the fabric. With
heavy cotton cord, loosely tie off the
stockinet at the distal end of the
model. Reflect the remaining length
over the model, pull down tightly,
and tie off around the mandrel,
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3. Application of Wax

With a ladle or cup, dip out the
hot wax and pour it over the stock-
inet. Use enough wax to impregnate
the stockinet completely and place
in cool water to harden., Be care-
ful never to allow water to be in-
troduced into the basin of hot wax.

While the wax is cooling, press
and massage it to be sure that all
contours have been faithfully re-
produced.

4. Removal of Check Socket

While still warm, cut the prox-
imal edge of the check socket to
conservatively approximate trim
lines and slide or pull it off the
model. For the short BE, initial
anterior trim should be close to
the biceps tendon, while for the
long BE, initial anterior trim
should be about two inches distal
to the biceps tendon. Posteriorly,
the trim line should be just prox-
imal to the olecranon for both
short and long stumps.

If it is difficult to remove
the check socket, use an air hose
to blow around the proximal edges
to force separation. For some
types such as the Transcarpal, it
may be necessary to slit the cast
to remove it from the master.

5. Check-Socket Fitting

Place cotton stockinet over the
stump and apply the check socket by
pushing it onto the stump while pull-
ing on the stockinet which extends
through the hole in the end of the
wax socket. Liberal use of talcum
powder facilitates thils process.

Fitting the check socket includes
the following: a. overall fit, that
is, is socket too loose or too tight?
b. trim lines--for the short BE, the
anterior trim remains as close as
possible to the biceps tendon consis-
tent with full range of flexion (135°)
or, if this is not practical, consis-
tent with a functional range of mo-
tion. If necessary, sacrifice flex-
ion range to maintain sufficient
socket-stump contact anteriorly.
For the long BE, the anterior trim
may be lowered as needed to allow
full range of motion in both flex-
jon and rotation. Be sure to avoid
contact with the epicondyles at the
extremes of pronation and supination.
¢. comfort--have the patient exert
force in all directions against re-
sistance and note the location of
any pain or discomfort. d. total
contact--cut inspection holes to
check for total contact. _

Since the wax check socket 18
eable, its shape and volume can be
readily altered to correct any prod-
lems that are uncovered.

mall-
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6. Location of Elbow Axis
Use an awl to make a small hole in the
check socket exactly at the center of each

-

epicondyle to determine the elbow axis (sty-

loids in the case of a Transcarpal).

7. Location of Hinge Spacer— Rigid Hinges Only
If a rigid hinge has heen prescribed, an ad-

justable hinge spacer must be aligned in the

lamination mold.

The spacer enables the hinges to be main-
tained in parallel alignment during layup
and lamination so that the hinges will operate
without any binding.

Holes are punched in the check
socket with a leather or cork punch
of diameter to match the spacer. The holes
are located with reference to the elbow axis
in accordance with the particular hinge used.
The spacer is inserted and adjusted to the
proper width and remains in place while the
lamination mold is constructed. Care should
be taken not to deform the check socket
when punching the holes.

a. Single Pivot Hinge

Punch two holes with the centers coincid-
ing with each epicondvle center. Insert the
spacer and adjust the width to extend ahout

EL KOw

316 inch from the most medial trim edge
of the check socket and ahout 13 inch
laterally.
h. Polveentric Hinge

Punch two holes 14 inch distal from the
epicondyle centers with the centers lying on
the socket axis. The spacer axis should be
parallel to the elbow axis. Insert the spacer

| SR
AxL S
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and adjust the width to extend 3,16 inch
from the most medial trim edge of the rocket
and 1% inch laterally.

Lamination Model: Plaster Method
1. Application of Plaster

Mix enough plaster and water to fill the
socket about half full. Pour the plaster into
the socket and slowly rotate the socket while
pouring the plaster back into the mixing
howl. A thin film of plaster will build up in-
side the socket each time. Repeat this opera-
tion until the plaster wall is about 1§ inch
thick all around the inside of the socket. Allow
the plaster to dry for about a half-hour.
2. Removal of Check Socket

Carefully slit the wax socket with a knife

- and peel it from the breakout. Do not deform

the socket more than necessary, since it may
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be needed again if the breakout is cracked or
otherwise damaged.

Hold the hreakout up to the light and look
inside for thin areas. If such areas exist, mix
more plaster, and slush it inside the hreakout
until the wall is built up sufficiently.

3. location of Hinge Spacer
If the hinge spacer was not located in the
check socket, locate it now in the breakout.
Driil holes in the breakout to accommo-

date the spacer. Adjust for width and
seal around the spacer with plaster
or clay,

4. Completion of Breakout

Smooth the breakout with sandpaper or
wire screen to remove irregularities. Close the
proximal end with plaster that has thickened
to the consistency of whipped cream. Be care-
ful to preserve the proximal trim line on the
mold. Insert a small diameter tube into the
hreakout to serve as a vent and holding rod.
Be sure this tube is not clogged. Dry the

breakout in an oven at 140° F. for at least
three hours.

When fabricating a double wall prosthesis,
paint or dip the breakout in parting lacquer
to cover it with a thick even coat. Be careful
to avoid bumps in the surface of the lacquer,
for they will transfer to the plastic socket.

SHORT BE PROSTHESIS (DOUBLE WALL)
First Layup

1. Preparation

Cut three lengths of stockinet, each ahout
3 inches longer than the lamination mold, and
another about half the mold length.

Sew the end of each piece in a curve to
match the distal end of the mold, and cut
to form a l3-inch seam allowance.

2. Application of Stockinet

Pull two of the long pieces tightly down
over the mold; keep the seam allowance on
the outside and the ribs straight. to provide

a smooth interior surface of the socket. Tie
the open ends to the holding rod with string.

Cut a tiny slit in the stockinet over each
of the spacer ends and force it down over each
end so it fits snugly around the spacer. Pull
the short piece of stockinet over the layup
and trim it where the second lamination will
fair in.

3. Attachment of Hinge Socket Straps

Disassemble the hinges and drill five to
eight 4-inch holes in each socket strap to
allow resin to form columns through the metal
and create a secure bond. Remove the bhurrs
from the holes with a countersink.

Using bending irons, shape the straps to
the contour of the mold.
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When a polycentric hinge is prescribed,
install clearance spacers between the fore-
arm straps and hinge spacer. This
will facilitate assembly of the hinge in
a later operation by preventing resin from

_curing under the mechanism or pivot part of
_the forearm straps.

Coat the threads of the hinge screws with
.silicone grease and attach the straps to the
spacer. Do not tighten the screws yet.
4. Alignment of Hinge Socket Straps

Remove the layup from the vise and adjust
the vise jaws to an opening about the same
as the spacer width.

Place the layup in the vise with the edge of
each forearm strap resting on the top edge
of the vise jaws. Pivot the layup until the
straps are aligned along the axis of the layup.
Tighten the hinge screws to hold the straps
securely to the spacer. The forearm straps will
he aligned parallel.

Reposition the layup in the vise, distal end
up. and pack any gaps between the straps and
the layup with scraps of stockinet.

5. Completion of Layup

Turn the remaining stockinet inside out
(seam allowance on the inside) and pull it
over the layup.

Pull the stockinet down tight, smooth the
layup, and tie the open ends tightly to the
holdine rod.

Lamination
Details of the procedure are not
described in this manual,

Buildup
). Preparation
Remove the pressure sleeve from the cured

socket. Il a manual lock wrist unit is pre-
scribed. disassemble the mechanism to keep
it free of wax and resin. Drill several 1q-inch
holes in the face of the wrist unit where neces-
sary to expedite wax removal.

Cover the knurled portion of the wrist unit
with masking tape to keep it clean for sub-
sequent laminating.

Ohtain a 9 x 12-inch piece of Manila paper
or other resin impregnated paper (half of a
Manila folder is usually satisfactory) to use
in making the buildup form,

T

Halfway along one of the long sides, make
a pencil mark about 15 inch from the edge.
Draw a curve about 3 inches on each side of
the mark and cut along the line. This cut side
will allow the wrist unit to fit squarely to the
paper when it is formed into a cone.
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2. Alignment of Wrist Unit, Form, and Socket

Wrap the curved side of the Manila paper
around the taped skirt of the wrist unit so a
conical form is fashioned.

Determine the required forearm length (Di-
mension C or D) in accordance with the siz-
ing plans and formulas at the end of the
Measurements chapter.

With one hand, hold the cone and wrist
unit with the face of the unit flat on a table.

With the other hand, position the socket in
the cone so the distance between the elbow
axis and the table surface corresponds to the
required forearm length (Dimension C or D).
A height gage is useful for setting the distance.

With the socket held in the proper posi-
tion, adjust the cone so the proximal end fairs
to the socket.

As soon as the correct conical shape is ob-
tained, remove the socket from the form and
apply one piece of masking tape at the middle
of the form to hold the cone shape.

Trim the proximal end of the form if it is
too long.

Align the form and socket so the cone axis
is the same as the socket axis, and is at
right angles to the elbow axis, Check the
forearm length again to see that it is correct.
Tape the proximal end of the form securely
~ to the socket. 3 : -

LT

Square off the wrist unit so it is perpendic”
lar to the form axis, and tape around the unt
to attach it to the form. (When initial flexio?
is desired in the prosthesis, the forearm m?b’
be aligned in up to 30° flexion and the wrist
unit may be canted 5° anteromedially.)

Mask all the seams to prevent wax leakage.
then spiral-wrap tape around the form 10
strengthen it.

3. Attachment of Form Extension

Fashion a 3-inch-wide strip of Manila paper
into a cylinder to fit around the distal end of
the form so as to extend the form about 2
inches beyond the wrist unit.

Tape the extension securely to the form
and tape the seam.

4. Application of Wax

Heat the wax until it is at the 1o¥
est possible pouring temperaturé.
Do not get the wax too hot.




Pour a small amount of wax into the form
to check for leaks. If all seams are sealed prop-
erly, pour the wax slowly to fill the form to
within one inch of the top of the extension,
Continue to add wax as the wax cools and
shrinks,

When the wax has hardened, remove the
form and extension.

5. Completion of Buildup

Shape the cylinder of wax on the wrist unit
into a dome so the pressure sleeve will not tear
during lamination.

Smooth out any irregularities in the build-
up surface to provide a smooth contour.

"To insure a suitable bond between the inner
and outer wall, a minimum of 1 inch of sncliet
should remain between the anticipated trim
line and the wax buildup.

Scrape excess wax from the plastic socket
and clean it with benzine.

Rough up the exposed outer surface of the
plastic socket with a coarse file to efiect a
secure mechanical bond between the inner
and outer wall.

Second Layup
1. Preparation

Remove the masking tape from the wrist
unit and clean the knurled surface to provide
a good bonding area for the resin.

Cut one piece of stockinet ahout twice the
length of the layup, and another 6 inches
longer than the first piece.

2. Application of Stockinet
Pull one end of the short piece of stockinet
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Tie the # . ,
with 4-cord lineh thread, encircling the yn;q
twice and making Kure the thread lies com.
pletely in the EIOOVE, '

Pull the free end of the piece down, keep.
ing the ribs straight. and trim it <o the odge
is ahout 3, inch distal to the first edze.

Pull half of the remaining piece of stockinet
over the forearm and tie it to the wrist unit
in the manner just described. Make sure the
thread is in the groove and distal to the pre-
vious thread.

Pull the free end of the stockinet tightly
down over the forearm, keeping the ribs
straight, and tie the two layers securely to
the holding rod.
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Mold Removal: Plaster Method
1. Preparation

While the plastic is still warm, cut off the
end of the layup about 1 inch proximal to
the hinges. Leave the pressure sleeve on to
protect the finish of the plastic during sub-
sequent operations.
2. Removal of Plaster

Strike the plastic socket with a rubber mal-
let just hard enough to crack the plaster. It

may be‘necessary to use a chisel to dig out
plaster‘m the distal end of the socket. Do
not strike too hard near the metal parts or
delamination may occur.
3. Removal of Spacer

Cut away the plastic from the hinge screws
and remove the screws. Narrow the width of
the spacer and remove it from the socket.

4 Cleaning the Socket
Remove the film of dried lacquer from the

socket; a blast from an air hose will speed
this operation. If partiCIeS of plaster and lac-

quer cling to the socket ¥

Wipj é oth-
lg:riowlthlz} \::;txc:) : foreign material from
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the Wrist unit.

Trim and AssemblY
1. Determination of

all, remove them by
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e rough trim estab-
Trim the socket i ocket: Hold the pros-
lisheq by the check ~;mputee’s stump and
esis firmly on thf” any alterations in trim

Check ¢, determin®
8re necessary.

The socket trim should permit flexion with-
out the olecranon displacing the socket, and
should enable the amputee to flex fully with
comfort.

Cut away the plastic distal to the hinge
center just enough to allow full flexion of the
hinge.

Sand all cut edges round and smooth, and
seal the edges with plastic or lacquer.

2. Assembly of Hinge

Clean the hinge mechanism and assemble
it onto the socket.

Hold the socket firmly on the stump and
note the relationship of the arm straps to the
curvature of the epicondyles and arm.

Remove the socket and bend the arm straps
in a contour to within 1 inch of the curve
of the arm. Do not shape the straps tight
against the arm.

3. Fabrication of Cuff

Follow the procedure at the end of this
chapter for the particular cuff prescribed
(usually a half cuff).

4. Installation of Cuff

Hold the cuff and socket on the arm, with
the stump flexed to 90°.

Align the straps parallel to the axis of the
arm and temporarily clamp or tape the cuff
to the straps. Test the alignment by flexing
and extending the stump. When the alignment
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15 correct, mark the location of the hinge
strap rivet holes on the cufi. If the strap has
no rivet holes, drill or punch three holes in
each strap to take the rivets.

Punch holes in the cuff to correspond to the
strap rivet holes.

Rivet the cuff to the straps, preferably
with stainless steel, chrome, or nickel-plated
rivets.

5. installation of Terminal Device

Assemble the wrist unit and attach the pre-
scribed terminal device and sizing accessories,
in accordance with the manufacturer’s in-
structions and the sizing plan.

6. Assembly of Control System and Harness

WRIST DISARTICULATION A
LONG BE PROSTHESIS (DOUBLE WALL)

First Layup
1. Preparation

Cut three lengths of stockinet, each 3 inches
longer than the lamination mold, and another
about half the mold length.

Sew the end of each piece in a curve to
match the distal end of the breakout. Cut
to provide a 14-inch seam allowance.

2. Application of Stockinet

Pull two of the long pieces tightly down
over the mold, keeping the seam allowance on
the outside and the ribs straight to provide
a smooth interior surface of the socket. Tie
the open ends to the holding rod with string.

Pull the short piece of stockinet over the
layup and trim to where the second lamina-
tion will fair in.

3. Completion of Loyup

Turn the remaining piece of stockinet in-
side out and pull it over the layup. Smooth
the entire layup, pull the stocke
inet down tight, and tie the open ends of
the stockinet to the rod. .

Lamination
Buildup

1. Preparation

Remove the pressure sleeve from the cured
socket.

When a manual lock wrist unit is used,
disassemble the mechanism to keep it free of
wax and resin. Drill several l4-inch holes in
the face of the wrist unit base where neces-
sary to expedite wax removal. Cover the
knurled section of the wrist unit with masking
tape to keep it free of wax.

Obtain a 9 x 12-inch piece of Manila paper
or other resin impregnated paper (half of a
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Manila folder is usually satigfs, i
making the buildup form. s
Halfway along one of the long gides, make
a pencil mark about % inch from the edge.
Draw a curve about 3 inches on each side of
the mark and cut along the Jine. This cut

side will allow the wrist unit to fit squarely
to the paper when it is formed into a cone.
2. Alignment of Wrist Unit, Form, and Socket

Wrap the curved side of the Manila paper
around the taped skirt of the wrist unit so a
conical form is fashioned.

Determine the required forearm length (Di-
mension C or D) in accordance with the siz-
ing plan.

With one hand hold the cone and wrist
unit with the face of the unit flat on a table.

With the other hand position the socket in
the cone so the distance between the elbow
axis and the table surface corresponds to the
required forearm length (Dimension C or D).
A height gage is useful for setting the dis-
tance.

With the socket held in the proper position,
adjust the cone so the proximal end fairs to
the socket. ' t -

As soon as the correct conical shape is ob-
tained, remove the socket from the form and
apply one piece of masking tape at the middle
of the form to hold the cone shape,

Trim the proximal end of the form if it is
too long.

Align the form and socket so the cone axis
is the same as the socket axis and is at right
angles to the elbow axis. Check the forearm

length again to see that it is correct. Tape
the proximal end of the form securely to the
socket.

Square off the wrist unit so it is perpendicu-
lar to the form axis, and tape around the unit
to attach it to the form.

Mask all the seams to prevent wax leakage,
and spiral-wrap tape around the form to
strengthen it. -

3. Attachment of Form Extension

Fashion a 3-inch-wide strip of Manila paper
into a cylinder to fit around the distal end
of the form so as to extend the form about
2 inches beyond the wrist unit.

Tape the extension securely to the form and
tape the seam.

4. Application of Wax

Heat the beeswax until it is at its lowest
possible pouring temperature. Do not get the
wax too hot.

Pour a small amount of wax into the form
to check for leaks. If all seams are sealed
properly, pour the wax glowly to fill the form
to within one inch of the top of the extension.
Continue to add wax as the wax cools and
contracts. ; ;

When the wax has hardened, remove the
form and extension.
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5. Completion of Buildup

Shape the cylinder of wax on the wrist unit
into a dome so the pressure sleeve will not
tear during lamination.

Smooth out any irregularities in the build-
up surface to provide a smooth contour.

To insure a suitable bond between the inner
and outer wall, a minimum of 1 inch of soclfet
should remain between the anticipated trim
line and the wax buildup.

Scrape excess wax from the plastic socket
and clean it with benzine.

Rough up the exposed outer surface of the
plastic socket with a coarse file to eﬁ?ct a
secure mechanical bond between the inner

and outer wall,

Second Layup
1. Preparation

Remove the masking tape from the wrist
unit and clean the knurled or grooved surface
to provide a good bonding area for the resin.

Cut one piece of stockinet about twice the
length of the layup and another about six
inches longer than the first piece.

2, Application of Stockinet

Pull one end of the short piece of stockinet
over the buildup until the edge is about 14
inch proximal to where the buildup joins the
socket.

Tie the stockinet tightly to the wrist unit
after encircling the unit twice with 4-cord
linen thread, making sure the thread lies com-
pletely in the groove.

Pull the free end of the piece down, keep-
ing the ribs straight, and trim it so the edge
is % inch distal to the first edge.

b
Pull half of the remaininé\ piece of stockinet
over the forearm and tie it to the wrist unit
in the manner just described. Make sure the
thread is in the groove and distal to the pre-
vious thread. (If flexible cable hinges are
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used, install at this stage on the layup in ac-
cordance with the manufacturer’s instruc-
tions.) _

Pull the free end of the stockinet tightly
down over the layup, keeping the ribs straight,
and tie the two layers securely to the holding
rod.

Lamination

Mold Removal: Plaster Method
1. Preparation

While the plastic is still warm, cut off the
end of the layup about 1 inch proximal to the
epicondyles. Leave the pressure sleeve on to
protect the finish of the plastic during subse-
quent operations.
2, Removal of Plaster

Strike the plastic socket with a rubber mal-
let just hard enough to crack the plaster. It
may be necessary to use a chisel to dig out

<
/ Q )
Plaster in the distal end of the socket. Do not
strike too hard near the metal parts or de-
lamination may occur.
3. Cleaning the Socket
Remove the film of dried lacquer from the
socket; a blast from an air hose will speed
this operation. If any particles of plaster and
lacquer cling to the socket wall, remove them
by wiping with a wet cloth.

Trim and Assembly
1. Determination of Socket Trim

Trim the socket to the rough trim line
established by the check socket. The socket
trim should allow full flexion and rotation.

O

With the forearm at 90 and fully pronated,
check to see that the trim edge on the later:_il
side does not cut into the stump and limit
rotation, .

Supinate the forearm and check the medial
edge in the same manner.

Sand all cut edges round and smooth, and
seal the edges with plastic or lacquer.
2. Fabrication of Cuff and Flexible Hinges ‘
Follow the procedure at the end of this
chapter for the particular cufi prescrihed
(usually a triceps pad).
3. Installation of Cuff, Hinges, and Cross Hanger
Use masking tape where necessary to h(:'ald
the socket, cuff and hinges on the arm. with
the stump flexed to 902°.
Pull the two straps from the triceps rfad
down snug and extend them along each SIfie
of the socket. Mark the socket on the medial
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and lateral sides at about the distal fourth
where the straps will be attached.

Put the ends of the straps through the
cross hanger and slide it up until its proximal
edge rests over the posterior proximal edge of
the socket; tape it in place to the lateral strap.
Secure the straps to the socket at the marks
with masking tape to check the fiitting.

Flex and rotate the amputee's stump. Ad-
Jjust the cross hanger position and length of
the straps to provide proper and comfortable
fit. There should be no rubbing of the straps
on the epicondyles.

When the correct alignment is obtained, sew
the cross hanger to the hinge straps and cut

Ak

FLEXIBLE f; -~

HINGES

CROSSHANGER

the straps to the correct length. Round the
ends of the straps and sew.

Fasten the straps securely to the socket
with cadmium plated No. 6 binding head
sheet metal screws, using two in each strap.
Grind off the screws so they do not pene-
trate the inner socket.

4. Installation of Terminal Device

Assemble the wrist unit and attach the pre-
scribed terminal device and sizing accessories
in accordance with the manufacturer’s instruc-
tions and the sizing plan.

5. Assembly of Control System and Harness

CUFF FABRICATION

The procedures given are for making the
cuffs, billets and straps from leather. How-
ever, the leather may be replaced by moisture-
proof or washable plastic cuffs and synthetic
tapes such as nylon, dacron, etc.

The Half Cuff
1. Preparation of Pattern

Select a piece of paper large enough to en-
circle the arm about 1% times, and fold it in
half. :

Obtain the measurements (girths just above
and below the biceps and the length between
them), as shown in Figure I-3,

Lay off the length along the fold. Lay off
half the girths at right angles to and at each
end of the length line. Mark the center of each

J-
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of the girth lines and draw a line to connect

the centers. This line will be approximately

where the hinges will attach,
Curve the lines as shown and cut out the

pattern so the side edges are ahout one inch

anterior to the hinge line.
Put the prosthesis on the amputee, posi-
tion the pattern, and note any corrections

to be made.
Trim the pattern where necessary to allow

unrestricted flexion,
2. Construction of Cuff

Cut some 6- to 8-ounce strap leather fo
match the pattern. Also cut a piece of heavy
horsehide to match the pattern.

Place the finished surfaces of the leather
together and sew together about 3/16 inch
below the top edge to form a rolled edge.

Apply rubber cement to the unfinished sur-
faces and allow to almost dry.

Press the two cement-coated surfaces to-
gether, stretching the horsehide in all direc.
tions as much as possible.

Stitch the two pieces together about 1
inch from the edge of the bottom and sides

and trim off the excess horsehide,
Trim and burnish the edges of the cufl.
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3. Construction of Billets

If a billet is prescribed, cut it 5 inch wide
from strap leather, burnish the edges and
punch the necessary holes.

Cut it to proper length and rivet it to the
medial side of the cuff approximately as shown
in the figure with chrome or nickel-plated
rivets,

Form a strap around 54-inch buckles, bur-
nish where necessary and rivet it to the lateral
side of the cuff.

4. Application of Sealer
Apply two or three separate coats of sealer,

such as nylon coating to all leather sur-
faces to prevent absorption of perspira-
tion and provide scuff resistant surfaces.

The Full Cuff

The pattern for this cuff is made to encircle
the arm completely. Either snaps or a billet
may be used on the cuff.

The fabrication procedure is exactly the
same as for the half cuff.

The Triceps Pad
L. Preparation of Pattern

Select a piece of paper large enough to en-
circle the arm, and fold it in half.

Obtain the measurements ( girths just above
and below the biceps and the length between
;h;m) previously made as shown in Figure

Lay off the length along the fold. Lay off
one-quarter of the girths at right angles to
-a_nd at each end of the length line. Draw a
line connecting the ends of the girth lines.

i R I

Cut out the pattern and hold it on the am
of the amputee. Mark where the flexible
hinges will attach.

Trim the pattern to final shape so the straps
will fair into the pad as shown in the figure.

2. Construction of Pad

Cut some 5- to 8-ounce strap leather to
match the pattern. Cut a piece of 2- to 3-
ounce tooling calf about 14 inch larger than
the pattern.

Apply rubber cement to the unfinished sur-
faces of both pieces and allow to almost dry.

Form the tooling calf over the triceps and
press the strap leather firmly in place so the
two pieces will cement together and remain
curved when removed from the arm.

Stitch the pieces together about 14 inch
from the edge.

3. Construction of Flexible Hinges

Cut two l4-inch straps, each about the
length from epicondyles to wrist unit, from
approximately 4-ounce elk. When fabricating
a Transcarpal prosthesis, cut each strap about
3 inches longer.

LEATER

~ TAPF

Apply cement to the unfinished side of the
straps and to one side of equal lengths of 15-
inch dacron tape.

Cement the tape to the leather and sew
together 1/16 inch from the edges.
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¥ Lonstruction of
Measure the Circum“ H“ng., . 5. Assembly of Pad and Hinge Strops
portion of the Stummfemnce on the postenior Round and stitch the proximal ends of the
epicondyle. Approg; om lateral 0 medial  straps.
will be the length Ofma ¥ twice this distance Tape the cuff on the amputee, with pros.
take the crogs hth Vebbing used £° thesis on. Tape the straps to the cuff and
anger adjust the location until the line of action
of the straps is through the epicondyles.
Punch the necessary holes and rivet the
straps to the pad with stainless or plated
rivets, two in each strap about '3 inch apart.
e (There are other methods of attaching the
straps to the cuff, such as skiving the straps
and cuff and inserting the straps hetween the
strap leather and tooling calf before stitching
Cut the cross hanger - 1nch.wi.de the pad, then riveting through the pad.)

Jaczon tape. 6. Application of Sealer
' ' Seal all leather surfaces with two or
Stitch and form the cross hanger to three coats of sealer such as nylon
the shape shown, coating.
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FABRICATION OF
THE "MUENSTER-TYPE" BELOW-ELBOW PROSTHESIS

I. INTRODUCTION

Short below-elbow stumps have always presented fitting problems for the
obvious reasons of small attachment ares, poor leverage, and decreased range of
motion, Srlit sockets and step-up hinges have commonly been used to provide
very short below-elbov amputees with a full range of elbow flexion (135°). Bow-

ever, this system is characterized by several features which mitigate against
its overall acceptability. Step-up hinges decrease the lifting power available
to the amputee, increase the bulk of the prosthesis at the elbow and proximal
forearm, and historically have lacked durability.

In the mid 1950's, Drs. Hepp and Kuhn of Muenster, Germany, formulated
8 nev approach to the prosthetic mansgement of short upper extremity stumps.
They developed a technique of fabricating sockets for below-elbow and above-

elbow amputations which provided a more intimate encapsulation of short stumps.

Evaluation of "Muenster" Pabrication Technigque

New York University Adult Prosthetic Studies became interested in the
"Muenster" technique for short and very short below-elbow amputees, following
the favorable experiences reported by amputee clinics in fitting pre-flexed arms

Consequently, this laboratory conducted an evaluation of wvhat was

to children. 2 3
The

considered to be the "Muenster” technique in applicatioms to adult amputees.
general characteristics of the below-elbow sockets fabricated {a this study were:

1. The forearm was set in a position of initial flexion (average 3S°)

in relstion to the humerus.
The anterior trim line extended to the level of the snte-cubital
fold with s channel provided for the biceps tendon.

l!kpp, 0., and Kuhn, G. G., “Upper Extremity Prostheses,” Prosthetice International,
Proceedings of the Second International Prosthetics Course, Copenhsgen, Denmark,
July 30 to August 8, 1939. Copenhagen: Committee on Prostheses, Braces and Tech-
nical Aids, International Society for the Welfare of Cripples, 1960, pp. 133-181.

zl'iuml. Report, Preflexed Arm Study, Child Prosthetic Studies, Research Division,
College of Engineering, New York University, New York, New York, Movesber 1960.

3

The "Muenster-Type" Fabrication Technique for Below-Elbow Proatheses, Adult Pros-
thetic Studies, Research Division, Collage of Engineering, New York University,
New York, New York, June 1964,
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ocket enclosed the olecranon, the trim line

3, The posterior aspect of the s
being just above the level of the gpicondylec.

4. Because of the high anterior and posterior walls
range of motion for the average amputee was limited to approximately

of the sockets, the

70° (from 35° to 105° flexion) (Figures 1 and 2).
The limited range of motion characteristic of sockets fabricated in the
described manner bears emphasis. In current practice, the acceptable 'checkout”

standard for maximum elbow flexion with the prosthesis is that it should be with-

in 10°
of stump flexion without the prosthesis. This standard is not applicable

in the
present circumstances. Nevertheless, the decreased range of motion avail-

able has b
G een found acceptable by unilateral awputees who typically use their
ges a
8 assistive devices and perform very few activities at the extreme

ends of the flexion-excenslon range.

The results of ¢
he New York University study of the "Muenster" type fit
e -

1. Awmputee
8 reacted
positively to the comfort and security of h
Y of the socket.

2, The dec
Te&ge in flexi
te functions o unilon range had po appreciable effect on th
ateral amputees, However, for bil e hgc
’ ateral subjects,

superior (Figures 3 and 4).

n ¥

Univergi
ty Child Prosthetic Studies initiated a stud

T : udy of the applicability of
asill children with very short, short, and long below-elbow defi

es. . i -
o As of March 1965, ten successfully fitted children ranging in age
rom

0 months to 10 years have worn their limbs for periods ranging from 4 to

14 months.
Although the study of the children's fittings hed not been completed at

this writing, the indications are that fabrication procedures for adults, as
described in this manual, would be equally applicable to children.
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I1. PRRSCRIPTION CONSIDERATIONS

A priori, this method of socket fabrication would appear to be of
greatest potential benefit to amputees with stumps of the short and very
short types. These are patients who, under current practice, would typically
be fitted with metal elbow hinges =—step-up, polycentric or, at the longer
limits of the range, single pivot or flexible hinges. Prime beneficiaries
might be amputees who normally would be fitted with split sockets and step-

up binges bacause of the inherent disadvantages in this type of fittinmg.

In general, this hypothesis has been verified by fitting experience
to date. In the NYU evaluations spproximately 90% of the stumps fitted fell
ioto the short and very short below-elbow categories. Specifically, nine
adults (including one bilateral) with stump lengths ranging from 1-1/2" to
3-1/2" (18-52%) and eight children with stumps 2" to 3" long (25-40%) were
Successfully fitted with “Muenster® type prostheses.

The precise limits of applicability of the "Muenster" prosthesis
(ainimm and maximum stusp lengths) must be determined individually for
each patient. However, bssed on a somewhat limited iovestigation of these
considerations, the following guidelines are offered:

Minjmm Length: Very short stumps virtually disappear at 90° of
elbow flexion. Hence, the maximum prosthetic flexion angle obtainable with

stumps ino this catagory is limited accordingly. The shortest stump fitted
at this laboratory was 1-1/2" (18%) in length. The maximum flexion angle
obtained (with prosthesis) was 80°, |

Thus, fitting of “Muenster™ sockets to stumps as short as 1-1/2"
depends upon the acceptability of a very limited amount of elbow flexion

(usually less than 90°).

Maxiwum length: With regard to maxisum stump length, two limiting

factors must be considered:

1. Depending on the extent of the anatomical deficiency, atumps
of mid-leangth and longer usually have some degree of residu-
al pronation-supination which may be harnessed in a coanven-
tional below-elbow socket with flexible hinges. This active
prooation-supination of the prosthesis is eliminated with the
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"Muenster" type fitting. The question to be decided is whether
other advantages of this type of prosthases adequately compen-
sate for the loss of rotation in a given case.

2. The configuration of the "Muenster" socket (proximal opening st
4n angle to the socket) presents progressively increasing diffi~
Culty to donning and doffing the prosthesis as stump length in-
creases. Absolute stump length rather than proportion of sound
side remaining appears to be the prime determinant. These diffi-
culties can be reduced by socket modifications, such as a looser
fit or lowered trim line. Such modifications, However, progres-

sively reduce control and retention of the prosthesis.

New York University has fitted several adult and juvenile amputees
whose stumps fell into the “long" classification, i.e., 551 of sound side or
longer. One adult at the borderline of the "long” stuxp classification (5-1/2"

- 56%) and a child well within this category (k" - 661) wers not affected by
the considerations mentioned above. In both cases residual pronation and
supination were minimal, and no difficulty was experienced in putting on and
taking off the prosthesis,

On the other hand, an adult with a 7" stump (661) required considers-
ble modifications to the proximal bris before the prosthesis could be deliv-

ered successfully. The anterior trim line was reduced approximately 1/2"

below the cubital fold to facilitate passsge of the stump, The subject had

about 55% of residual stump rotation but, since this rotation had not been
utilized in the previous prosthesis, no deprivation was imposed by the “Muen-

ater" type arm.

One child with a 6" stump (52%) was also successfully fitted with two
different wodifications of the "Muenster™ type prosthesis. Im the fmitial
prosthesis, the posterior trim line was reduced to just above the olecranon

for manageable donning and doffing. In & second fitting, the stasdard trim
lines were maintained, but the socket was made somewhat looser tham usual.

Both modifications produced sockets with slightly reduced, but still very

acceptable reteation.
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Thus, the '"Muenster"” prostheses can apparently be fitted without
difficulty to stumps up to the limit of the short below-elbow classifica-
tion (55%). The fitting of longer stumps iavolves consideration of the

factors discussed, on an individual basis.

Bilateral Pittings

The question of fitting “Muenster™ type prostheses bilaterally is
not fully resolved. Two problems are inherent in such fittings:

1. The difficulty in donning two closely fitting prostheses
without assistance.

2. The limitation imposed by restricted forearm flexion, partic-
ularly on the dominant side.

Nev York University has had no experience in fitting children bi-
laterally, but has successfully fitted onme bilateral adult amputee (4"
and 5-1/2" stumps). The inherent problems were resolved by:

1. Pitting the sockets less snugly than usual to facilitate
doaning.

2. Llowering the anterior trim line and Providing a wrist flexion
unit on the dominant side for activities close to the body

It is probable that selected juvenile bilateral amputees might be
successfully fitted with similar modifications,
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III. PROCEDURES

A. Stump Examination and Measurements

1. Materjals Required

8. Measuring Tape

b. Ruler

¢. Goniometer

d. Measurement Form (Figure 5)

2, Stump Examipation
A thorough stump examination 1s an important prerequigite to any pros-

thetic fitting procedufe. In the "Muenster" type fitting, stump examination

18 even more critical than usual because of the intimate socket encapsulation

of the stump. Skin irritations, painful scars, abrasions and sensitive areas

must be identified so that necessary socket reliefs may be anticipated and
provided. '

3. Measurements
Consistent with sound prosthetic practice, it is advisable to follow
the conventional measurement procedures described in the chapter entitled
p. 211) so that a comprehensive record will be available for fu-
The appropriate below-elbow measurements are recorded on the

"Measurement" (

ture reference.
modified Upper Extremity Measurement Chart shown as Figure 1. However, it

should be noted that since the plaster wrap casts are used as check sockets
in this technique and stump molds made from the wrap casts are not corrected
to measurements, the only measure essential for fabrication 1s the length of

the normal forearm to wrist and thumb tip.

It should also be noted that stump and sound forearm lengths are mea-

sured from the olecranon rather than from the epicondyles, since the olecranon

is more convenient to use as a reference point on the cast and socket, These

measurements are described below.
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UPPER-LIMB MEASUREMENT CHART - MUENSTER PROSTHESIS

PATIENT PROSTHETIST'S NAME i
AMPUTATION DATE TODAY'S DATE %
AMPUTATION TYPE RIGHT LEFT
RACE: CAUCASIAN NEGRO OTHER
HEIGHT AGE MALE FEMALE :
SOCKET: DOUBLE WALL SINGLE WALL |

STANDARD PLAN INTERCHANGEABLE PLAN

TYPE HOOK WRIST HAND SKIN COLOR______
TYPE HARNESS CONTROL SYSTEM

WITHOUT PROSTHESIS : WITH PROSTHESIS
ELBOW FLEXION '

ELBOW EXTENSION

Condition of Stump (irritation, abrasion, etc.)

Special Considerations:

.
' e
\ i

I T O

OLECRANON
OLECRAV

a8 TR e

\\ = Length (::) = Girth

01D

: Figure 5
H
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2. Stump length

Measure stump length from
the posterior aspect of the olecranon.
If distal redundant tissue is present,
the measurement should include the re-

dundancy,

b. Porearm Length

With the forearu flexed at

approximately 90°, and held mid-way be-
tween pronation and supination, record
the measurements from the proximal as-
pect of the olecranon to the distal as-
pect of the ulnar styloid; and from the
olecranon to & point on the ulnar border
of the hand which corresponds to the

thumb tip.




B. The Wrap Cast

1. Materials Required

&. Cotton stockinette (appropriate size for stump)
b. Dacron tape for temporary harness
§. ::;‘; ;iampl ki cil
. e e mar en
e. Thre-irolls of :%nzter of Paris bandage (6 or 8 cm. slastic
type preferred)
f. Pail of water

2. Application of the Cast Sock

Place & snug, form-fitting cotton stockinette over the stump to

insulate the skin and hair from plaster. Use the assistance of the amputese,

or a temporary Figure 8 harness, to keep the stockinette free of wrinkles.
The harness method is generally preferable for children.

3. Practice Molding Orip

Application of the proper molding grip is essential to the success
of the wrap cast and hence to the final outcome of the fitting

portant therefore that the prosthetist practice this
putee prior to the application of the cast.

It 18 im-
procedure on each am-~

He will thus beCo-a familiar
with the individual characteristics of each amputee's -tu-p and the possi-

bility of erronecus nolding once the stump is wrapped will consequently be

reduced. Furthermore, the amputee will know what to expect during the cast-
ing procedure and be in a better position to cooperate.

It is important to note that the prosthetist will ﬁelablc to apply

the molding grip more conveniently when his arms and those of the amputee

are at the same level. It is suggested, therefore, that children sit on &

table or stand on a raised platform.

The specific steps to be followed are described for a right below-
elbow amputes (the hand positions are reversed for a left smputee)., Be-
cause of the fundamental importance of correct cast shaping, this aspect
of the fabrication procedure is illustrated with both line drawiogs and

photographs.

-266-



a. With the amputee's stump flexed to 90° place the extended index and
middle fingers of the right hand on the anterior surface of the stump, The
prosthetist's wrist should be in a neutral or slightly extended position. The
two fingers should rest on either side of the biceps tendon and along the an-
terior surface of the stump. Exert moderate pressure (to the point of firm
resistance) simultaneously into the cubital fold and downward on the anterior

surface of the stump, but being sure to avoid any concentration of pressure
distally.

b. The dorsal aspect of the proximal ulna is distinctly wedge-shaped.
Shape the left hand so that the thepar and hypothenar eminences form a chan-
nel into which this wedge will fit.
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c. Position the grooved hand
against the underside of the stump to
provide support and stability without
distortion. The metacarpal joinmts
are located just below the amputee's

olecranon.

d. Cup the index, middle and
ring fingers of the left hand and po-
sition them on the distal posterior
surface of the humerus just above the
level of the epicondyles. Apply gen-
tle downward pressure with the pads
of the fingers, being sure that there
is no pressure between the palm of the
hand and the olecranon., In this man-
ner a relief is automatically provided
for the olecranon. The little finger
and the thumb may be curled to make
contact with the medial and laterg)
epicondyles, respectively. Howvever
these digits should not exert any

pressure. _ /

L. V.



4, Reference Marks

a. Bony Landmarks

In view of the intimate fit
which character{zes the "Muenster" sock-
et, tender areas and bony prominences
such as the olecranon and epicondyles
must be clearly defined for the provi-
sion of necessary reliefs. With the
stump flexed at 900, mark these areas
with an indelible pencil so they may be
easlly identified on the wrap cast.

b. Trim Lines

Mark a preliminary trim line
on the cast sock in the following manner:

Draw a line posteriorly con=

points one {nch superior to
re~

necting two

the medial and lateral epicondyles,

1.
spectively. Contioue this line anter

orly so that it passes through & point
1/2" above the oid-cubital space.
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5. Wrapping the Stump

The critical relationship between the stump and socket in the "Muenster"

technique cannot be over-emphasized.
secure a properly fitting cast.

Every effort should be made therefore to
To this end, it is recommended that at least

two, and preferably three, casts be taken so that the prosthetist and patient
may together choose the best of the series. Elastic, or non-elastic plaster
of Paris bandages may be used, but the elastic is preferred since it results

in a more accurate configuration.

4. With the stump flexed
at 90° and the humerus held mid-way
between internal and external rota-
tion, begin the wrap with two cir-
cular turns around the elbow Joint
(over the olecranon and cubital
fold). Maintain slight tension on
the plaster bandage (either elastic
Or non-elastic) in the process.

b. Proceed to the distal
end of the stump i{n a Figure 8 or
spiral pattern.
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¢. Continue the wrap at least
1/4" above the reference marks made

earlier.

6. Molding Grip

Apﬁly the molding grip prac-
ticed ear].‘ier to the plaster wrap.
Finger pressure should be sufficient
to displace all loose tissue (to the
point where firm resistance is reached)
Maintain pressure until the plaster

has set.

7. Removal of Wrap

After the plaster has hard-
ened, observe the following steps in
removing the wrap cast:

a. Reinforce the proximal
end of the wrap with several turns
of non-elastic plaster bandage in
order to minimize distortion. Then
pull the stockinette down over the

cast,
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b. Apply upward pressure on the
arm to increase skin tension at the prox-
imal end of the cast in order to break
the vacuum seal. Gently work the cast

off the stump,

8. Re-Mark Cast

Remove the stockinette from the
cast and accentuate the indelible marks
which have been transferred from the
stockinette to the inner wall of the
cast,

REPEAT PROCEDURES UNTIL A MINIMUM OF TWO,
AND PREFERABLY THREE, CASTS HAVE BEEN TAKEN
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C. Preparation of Check Socket

1. Materials Required

a. Knife

~b. Scissors
¢. Fresh Plaster
d, Water

2. Procedures

All of the wrap casts taken are prepared according to the procedures
described below and are used as check sockets. The one agreed upon by both
prosthetist and patient as providing the most comfortable fit, the greatest

range of motion and maximum security is selected for use in preparation of

the male mold.

a. TIrim Distal End

Cut a hole in the wrap cast,
just large enough to allow the passage of
a stump pulling sock and as close to the
distal end as possible so that shortening
of the cast is minimized.

b. Provide for Inspection of
Olecranon Relief

Make a cross incision (X) in
the olecranon bulge of the plaster wrap
for inspection of this area during fit-
ting.
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¢, Trim Proximal End

The final trim lines for
every socket are determined individual-
ly for each amputee., However, as an
inftial step, trim the cast proximally
to the level of the reference line made
earlier.

d. Smooth Inside of Cast

Wet the cast with water and
smooth the inside with fresh plaster to
remove all gauze marks, except in the
arﬁna of the epicondyles and olecranon.
No plaster should be added in these
critical areas.
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D. Fitting of Check Socket

1. Materials Required

a, Cotton Stockinette (stump
pulling sock)
b. Indelible Marking Pencil

2. Procedures

a. Insert Stump

Place a length of cotton
stockinette on the amputee's stump and
insert its distal end through the hole
in the check socket. Pull the stump into
the socket making sure that all flesh is

drawn inside the cast.

b. Determine Adequacy of Fit
With the check socket on the

amputee, make the usual tests for ade~
quacy of fit, comfort and range of motion
by having the amputee exert a force
against resistance in elbow flexionm, ex~
tension and rotation. {Although the stump
cannot rotate the socket, there may be
some undesirable rotation of the stump
within the socket.) If the fit of the
check socket is not satisfactory, it
should be rejected.

c. Check for Stump Irritations

If the check socket causes

any pain or discomfort, mark the appro-
priate area on the outside of the socket
and provide the necessary relief.

Examine the olecranon
(through the cross incision) to be as-
sured that there is sufficient relief
during maximum flexion. If not, the

incision may be opened and reset with
plaster of Paris to provide additional
freedom,

REPEAT THE SAME PROCEDURES WITH THE OTHER CHECK SOCKETS AND
SELECT THE BEST ONE FOR USE IN COMPLETION OF THE PROSTHESIS




E. Establish Range of Motion in Check Sockets

The maximum forearm flexion and extension positions attainable with the
"Muenster” technique will be significantly less than those achisved in conven-
tional prostheses. Experience has shown that the maximum flexion range for the
typical short below-elbow amputee fitted with a “Muenster" socket is approxi-
mately 70° (from 35° initial flexion to 105° maximum flexion). * A range of mo-
tion of this magnitude is not always achievable but should be the imitial goal
of the fitting.

The principal factors limiting the range of motion are:

1. Restriction in the maximum flexion angle obtained will usually be at-
tributable to one or more of the following conditions:

8. insufficient relief for the olecranon
b. too small & channel for the biceps tendon
¢. too high an anterior wall

2. Restriction in extension will usually be attributable to too high 2
posterior trim line

However, it must be stressed that lowered trim lines or loose fit will
adversely effect retention of the socket on the stump. Hence, the initial tris
lines need to be closely maintained in order to provide maximum socket retention.
They should be reduced only when absolutely necessary to provide greater coafort
and/or incressed range of motion.

3. Materials Required

a. Indelible Pencil
b. Scissors or Knife
c. Goniometer

d. Ruler




4. Procedures

2. Draw a line on the lateral
side of the check socket coincident
with its long axis (from lateral epi-
condyle to mid-distal end) to serve as
a guide in measuring flexion and exten-

sion,.

b. Place center of the goni-
ometer on the lateral epicondyle with
its lower arm on the long axis line
and its upper arm lined up with the

acromion. Measure maximum flexion

and extension angles from these points

of reference.

c¢. If motion is restricted,
determine the specific cause of this
restriction as indicated on the pre-
vious page (too high trim lines, in-
sufficient reliefs for biceps tendon
or olecranon) and take the necessary

corrective action.

P T



d. If the amputee cannot achieve
the proposed 35° of initial flexien in
the check socket, the discrepancy is com-
pensated for i{n the alignment of the fore-
arm shell. With the stunp mainteined in
an actively extended position therefore,
drav & second line on the check socket at
a 35° angle between the humerus and stump.
This line will serve as a3 guide in align-

ing the forearm shell.

¢. To test the adequacy of the
proposed {nitial flexion angle, place a
ruler along the 35° 1line drawvn on the
check socket. The leagth of the ruler
should correspond to the intended length
of the finished proethesis (L.e., the
olecranon to thumd tip measurement re-

corded on the Upper Extremity Measure-
ment Form).
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f. Have the amputee flex and
extend this fmprovised forearn {check
socket and ruler). Maximum flexion
should be approximately 105°. except
for very short stumps, vhere {t proba-
bly would not exceed 90°. It should be
noted that because of the inherent lim-
ftation of wotion associated with the
"Muenster" technique, the usual test of
having the amputee bring his terminal
device to his mouth i{s not applicable.
The gosl {» to provide the maximum
flexion angle poesible compstible with
a cosmetically acceptable initial flex-
fon position and socket retention.

g. If the maximm flexion
angle obtained with 35° of initial
flexion is not acceptable, the angle
of the ruler is adjusted to provide
greater initial flexion. Inft{al flex-
ion angles to a maximum of 45° have
been used, but at the expense of de-
creased cosmesis. If less than 35°
of initial flexion {s desired for
cosmetic or other reasons, the angle
is decressed accordingly. Such re-
duction also decreases the maxioum
flexion angle obtainable. The se-
lected angle of tnitial flexion is
indicated on the check socket.
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F. Preparation of Male Mold

1. Materials Required

a. Plaster of Paris Bandage
b. Talcum Powder

c. Hoilaw Pipe (approximately 12" long, 1/2" diameter)
d., Aw

e. Two Round Head Screws

f. Presh Plaster

g. Water

h. Sanding Screen

{. Indelible Marking Pencil

j. Vaseline or Uther Parting Agent

2. Procedures

a. Close the distal end of the
check socket with either plaster of Paris
bandage or masking tape and make a small
extension (approximately one inch) at the
proximal end, again with either plaster
of Paris bandage or masking tape, This
extension will provide the prosthetist
with a margin of safety in smoothing the

¥ stump model without disturbing the desired
trim line,

b. Sprinkle the inner surface of
the check socket with talcum powder and
fi1l with liquid plaster of Paris. Before
the plaster hardens, insert a hollow pipe
into the plaster. Make & recess in the
plaster around the pipe at the proximal end
of the mold approximately 1" - 1-1/2" in
diameter and 1-1/2" deep. A small hole
5 (approximately 1/4" diameter) should be
' drilled in the pipe towards the bottom of

the recess to facilitate vacuum lamination.
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c. After the mold has hardened,
puncture the plaster wrap with an awl at
the proximal and distal ends of the fore-
arm extension reference line., The punc- E
tures should penetrate into the male mold,
Insert an indelible pencil into the holes
and mark the male mold.

d. Remove the plaster wrap and
trim major irregularities, e.g., super-
fluous plaster. Accentuate all refer-

ence marks on the mold.

e. Pair the junction between
the stump model and the mold extension
with liquid plaster of Paris to provide
4 smoothly curved radius.
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f. Bulld up the olecranon area
on the male wold approximately 1/16"
with liquid plaster of Parig, This
build up will provide additional re-
lief for the bony prominence. .

g.' Build up the distal end of
the mold with liquid plaster of Paris
(approximately 1/2"). This build up
will increase the length of the socket
slightly and provide space for the cut-
out hold through which the stump sock
is pulled,

h. Sand the mold smooth and insert & round head screw into the two refer-
ence holes made on the lateral side of the mold. These screws will produce pro-
jections on the laminated socket through which a line will be drawn to align the

forearm extension cone.
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G. lamination

1. Materialg Required

2, 1/4" Hand Drill with 1/8" Bit
b. PVA Sheets

€. Dacron Blanketing

d. Nylon Stockinette

€. Polyester Resin

f. Promoter

8- Masking Tape

h. Vacuum Pump

1. Wrist Unit

J+ Manilla Paper

2. Procedures

The socket and forearm shell are laminated according to ltnndar% proca=
dures. To provide & truer reproduction of the mold, vacuum lasination 41s recom-

mended. The sequence of steps followed are:

a. Drill 1/8" holes through the
undercut areas at the proximal end of
the mold in order to draw the PVA bag
into those areas during lamination. The
holes should exit in the vicinity of the
previously meationed hole in the pipe.

n technique have been described in

Different'variations of the vacuum laminatio
the following published material:

A) Hepp! 0*’ Ind mhﬂ, Go G-’ opa Cit., ppl 157'16?.
Construction, Veterans Ad-

avove- : Stump Casting and Socket
B) Above-Knee Prosthetics suing amd Socket Conetrue i, et -

ministration Prosthetics Center,

How to | q Models of Irregular
ique in Plastic Lamination QOver
= gg;!;; UE:i::::::yT:;hgaliforn a at los Angeles, Prosthetics Education Progrem,
]
January 1962. .
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b. Lubricate mold and apply
inner PVA bag, dacron blanketing (for
smoother inner surface), nylon stock-
inette and outer PVA bag in the usual
manner, under 4 vacuum pressure of 12
inches of mercury. (This is equivalent
to 5.9 psei.)

c. Apply polyester resin in
the standard manner. Special atten-
tion should be paid to working the
resin into the undercut areas. Oven

cure as usual.

d. After the socket has cured,
cut an opening in the extreme distal
end of the socket. The hole should be
of sufficient diameter to allow the
passage of the stump pulling sock.
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e. Draw a reference line on the
outer wall of the socket by comnecting the
screvhead projections. Apply a forearm ex-
tension cone in the usual manner, with the
long axis line of the cone coincident with

the reference line.

f. The lamination procedure for
the forearm is the same as for the socket,
except that dacron blanketing is not used.
The forearm extension may be laminated as
a separate section or directly over the
socket using a wax melt-out. Both proce-

dures work satisfactorily.

After the forearm laminate
has been oven cured, cut the prosthesis
along the proximal socket brim and break

out the mold.
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H. Fitting of the Prosthesis

Drill a 1" diameter hole through
the medial wall of the forearm shell
close to the distal end of the inner
socket to permit passage of the stump
pulling sock. Polish the edges of the
hole with a grinding cone.

Wearing & length of cotton
stockinette (approximately 8-10")
as a stump sock, the amputee inserts

his stump into the socket and pulls
the distal end of the sock through the
hole-  The application of tension on
the stump sock facilitates the com-
plete ingertion of the stump into the
socket. The sock is left on the stump
and the end is tucked back into the
forearm shell.

Check the adequacy of socket
fit. Provide reliefs and modify trim
lines where indicated for comfort and

range of motion.
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I. Harnessing

Three different harness arrangements have been used successfully at
New York University with the “Muenster" type sockets.

The initial arms were fitted with a conventional Figure 8 harness vith
triceps pad, flexible hinges, and inverted Y strap. However, the intimate
stump encapsulation, flexion attitude, and high trim lines of the "Muenster"
sockets provide excellent retention and security, and in most cases obviate
the need for suspensory apparatus to maintain the socket on the stump. With-
out harness, the majority of subjects in the New York Umiversity evalustion
study with adult amputees were able to resist high axial loads (in the order
of 50 pounds) with negligible socket displacement. In the fitting of child
amputees the same results obtained with axial loads up to one-third of body
veight, Hence, the two simplified harness systems described have proved ade-

quate for most patients.

1. Conventional Harness

The conventional harness is fabricated according to standard prosthetie

practice, 8 However, because of the integral security of the socket, the size

of the triceps pad may be reduced.

In the New York Umiversity fit-
tings a triangular shaped triceps pad
constructed of light gauge aluminum cov-
ered with leather was used exclusively.
The general pattern of the templates used
ag a guide in shaping this triceps pad is
shown on the following page (Figure 6),
The exact size of these templates is de-
termined individually for each subject
according to the following formula:

a, The width is equal to omne-
half the circumference of the arm mea-
sured just above the epicondyles.

b. The length is three-quarters
‘of the width.

See chapter entitled "garness and Control Systems"

ey I-1



Figure 6
Template for 'rrlcazu Pad
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2., Simplified Harness Systems

Procedures for fabricating the two simplified axilla loop harness systems

are described below. In one system the reaction point is located at the proximal

socket while in the other it is located over the triceps. There is no significant

functional difference between the two systems,

The choice between the two systeas

depends on the amputees' preference regarding the location of their control cable,

particularly in relation to different types of clothing; e.g., an amputee who reg-

ularly wears short sleeve shirts may prefer the triceps reaction point systeam,

while one who regularly wears long sleeve shirts may prefer the proximal socket

reaction point system.

a. Proximal Socket Reaction
Point System

(1) Rivet a standard housing
cross bar assembly to the mid-line of the
posterior wall of the socket approximate-
ly 1/2-3/4" distal to the proximal brim.
The cross bar portion of the loop is di-

rected upward.

(2) locate the distal re-
tainer base plate on the lateral side
of the forearm in the usual manner so
that it produces as direct a line of pull
as possible between the cross bar and the

terminal device,

(3) Attach the cable housing
assembly in the usual manner. Maintain
the cable as short as possible without
interfering with function in order to
reduce the incidence of cable rubbing
on the flesh or clothing.

(4) Complete the harness
with an axilla loop arrangement., Flexi-
ble hinges or an additional suspensory
strap (i.e., front support strap) are

not needed.
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b. Triceps Reaction Point System

(1) PFabricate a small leather
triceps pad (3" x 3") and sew a strap (Vel-
cro is recommended) across the middle of
its posterior surface to provide a means

of securing the pad on the arm.

(2) Attach a standard housing
cross bar assembly over the strap and cen-

tered on the pad.

(3) Place the distal retainer
base plate on the forearm in the same man-

ner &8 described in the previous system.

(4) Attach the cable housing

assembly i{n the usual manner,

Complete the harness with an
axilla loop arrangement.
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Fabrication of

Above-Elbow Prostheses

The description of fabrication procedurex
for Above-Elhow prostheses is organized in
the same manner as in the Below-Elhow
chapter. The prosthetist should be thoroughly
familiar with Below-Elbow fabrication opera-
tions and terminology before attempting an
AE prosthesis.

The casting and molding section fur-
nishes techniques for all AE prostheses, with
variations for specific types noted. The Stand-
ard and Short AE (double wall} fabrication
methods are described next. followed hy the
Elbow Disarticulation type (both sin-
gle and double wall).

The principal components of an Above
Elbow prosthesis are the socket, elbow unit,
forearm, and wrist unit; the relationships of
these components are discussed below.

THE FUNCTIONAL REQUIREMENTS OF
THE SOCKET-ELBOW UNIT-FOREARM
SYSTEM
Short AE

To obtain maximum stability on the short
stump, a double wall socket is used, with
the proximal edge encasing the acrominn.

)

i

A full 135 degrres of forearm fievion, with
stahility in flexinn, s provided by an internal
I hing elbow unit

Manual srm mtatin s supplied by the
turntable of the elbow unit, shile the wrnt
unit allows manual wrnst rotstion

Standard AE

A double wall sxhet increaws asial uin.
bility: mingle wall conddruction mas e gead
where stumyp shape gwrmits and shere &
double wall swhet nould mabe instalintson
of the elbow umt diffcult

A full 135 degrees of forearm flonson, with
ahility in flexion, i= prenaded by the internal
lacking elhow umt.

Residual arm stump rotation s supgdement.
vd hy the clbow umt turntahle The wnet
unit permits mannal wns! mtatrm

Elbow Disarticulation

For a stump between 90 and 95 jeroent of
arm length, a doulde wall sor ket must be used
to provide the proper sizing.

For 85 to 100 percent of arm bength, a angle
wall socket i ueed.

Forming the sacket to it the eliiptual
crose-section of the humerue at the epnoon-
dyles permits transmission of arm mitstion to
the prosthesi«.
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A full 135 degrees of forearm flexion, with
stability in flexion, is provided by the outside
locking elbow hinge.

Manual wrist rotation is afforded hy the
wrist unit.

Some Variances in Proctice

The Standard AE amputee type normally
includes stumps of about 50 to 90 percent of
acromion-to-epicondyle length. However, the
A0 percent point is not the only criterion for
determining the prosthesis type. An empirical
index relating humeral length (from axilla to
rnd of humerus) to anterior-posterior stump
diameter (at axilla level) is of some value in
predicting the function of the stump.
Humeral Length
{axilla to end)

Stump Diameter
ianterior-posterior at axitla)

The measurements should be made with
firm pressure and the results interpreted as
follows:

Index greater than 1.33 or 115:

The stump should be capable of operating
a Standard AE prosthesis.

Index less than 1.33 or 115:

The stump is satisfactory only for the limit-
ed function of the Short AE or possibly a
Shoulder prosthesis.

Campbell Index

MOLDING FOR ALL AE PROSTHESES

Measurement and Marking

1. Location of Measurement Marks
Use an indelible pencil to mark the acro-

mion and measurement marks on the stump.

When fabricating an Elbow Disarticu-
lation prosthesis, also mark the el-
bow axis if the epicondyles remain.

p in the

The
the wrad

ks will transfer to
Succeeding operation.

2. Record of Measurements
Measure and record the girths and lengths,

3. Location of Relief Areas

Mark all bony prominences, tender spots
due to scars or underlying neuromas, etc. with
indelible pencil. These marks will also trans-
fer to the wrap and will indicate areas where
relief of socket pressure on the stump mav
be necessary.

The Mold or Wrap
1. Preparation of Cast Sock

Sew a length of stockinet (sufficient to ex-
tend at least 2 inches proximal to the acro-
mion) in a curve to match the end of the
stump. The stockinet should be of appropriate

width (usually 3 inches) to fit snugly to the
stump. Cut to form a 14-inch seam allowance.

Slit one side of the proximal end slightly =0
it will fit well up inte the axilla and over the
top of the shoulder. .

Draw the cast sock over the stump with
the seam allowance on the outside. Place a
piece of stockinet under the axilla to cover
the hair. Clamp the sock and axilla cover in
place to an elastic chest strap.
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2. Application of Plaster Bandages

Cover the clothing of the amputee to pro-
tect it from plaster.

Prepare the plaster bandages and start the
wrap near the midpoint of the stump. Roll
the bandage in a spiral downward, overlapping
each previous turn by about half the handage
width. Continue to the end of the stump. Lap
several layers over the end and spiral hack up
past the midpoint to about 2 inches ahove the
acromion, then back to the starting point. Do
not wrap too tightly over the stump end!

Repeat the procedure until about
three layers cover the stump,
plaster starts to set, lightly shape
the wrap around any bony spurs or
protrusions., Make sure the medial
surface of the wrap is flat and not

curved,
Allow the wrap to harden with the
stump in the normal hanging position.

3. Completion of Mold

Remove the elastic strap and pull the wrap
(including the cast sock) from the stump. For
some Elbow Disarticulation types, it may be
necessary to cut the wrap in order to re-
move it.

As the

The indelible pencil marks previously made
on the stump will have translerred to the cast
sock. These marks on the inner surface of the
wrap should be re-marked.

The Cast or Model
1. Application of Ploster

Prepare the plaster of Paris mixture and
pour themo1d full, agitating gently to remave
entrapped air.

Prop the mold on its lateral side to harden.
When it has hardened sufficiently. insert the
dented-end third of a foot-long, half-inch pipe
to serve as a holding rod.

‘

2. Removal of Wrop

Cut the wrap down the side with a kmife,
taking care not to damage the gngt, Strip
the wrap from the cast and diward it
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Re-mark the indelible pencil landmarks
that have transferred from the wrap to the
cast,

3. Completion of the Model

Measure girths on the cast and compare
them with the recorded stump measurements.
Use a knife, scraper, or wire screen to shape
and smooth the model to proper size. Be care-
ful not to reduce the areas where relief is
needed for scars, etc. In cases where a heavy
stump sock will he worn, shape the model
slightly larger to allow for this.

The Check Socket
1. Preporation of Waox

Heat the beeswex on an electric plate (not
an open flame, for the fumes are flammable)
to a temperature of ahout 275° F. or until
bubbles just begin to form when a test piece
of stockinet is dipped into the wax.

2. Layup
Cover the master model with a thin film

of parting compound, such as petrolatum,
to prevent adherence of wax to plaster.

Cut two lengths of cotton stockinet
of appropriate width, each twice as
long as the model, plus eight inches.
Pull one length inside the other and
then place half of the stockinet
gently over the model so that petro-
latum does not saturate the fabric.
With heavy cotton cord, loosely tie ‘
off the stockinet at the distal end
of the model. Reflect the remain-
ing length over the model, pull down
:18ht1y, and tie off around the man-

rel,

3. Application of wéx
With a 1ad]_e or cup, dip out the
hot wax and pour it over the stocki-
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net. Use enough wax to impregnate
the stockinet completely and place
in cool water to harden., BRe careful
never to allow water to be introduced
into the basin of hot wax.

While the wax is cooling, press
and massage it to be sure that all
contours have been faithfully repro-
duced.

4, Removal of Check Socket

Trim the wax around the proximal
edge of the model., While still warm,
slide the socket from the model, using

he
an air hose to blow around the proxi-
mal edge to force separation if neces-
sary.
For some Elbow Disarticulation types
it may be necessary to slit the cast 0
remove it from the model.

5. Check-Socket Fitting

Place cotton stockinet over the
stump and apply the check socket by
pushing it onto the stump while pull-
ing on the stockinet which extends
through the hole in the end of the
wax socket. Liberal use of talcum
powder facilitates this process.

Fitting the check socket includes
the following: a. overall fit, that
is, is socket too loose or too tight?
b, trim lines--for the standard AE
and elbow disarticulation, the later-
al edge of the socket extends to the
acromion. For the short AE the lat-
eral edge extends over the acromion
and no less than two inches proximal
to it. The anterior and posterior
socket margins depend primarily on



stump length and tissue consistency,
but should not extend past the delto-
pectoral line anteriorly, nor approx-
imately two inches medial to the axil-
la posteriorly, These margins may be
considerably reduced in the case of
long, firm stumps. Be sure the sock-
et fits snugly into the axilla and {s
flat, rather than curved, in that ar-
ea, c¢., comfort--have the patient
exert force in all directions against
resistance and note the location of
any pain or discomfort. d. total
contact--cut inspection holes to
check for total contact.

Since the wax check socket is mall-
eable, its shape and volume can be
readily altered to correct any prob-
lems that are uncovered.

6. Location of Plumb Lines (For

Carrying Angle)

Place the check socket on the
stump, with the stump in a natural
hanging position. Be sure the pa-
tient is standing comfortably erect,
fn good alignment, and with weight
evenly distributed on both feet.
Place a plumb line along the ante-
rior aspect of the socket so that
it falls apprixmately 1/2 inch lat-
eral to the pelvis, This plumb
line will be used to establish the
location and angle of the elbow unit
to prevent the prosthesis from strik-
ing the body when hanging or swinging
at the side.

Then place the plumb line on the
lateral aspect of the socket and lo-
cate a lateral vertical line.

Remove the socket from the stump and
punch two small holes near each end of the
plumb lines. The holes will allow tiny protru-
sions to form on the laminstion mold to
identify the plumb lines.

Also mark the acromion location on the
check socket with an awl or punch. This land-
mark will be used in later operations as a
reference for mizing.
Lani{nat{on Model: Plaster Method
1. Application of Plaster

Mix enough plaster and water to fll the
socket about half full. Pour the plaster into
the socket and slowly rotate the socket while
pouring the plaster back into the mixing bowl.
Repeat this operation until the plaster wall
is about Y-inch thick all sround the inside
of the socket. Allow the plaster to harden for
sbout % hour.

2. Remoavol of Check Socket

Slit the wax socket with a knife and peel it
from the breakout. Do not deform the socket
more than necessary, since it may he needed
again if the breakout ix damaged.

Hold the breakout up to the light and look
inside for thin areas. If such areas exist, mix
more plaster and slush it inside the breakout
until the wall is built up sufficiently.

3. Completion of Breckout

Smooth the hreakout with randpaper or
wire screen to remove {irregulatities,
Place roundhead wood screws in the
four protrusions which define the
plumb lines, These will serve to
identify the vertical reference lines
on the laminated socket.

Close the proximal end with plaster that
has thickened to the consistency of whipped
cream. Insert a small diameter tube into the
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breakout to serve as a vent
Be sure this tube is not
breakout in an oven at 14
three hours.

When fabricating an Elbow Disarticulation .
tvpe or a double wall Short o Standard AE
prosthesis, paint or dip the breakout in part-
ing lacquer to cover it with a thick, even coat.
Three or four separate coats of lacquer should
be applied and allowed to dry. -

STANDARD AND SHORT AE PROSTHESES
(DOUBLE WALL)

First Layup
1. Preporotion
Cut three lengths of stockinet, each about

4 inches longer than the mold, and another
about half the mold length.

and holding rod.
clogged. Dry the
0° F. for at least

Sew the end of each piece in a curve to
match the distal end of the mold, and cut off
the excess to form a !4-inch seam allowance.

.

P iy
B W3

2. Application of Stockinet

Pull two of the long pieces down tightly
over the mold, keeping the spam allowance on
the outside and the ribs straight to provide a

smooth interior socket surface. Tie the open
ends to the holding rod with string.

Pull the short piece of stockinet over the
layup and trim it to where the second lamina-
tion will fair in.

3. Completion of Layup

Turn the remaining piece of stockinet in-

side out and pull it over the layup. Smooth

the layup and tie the open ends of
the stockinet tightly around the rod.

Buildup
1. Preparation

Remove the pressure sleeve from the cured
socket. If the plumb lines are not visible, lo-
cate the small protrusions and draw the lines
on the socket.

Remove the turntable from the elbow unit

and cover the knurled skirt with masking tape

to keep it free of wax. If the turntable does
not have sufficient hole area to permit the
bees wax to melt out readily, drill several -
inch holes in the face of the turntable. _

Obtain a 9 x 12-inch piece of Manila paper
or other resin impregnated paper thalf of a
Manila folder is usually satisfactory) to use
in making the huildup form. Halfway along

one of the long sides, make a pencil mark
about 14 inch from the edge. Draw a curve
about 3 inches on each side of the mark and
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cut along the line. This cut side will allow the
turntable to fit squarely to the paper when it
is formed into a cone.

2. Alignment of Turntable, Form, and Socket
Wrap the curved side of the Manila paper
around the taped skirt of the turntable so a
conical form is fashioned.
With one hand hold the cone and turntable,
with the turntable face flat on a table.

PLUMS
LINE

With the other hand position the socket_ in
the cone so the distance between the acromion
and the table surface corresponds to the re-
quired arm length (Dimension A) minus the
distance between the elbow axis and the turn-
table face (11 inches for most elbow units)
A height gauge is useful for setting
the distance.

With the socket held in the proper position,
adjust the cone so the proximal end fairs to
the socket.

As soon as the correct conical shape is ob-
tained, remove the socket from the form and
apply one piece of masking tape at the middle
of the form to hold the conical shape.

Trim the proximal end of the form if it is
too long.

Align the form and socket with the edge of
the turntable just lateral to the projected an-
terior plumb line and exactly on the socket
axis in the side view. Check the arm length
again to see that it is correct. Tape the proxi-
mal end of the form securely to the socket.

Square off the turntable so it is perpendicu-
lar to the anterior plumb line, and makes an
angle of about 85° with the lateral plumb line.

|
L
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Tape around the turntable to attach it to
the form. Mask all seams to prevent wax leak-
age. Spiral-wrap tape around the form to
strengthen it.

If an internal cable exit elbow unit is used,
be sure that the elbow unit will be in the cor-
rect anterior-posterior orientation and will
allow maximum medial rotation.

3. Attachment of Form Extension

Fashion a 3-inch-wide strip of Manila paper
into a cylinder to fit around the distal end of
the form so as to extend the form ahout 2
inches beyond the turntable.

Tape the extension to the form and tape
the seam.

4. Application of Wax

Heat the beeswax until it i5 at its lowest
possible pouring temperature. Do not get the
wax too hot!

Pour a small amount of wax into the form
to check for leaks. If all seams are sealed
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properly, pour the wax slowly to fill the form
to within one inch of the top of the extension.
Continue to add wax as the wax cools and
shrinks.

When the wax has hardened, remove the
form and extension.

5. Completion of Buildup

Shape the projecting cylinder of wax on the
turntable into a dome so the pressure sleeve
will not tear during lamination.

Smooth out any irregularities in the build-
up surface to provide a smooth contour.

Coat the buildup with a thin film of parting
lacquer.

Scrape excess wax from the plastic socket
and clean it with benzine,

Rough-up the exposed outer surface of the
plastic socket with a coarse file to effect a se-
cure mechanical bond between the inner and

outer wall. One inch of socket between
trim line and wax is needed.

Second Layup
1. Preparation

Remove the masking tape from the turn-
table and clean the knurled skirt.

Cut one piece of stockinet 2 inches longer
than twice the length of the buildup, and
another piece 6 inches longer than the first.

2. Application of Stockinet

Pull one end of the shortest piece of
stockinet over the buildup until the edge is
about 14 inch proximal to where the buildup
joins the socket.

Tie the stockinet tightly to the turntable,
encircling it twice with 4-cord linen thread
and making sure the thread lies completely in
the groove,

Pull the free end of the piece down, keeping

the ribs straight, and trim it so the edge is
about 3 inch distal to the first edge.

i iece of
fﬂ_z it to the turng, et

Pull half of the e i e

i
escf ; e
read is in the ¢ e
ous thread, ¢ the stO-cl(mEt tightly down,
ayup to :
the two layers securew

Mold Removal: plaster Method

1. Pre ti :
While the plastic is till Wam, cut of the

end of the layup at the acromion f.or a Stand-
ard AE, or about 2 inches proximal to the
acromion for a Short AE. Leave the pressure
sleeve on to protect the finish of the plastic
during subsequent operations.

2. Removal of Plaster

Strike the plastic socket with a rubber mal-
let just hard enough to crack the plaster. It
may be necessary to use a chisel to dig out
plaster in the distal end of the socket. Do not
strike too hard near the turntable or de-
lamination may occur.

3
3. Clcuningt;hc Socket

Remove the film of dried lacquer from the
socket. If any particles of the plaster and lac-
quer cling to the socket wall, remove them hy
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wiping with a wet cloth. Remove all wax and
foreign material from the turntable,

Trim and Assembly
1. Determination of Socket Trim

Trim the socket to the rough trim line es-
tablished on the check socket. Place the
socket firmly on the amputee’s stump and
check the trim line for necessary alterations.

For Short AE: The lateral edge should ex-
tend about two inches proximal to the acro-
mion, so as to provide suspension on the
shoulder without restricting elevation. The
anterior and axillary edges should be as high
as possible without causing limitation of mo-
tion or discomfort.

For Standard AE: The lateral edge should
be at the acromion, but without the
edge digging in and displacing the
socket when the arm is abducted.

The anterior edge should not be displaced
when the arm is flexed and depressed across
the body.

The axillary lip should be as high as per-
mitted by the amputee’s comfort.

After trimming, sand all cut edges round
and smooth and seal the edges

2. Assembly of Socket, Elbow Unit, and

Forearm Shell

The forearm shell, complete with wrist unit
and elbow unit, can he ohtained from a pros.
thetics supply house assembled as an AE
set-up.,

Cut a 1¥-inch hole in the medial distal por-
tion of the socket (ahout 2 inches above the
turntable skirt) to permit attaching the elbow
unit to the turntable. If clearance is not suf-
ficient, cut a hole in the distal end of the inner
wall.

When an internal cable exit unit is used,
drill a 1/16-inch hole about halfway up the
socket {or as high as the inner wall permits)
and about 3} inch medial to the anterior-pos-
terior mid-line. Drill the hole at an angle to
prevent kinking of the cable, Smooth and seal
the edges of the hole and feed the cahle
through it.

Assemble the elbow unit and adjust the
turntable friction to withstand a torque of
five ft.-1lbs,

Test the elbow unit to make certain it locks
and unlocks properly and allows a full 135
degrees of forearm flexion.

3. Instaliation of Termincl Device

Assemble the wrist and attach the pre-
scribed terminal device and sizing accessories
in accordance with the manufacturer's in-
structions and the sizing plans,

4. Assembly of Control System and Harness
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ELBOW DISCARTICULATION PROSTHESIS
(SINGLE WALL)

Single wall construction is used when the
stump is about 95 - 100 percent of arm length
(the epicondyles remain).

Location of Outside Locking Hinge Spocer
{(Elbow Disarticulation Only)
Single Wall Socket

If the epicondyles remain, use an awl to
make a small hole in the check cast exactly at
the center of each epicondyle indicated to de-
termine the elhow axis. Punch two holes with
a leather or cork punch of appropriate dia-
meter to match the special adjustable spacer,
with the centers exactly on each epicondyle
center.

Insert the spacer and adjust the width to
extend about 1§ inch from the check socket.
(An alternate method is to locate the spacer
later in the lamination mold.)

If no epicondyles remain, lay off Dimension
A on the check socket from the acromion to
locate the elbow axis. Tape the hinge on to
determine the proper alignment, then punch
holes and insert the spacer.

If the elhow axis lies proximal to the end
of the check socket, punch holes and install
the spacer as above, providing there is suffi-
cient clearance between the spacer axis- and
the end of the check socket. Do not deform
the check socket during this operation.

1f the elbow axis lies distal to the end of
the socket, the hinge spacer must he located
later in the buildup operation.

Layup: Socket
1. Preparation

Cut four lengths of stockinet, each ahout
3 inches longer than the mold.

Sew the end of each piece in a curve to
match the distal end of the mold and cut to
provide a 13-inch seam allowance.

2. Application of Stockinet

Pull two of the pieces down tightly over
the mold, keeping the seam allowance on the
outside and the ribs straight to provide a
smooth interior surface of the socket. Tie the
open ends to the holding rod with string.

Cut a slit in the stockinet over each of the
spacer ends and force it down over each end
so it fits snugly around the protruding spacer.

3. Attachment of Hinge Socket Straps

Disassemble the hinge and drill five to eight
13-inch holes in each socket strap and forearm
strap. Remove the burrs from the holes with
a countersink.

FOREAPY

N\~ stoap
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Using bending irons, shape the straps to the
contour of the layup, but do not hend the
mechanism part of the strap.
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If the hinge has extensions on the socket
straps, bend the extensions over the distal end
to conform to the shape of the layup.

They may be soldered together for greater
strength if desired.

Coat the threads with silicone grease and
attach the straps to the spacer, aligning them
along the axis of the layup with the mech-
anism strap usually on the medial side.

Pack any gaps between the hinge strap and
the layup with scraps of stockinet.

4. Completion of Layup ‘
Turn the two remaining pieces of stockinet
inside out (seam allowance on the inside).

Apply the last pieces, pull down tight
anu tie the open ends to the holding
rod,

Lamination: Socket
Buildup: Forearm _

NOTE: Forearm assemblies may be pur-

chased from a prosthetics supplier.

1. Preparation

Do not remove the pressure sleeve, as it will
serve as a parting film during the subsequent
lamination.

If a manual Jock wrist unit is prescribed,
disassemble the mechanism to keep it free of
wax. Drill several 4-inch holes in the face of
the wrist unit to expedite wax removal. .

Cover the knurled portion of the wrist unit
with masking tape.

Obtain a 9 x 12-inch piece of Manila paper
or other resin impregnated paper (half of a
Manila folder is usually satisfactory) to usein
making the buildup form.

P e i |
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Halfway along one of the long sides, make
a pencil mark about ¥ inch from the edge.
Draw a curve about 3 inches on each side of
the mark and cut along the line. This cut side
will allow the wrist unit to fit squarely to the
paper when it is formed into a cone,

2. Attachment of Hinge Straps

Cover the forearm straps with masking tape
to prevent wax from adhering to the metal
during the buildup operation.

Cut away laminate where necessary to al-
low assembly of the forearm straps on the
socket.

3. Alignment of Wrist Unit, Form, and Socket

Wrap the curved side of the Manila paper
around the taped skirt of the wrist unit ro a
conical form is fashioned.

Determine required forearm length in ac-
cordance with the sizing plans and formulas.
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With one hand, hold the cone and wrist
unit with the face of the unit flat on a table.

With the other hand, position the socket
in the cone so the distance between the elbow
axis and the table surface corresponds to the
required forearm length (Dimension C or D).
A height gage is useful for setting the dis-
tance.

With the socket held in the proper position,
adjust the cone so the proximal end fairs to
the socket.

As soon as the correct conical shape is ob-
tained, remove the socket from the form and
apply one piece of masking tape at the middle
of the form to hold the cone shape.

Trim the proximal end of the form if it is
too long.

Align the form and socket so the cone axis
is parallel to the plumb line and set in about
15° initial flexion. Check the forearm length
again to see that it is correct. Tape the proxi-
mal end of the form securely to the socket.

Square off the wrist unit so it is perpendicu-
lar to the form axis, and tape around the unit
to attach it to the form.

Mask all the seams to prevent wax leak-
age, and spiral-wrap tape around the form to
strengthen it.

Make sure the proximal posterior opening
of the form is large enough to permit the fore-
arm section to ride over the distal end of the
socket during full forearm flexion.

4. Attachment of Form Extension

Fashion a 3-inch-wide strip of Manila paper
into a cylinder to fit around the distal end of
the form so as to extend the form about 2
inches beyond the wrist unit.

Tape the extension securely to the form and
tape the seam.

5. Application of Wax

Heat the beeswax untll itisat its lowest
possible pouring temperature.

Pour a small amount of wax into the form
to check for leaks. If all seams are sealed
properly, pour the wax slowly to fill the form
to within one inch of the top of the extension.
Continue to add wax as the wax cools and
contracts.

When the wax has hardened, remove the
form and extension.

6. Enlargement of Hinge Grooves

Remove the hinge straps and widen and
deepen the grooves in the wax, to allow layers
of stockinet to lie under the straps without
pushing them above the surface of the wax.

7. Completion of Buildup

- glaapz (!]::1; c:c!)intier of Wax on the wrist anit
. S

tear during laminat; oressure sleeve will not

If a rolleg eq <

fashion a U.gh, & forearm

ped Cutout js geq

o cute ired,
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proximal surface of the buildup, extendinz
about 3 to 4 inches from the hinge axis. Make
the depression about 3} inch deep and round
the edges.

Smooth the wax and coat it with a thin film
of parting lacquer.

Layup: Forearm
1. Preparation :

Make sure the lock mechanism has been
removed from the hinge.

Remove the masking tape from the wrist
unit and clean the skirt.

Cut two lengths of stockinet about 6 inches
longer than twice the length of the forearm.

2. Application of Stockinet

Pull half of one piece of stockinet over the
buildup. Tie it securely to the wrist unit with
linen thread.

Turn the other half inside out and pull it
over the layup. Tie the two layers to the
socket about 2 inches proximal to the elbow
axis,

Pull the remaining piece of stockinet over
the forearm and tie it to the wrist unit in the
manner just described, making certain the
thread is in the groove and distal to the pre-
vious thread.

Roll the stockinet back up to the wrist unit.

3. AHachment of Hinges

Remove the masking tape from the hinge
straps.

Cut away the stockinet just enough to per-
mit assembly of the hinges.

Coat the threads with silicone grease and
install the forearm straps.

Pack any gaps between the straps and the
groove with stockinet scraps.
4. Completion of Layup

Roll the layer of stockinet down over the
layup,

Pull the other half of the stockinet down
tight, keeping the ribs straight, and tie the
open eaxds to the socket.

Lamination: Forearm

Meld Removal: Plaster Method

1. Preporation

While the plastic is still warm, cut around
the screws or holts which hold the hinge to-
gether and remove them,
2. Separation of Forearm Shell

Cut through the outer lamination as close
to the socket as possible. Cut around the shell,
through the peak of any bulges or high rpats,
so the forearm shell can be pulled away from
the socket.

Separate the socket and forearm shell. Do
not remove the pressure sleeve from the shell.

3. Removal of the Plaster
Cut off the socket and holding rod ahout
one-quarter inch proximal to the acromion.
Peel off the portion of the second lamina-
tion from the socket.
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Strike the socket with a rubber mallet just
hard enough to crack the plaster. Do not
strike too hard near the hinges or delamina-
tion might occur. It may be necessary to use
a chisel to dig out plaster in the distal end of
the socket.

Narrow the width of the spacer and remove
it from the socket.

4. Cleaning the Socket

Remove the film of dried lacquer from the
socket; if any particles of plaster and lacquer
cling to the socket wall, remove them by wip-
ing with a wet cloth.

Clean all resin and wax from the pivot or
mechanism part of the hinge.

Trim and Assembly
1. Determination of Socket Trim

Trim the socket to the approximate trim
line established on the check socket.

Check the trim with the socket on the
stump.

Trim the lateral edge as high on the deltoid
as possible without digging in and displacing

the socket when the arm is elevated. Trim the
anterior edge so it does not displace when
the humerus is flexed and adducted across the
body. Trim the axillary lip as high as the am-
putee’s comfort will permit.

For some special cases it may be necessary
to trim a spiral opening in the anterior portion
of the socket so the epicondyles may be
“screwed” into the socket. It is also possible to
slit the anterior portion along the socket axis
to permit entry of epicondyles into the socket,
using a billet and buckle to close the slit.

2. Determination of Forearm Shell Trim

Make certain the hinge is free of foreign
material. Assemble the hinge and locking
mechanism.

Trim the forearm shell to allow maximum
135 degrees of flexion.

Test the elbow lock mechanism to make
certain that it locks and unlocks properly in
every locking position.

3. Instollation of Terminal Device

Clean any wax or foreign material from the
wrist unit housing.

Assemble the wrist unit and attach the pre-
scribed terminal device and sizing accessories
in accordance with the manufacturer’s instruc-
tions and the sizing plan,
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4. Assembly of Control System and Harness

ELBOW DISARTICULATION PROSTHESIS
(DOUBLE WALL)

Double wall construction is used to provide
proper length sizing when the stump is about
90-95 percent of arm length.

First Layup: Socket

1. Preparation

Cut two lengths of stockinet, each about
three inches longer than the mold, and two
pieces about 14 the mold length.

Sew the end of each piece to match the
distal end of the mold and cut it to provide
a 14-inch seam allowance,

2. Application of Stockinet

Pull one of the long pieces over the mold,
with the seam allowance on the outside and
the ribs straight. Apply the two small pieces
and trim the proximal edges to where the
bu‘ldun will fair in.

Turn the remaining long piece inside out
(seam allowance on the inside) and pull it
over the layup. Tie the open ends securely to
the holding rod.

Lamination: Socket

Buildup: Socket
1. Preparation

Remove the pressure sleeve from the cured
socket.

Construct a special hinge spacer from a
half-inch hardwood dowel. The spacer width
should be equal to the mediglateral width at
the distal end of the layup. Sand the spacer so0
the ends are flat and parallel. Drill and tap
tc receive the hinge screws.

2. Application of Wax

Construct the huildup from softbeeswax
to hold the hinge rpacer and to provide a
smooth contour {or the distal end.

3. Locotion of Hinge Spocer

Position the spacer while fashioning the
buildup =0 the distance [rom the scromion ta

PLuma
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The spacer axis corresponds to Dimen-
sion A. In some instsnces, the length
may be slightly longer than Dimension
A, due to the ioner socket length.

Align the spacer %o it is st right angles to
the plumb line and in the normal elbow axia
plane.

The spacer will remain permanently in the
socket,

4. Completion of Buildup

Smooth out any irregularities in the wax
to provide smooth contours.

Scrape excess wax from the plastic socket
and clean it with benzine, Rough-up the ex-
posed outer surface of the plastic with a
coarse file,

Second layup: Socket
1. Preparation

Cut two lengths of stockinet, each about 3
inches longer than the layup, and two pieces
about 1 inch longer than the huildup.
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Sew the end of each piece to match the
end of the buildup, and cut to provide a ;-
inch seam allowance,

2. Application of Stockinet
Pull a short piece of stockinet over the

buildup until the edge is about 14 inch proxi-
mal to where the buildup joins the socket.

Pull another short piece down, and trim it
so the edge is about 3} inch distal to the first
edge.

Cut a slit in the stockinet over the spacer
ends and force it around the spacer so the flat
spacer ends protrude.

3. Attachment of Hinge Socket Straps

Disassemble the hinge and drill five to eight
1g-inch holes in each hinge socket and fore-
arm strap. Remove the burrs with a counter-
sink.

FOREARM

~ STRaAp

— EXTENSION

SCCKET
“~ STRAP

Using bending irons, shape the straps to the
contour of the socket.

If the hinge has extensions on the socket
straps, bend the extensions over the distal end
to conform to the shape of the layup.

Apply silicone grease to the screw threads.
Attach the straps to the spacer, aligning them
along the axis of the layup, with the mechan-
ism strap usually on the medial side,

Pack the gaps between the straps and
socket with stockinet scraps.

4. Completion of Layup

Turn the remaining pieces of stock-
inet inside out.

Apply the last pleces, pull down
tight, and tie the stockinet to the
holding rod.

Lamination: Socket

he procedure for FOREARM BUILDUP,
FOT!EAI:,M LAYUP, FOREARM LAMINATION,
MOLD REMOVAL, and TRIM AND ASSEM-
BLY is identical to that for the single wall
Elbow Disarticulation,
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Fabrication of Shovlder Prostheses

Shoulder prostheses have a basic similarity
regardless of large differences in size. They
consist of a shoulder section, arm section, el-
bow unit, forearm section and wrist unit, How-
ever, there are some component differences,
and considerable differences in the socket con-
struction, so that the characteristics of each
type must be described. The chief factor in
socket construction is to obtain good bearing
upon the residual shoulder elements or thorax,
for stability, yet capture any remaining mobil-
ity in the shoulder girdle.

TYPES AND FUNCTIONS OF
SHOULDER SOCKETS
Disarticulation

Shoulder mobility should usually be good
in this type; the socket is designed to permit
full scapular abduction and adduction for con-
trol system operation and for a moderate

amount of active arm positioning. There is
space for sectional plates, as shown in the
illustration. This permits the prosthesis to be
constructed in separate shoulder and arm sec-
tions, reducing the difficulties of fahrication.

Also, some passive functions can be added to
the shoulder through sectional plate modifica-
tion.

Forequarter
This is also two-piece, having the same

components as the SD, but the thorax-bearing
shoulder piece is much larger and requires an
extensive fitting procedure to form the skirts

to the thorax. Obviously, no shoulder elements
remain to give mobility on this side.

Humeral Neck )
Unlike the first two types, there is no space

for shoulder plates, and the ‘shoulder and arm

sections are completely fused. With intact
shoulder girdle, there is more residual mobility
and the skirts of the socket are limited so as to
retain some of this mobility in the prosthesis.
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OUTLINE OF FABRICATION STEPS

The section on casts and molding is writ-
ten for the Disarticulation and Humeral Neck
prostheses. Since the Shoulder Disarticulation
is the most frequent of these amputee types,
its corresponding prosthesis will be described
first in full detail. Next, the Forequarter pros-
thesis will be considered as essentially a varia-
tion of this type, having similar components
but specialcasts, molding and fitting tech-
niques. Intermediate forms for partial scapular
and clavicular losses are rare, and may be de-
vised by the skilled prosthetist without decrip-
tion here. Finally, the Humeral Neck pros-
thesis will be outlined with emphasis on fitting
procedures special to it. For comfort, stability
and appearance, all shoulder prostheses must
be double wall; hence, only double wall fab-
rication will be presented.

Shoulder prosthesis is by far the most diffi-
cult job that the prosthetist can perform, and
only a highly skilled technician should at-
tempt it. This means that he should first be
master of all the techniques of fitting and par-
ticularly the methods of plastic fabrication.
Conseqliently, much of this detail can be
omitted in this chapter, and only the major
steps and unique features need be set down.

Molding; Shoulder Disarticulation
and Humeral Neck Prostheses
Measurement and Marking _
Record the sound side measurements called
for by the Measurement Form. Mark ten-
der spots with indelible pencil, for
later relief. Also mark the existing

bony prominences, including the

acromion, spine of the scapula, clavicle, and
the end of the humerus, if present. In the case
of a Shoulder Disarticulation, with no humerus
remaining, the underlying coracoid process

will be revealed as a lateral projection and
will be important to mark for proper fitting.
In addition, measure the distance between
the spinal line and the most lateral promi-
nence of the amputated shoulder—in effect,
the hemi-diameter of the shoulder.

Silhouette Diagram
Stand the amputee in normal posture, with
his back to a wall on which wrapping paper

has been attached. Outline the frontal sil-
houette of the torso, shoulders, and sound
arm down to the elbow. Add a spinal (center)
plumb line bisecting the neck and continuing
to the waist. Sketch in the desired plan of
the symmetrical contour of the prosthesis
shoulder and arm on the chart.

The Mold or Wrap
Slit 6-inch stockinet to form a rectangle of
stockinet and fasten to the shoulder by an

]

elastic strap. Wrap plaster bandages (4-6
inches) over the shoulder to about 3 layers
of thickness. The covered area is bounded by
the neck, the nipple in front, the medial
boundary of the scapula and 4-6 inches
below the axilla. Remove the wrap when the
plaster has set. Re-mark the indelible pencil
relief marks on the inner surface of the mold.
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The Cast or Model

Apply parting agent to the mold
and prepare plaster. Build the cast in a
1-inch thickness over the concave surface of

Anchor a holding rod to the plaster and build
a supporting bridge to stabilize the holder.
Allow to harden, then strip off the wrap.
Smooth and shape the model to final contour,
including the indicated reliefs.

The Check Socket

Prepare 4 pieces of stockinet long: enough
to cover the model with generous ex<
tra length. Pull on the stockinet
layer by layer, oriented in the me-
dial-lateral direction. Ladle on
the beeswax in the usual manner,
harden in cool water, and seal the
lateral end by pressing.

Try the check socket on the amputee's
stump, working out the reliefs until
a satisfactory fit is achieved. Spe-
cial attention should be given to the
fit around the coracoid process, Be
sure to check the fit and trim while
the amputee makes shoulder motions.
The superior-medial socket edge
.should be as close as possible to the
neck without impingement as the pa-
tient moves. The anterior trimline
should always remain lateral to the
nipple and should not restrict scap-
ula abduction. Inferiorly, the sock-
et margin should be low enough for
socket stability, usually 3-4 inches

below the axilla. Posteriorly, the
socket should extend to the medial
border of the scapula.

After a satisfactory fit is ob-
tained, secure the check socket to
the shoulder with elastic webbing
and mark anterior and lateral plumb
lines.

Lamination Model: Plaater Merhod
Place the check socket with the open end
up, and slush in plaster to build a one-inch
cast thickness, Hand forming of the skirt
boundary, using nearly congealed plaster, will
be necessary. Fasten in the holding rod with
a mound of plaster. Fill the space with balled.

up newspaper and finally cover with a thin

layer of plaster to complete an enclosure of
the mold space.

Remove the check socket, sandpaper the
lamination model smooth, and coat it with
parting lacquer. It is now ready for the lam-
ination procedure.

SHOULDER DISARTICULATION
PROSTHES!IS -

First Layup: Shoulder Section

Fashion 3 pieces of stockinet into “socks” by
cutting curved ends and sewing with a 14.inch
seam allowance. Pull the first stockinet with
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seam. allowance out, then the second, and
finally the third with seam allowance inward.
Pull the three layers tight and gather in by
tying around holding rod with string.

Lamination: Shoulder Section

The amount of resin required is 250 to 300
gm. Be sure to fill the stockinet layup with
resin completely, so that when the pressure
sleeve is firmly tied on, and the resin
“stringed,” no starved areas will result.

Buildup: Shoulder Section _

Remove the pressure sleeve, and jig the
inner wall piece for wax buildup. Note: Later
assembly of the sectional plates can be facili-
tated by slotting and drilling the untapped
holes of the inner plate to the shape of key-
holes. The screws may then be pre-installed,
the screwheads inserted into the holes, the
plates twisted into position, and the screws
tightened through the access holes in the inner
rocket.

Plan the alignment of the inner sectional
plate (the inner plate has the untapped holes

for bolting to the outer plate). Use the ampu- -

tee’s silhouette drawing as a guide, as follows:

As nearly as possible, the plate should be
vertical and in a sagittal plane,

The upper edge of the plate should be lower
than the acromion by ! to 3 inch to give
more normal shape to the shoulder. This is
shown as ¢ in the illustration.

The lower edge should offset from the adja-

cent wall by 5 to 3} inch (shown as b).

Apply bees wax to completely fill the space
between plate and laminate wall and to con-
tour smoothly from the lamination flange of
the plate to the skirt of the inner wall. The
tapering off of wax should be done with due
regard for appearance, but at least 113 to 2
inches of the inner wall skirt must be left un-
covered for bonding of the resin of the outer
wall,

Smooth and polish the buildup surface.
Rough up the exposed inner wall skirt with a
rasp.

Build a dome of wax over the sectional
plate in preparation for lamination procedures.

Second Layup: Shoulder Section

Clean the plate lamination flange with hen-
zine. Prepare two pieces of 6-inch stockinet.
The first is about twice the mold length; the
second about a foot longer than the first. Pull
half of the shorter (first) piece over the mfﬂd
and tie its center firmly to the lamina_tlorl
flange. Trim the end about % inch proximal
to the buildout border. Then, pull the other
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end back over it and trim about 3; inch prox-
imal to the first. Finally, pull the long piece
over the mold and tie its center firmly into the
flange groove. Pull both halves strongly over
the mold, gather about the holding rod and tie
securely.

Lomination: Shoulder Section

The method of resin impregnation differs
depending upon the general shape of the mold.
If it is somewhat conical and elongated, the
conventional pressure sleeve with pressure im-
pregnation is employed. If it is flatter in con-
tour, the spatula method of adding resin is
used.

About 300 grams of resin i3 required for
this lamination. When laminate has cured,
make an approximate trim cut along the skirt
of the socket, remove mold, strip off sleeve and
clean up the socket piece. Final trim can be
left until prosthesis is complete.

Alignment: Arm Section

Bolt the arm alignment jig to the
outer sectional plate; take special
care to make the form of the lateral

strap of the jig similar to the front-

al contour established in the silhou-
ette.

The front and rear straps of the jig are bowed
slightly outward to leave working room for
the wax buildup of the arm section. Alignment
is often made with the amputee present so
that final appearance can be visualized, al-
though if the silhouette chart is carefully
made, this«is not necessary. Also, bholt the el-

boW unit with forearm attached. Poution the
elbow unit in accordance with manufacturer's
instructions 5o that 30 to 40 degrees of medial
and lateral rotation is provided. Obtain 1ypes
which have holes or removable plates for
beeswax escape during resin curing.

The alignment principles are:

1. Acromion-to-turntable dimension must
carrespond to the Dimension A (acromion 1o
epicondyles sound side), minus the turntable
to elbow axis distance for the clbow unit heing
applied (ususlly 1% in.).

2. In side view, with amputre standing in
normal posture, the elbow should hang with
a rlight arm flexion position.

3. In frontal view the elbow ahould hang
free from the side the same offset distance
which the normal elhow maintains. Be sure
the forearm swings clear of the hip. For hi-
laterals this clearance should he ahout 1 to
2 inches.

Buildup: Arm Section

Build up the arm section by heaping and
modeling the buildup wax to the dexired shape,
Special attention should be given 1o the axil-
lary region, which must have open space for
clothing. Depending upon the climate, allow.
ance must be made according to the weight
of clothing habitually worn. This clearance
(a in the illustration) will range from 1 to 2
inches. When fully formed, remove the arm
alignment jig and finish the forming and
smoothing. Fashion a wax dome over the turn-
table and sectional plate.

é1
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Layup: Arm Jection
Cut two pieces of 3-inch stockinet twice the

length of the arm section. Pull the first half-
way on and tie its center to the turntable '

flange. Stretch its inner layer over the sec-
tional plate and tie securely to the flange.

Turn the edge back and trim about 1 inch
-from the flange. Repeat with the other end

lapping back 14 inch. Stretching of the stock-
inet should insure that the axillary area is
not wrinkled or bunched.

Now the second piece is treated in the same
manner, with its inner end reflected and cut
cff 3 inch from the plate, but the outer end
is stretched tightly over the plate, gathered
and tied beyond the plate.

Laminatién; Arm Section

Trim and Assembly .

The laminate covering over the edge of the
plate of the arm section is now cut off flush
with the surface of the plate. This edge can be
finished by light sanding.

Drill three holes about 5/16 inch diameter
_ through the inner wall of the shoulder section

in line with the plate mounting bolts. Bolt
the plates, joining the arm and shoulder sec-
tions firmly. T .

Cut a 1Y-inch access hole through the
medial surface of the arm, about 2 inches
above the turntable. Bolt on the elbow and
forearm unit. Adjust turntable rotation for

forearm aligp

rotation. N, ahoyt 30° of medial arm

Trim and round the edges of the socket
skirt maintaining the coverage essentially as
planned for the various prostheses, but adjust-
ing for amputee comfort and fit. Additional
work on the reliefs may be required. Finally,
sand smooth all edges and reliefs and finish
with lacquer.

The prosthesis is now ready for harness and
control installation.
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FOREQUARTER PROSTHESIS

This prosthesis is characterized by a very
large buildout and skirt of the shoulder sec-
tion to restore the normal coatour of the
shoulder and give firm lodgment on the tho-
racic wall. Consequently, the shoulder section
presents a very large job, and special comment
is necessary on the casting, fitting, and fabri-
cation detail. Otherwise, the arm and forearm
sections will be identical with that for the
Shoulder Disarticulation, presented in the
foregoing section. As will be seen, the har-

ness and control systems will have
unique features,

The Mold or Wrap

The illustrations show wrap area (solid
lines) and final trim lines (dotted lines) for
the male Forequarter amputee. In general,

the wrap should cover an area greater than
final trim by about an inch. The wrap covers
the thorax area on the amputated side, from
neckline to the lower margin of the ribs. To
the rear the border extends diagonally up-
ward, reaching the midline, then laps over
the opposite shoulder with a hooked flap. The
neck border is about at the level of the
seventh cervical vertebra. -

To the front the wrap is brought to within
2 or 3 inches of the midline, as shown, The

hooked opposite shoulder flap reaches over
to about the clavicle level and comes within
3 or 4 inches of touching the opposite skirt.

The Forequarter socket for women is similar
in respect to all features except for the ante-
rior side, where a cutout is made for the
breast. A substantial lobe is provided helow
the breast for stabilization with a low chest
strap,.

Since the Forequarter fabrication procedure
is long and difficult, a labor-saving deviation
in procedure can be introduced by urting the
primary wrap as the check socket. Rehe{'s a.nd
revisions are made in it by cutting or huilding
up the inner surface after trial on the.am?u-
tee. The cast is prepared for the lamination
mold by coating with &8 parting agent.

The Model: Shoulder-Thorax Se‘ction
The mold is now suitably mounted with con-
cave sid> up. The neck hole is dammed with
a light layer of plaster bandage. Now slush
plaster in and hand spread it over the concave
surface to a depth of about one inch. After

hardening, strip off the wrap.

Fit the mold with a helding rod and stuff
its cavity with paper. Now apply plaster to
round out the mold, as shown. Finish by
scraping and sanding.
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Layup: Shoulder-Thorax Section
Prepare four extensive pieces of stockinet by
cutting open 6-inch stockinet. Draw each layer

tight and tack over the edge of the mold. Be
sure to remove all wrinkles and cover the en-
tire area indicated for the wrap.

Lamination: Shoulder-Thorax Section

Buildup, Second Layup, Second
Lamination: Shoulder-Thorax Section

The buildup operation is similar to the
Shoulder Disarticulation, including alignment,
sectional plate installation, and wax buildup
and dome.

Make first two layers of the layup with a
piece of 6- or 8-inch stockinet, pulled on hali-
way and tied to the sectional plate. Stretch
the lower layer proximally and trim it 14 inch
beyond the margin of the wax buildup. The
next layer is pulled over this and trimmed 3
inch proximally,

Now work with two flat sheets of stockinet
large enough to cover the mold area. Stretch
the first one tightly over the mold, tacking it
beyond the final trim edge. Tie around the
plate flange, then cut a hole in the plate area,

so that 14 inch of lap can be folded back over
the mold proximally.

Pull over and tack the final layer of stock-
inet as before. Gather and tie stockinet be-
yond the plate.

Fabrication of Arm Section

Follow the procedures for the Shoulder Dis-
articulation. Alignment, sizing, and fabrica-
tion steps are identical.

Trim and Assembly

Final trim is made along the lines shown in
previous illustrations, but also as determined
by final fit on the amputee. As in the case of
the SD, these final checks should be performed
with arm, elbow, and forearm sections assem-
bled, so that any problems of fit, concerned
with over-all weight distribution, can be cor-
rected. )

Assembly of the arm, elbow and forearm
components is carried out as described for the
SD case, and the prosthesis is ready for har-
ness and control system installation.

HUMERAL NECK PROSTHESIS

Of all Shoulder prostheses, the Humeral
Neck type is the most difficult to fabricate,
and demands the highest skill of the prosthe-
tist. The Humeral Neck amputee has an in-
tact shoulder girdle, and hence, the socket will
be confined to the immediate shoulder area.
Since the humeral head and joint capsule are
present, there is no room for sectional plates,
so the arm and shoulder sections are joined
in a single piece.

Fabrication of the Humeral Neck socket will
follow that of the Shoulder Disarticulation,
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_except for the steps dealing with installation

of shoulder plates.
First Layup

Follow the procedures for the Shoulder Dis-.

articulation. The projecting capsule of the
shoulder, will, of course, be encased in this
inner socket.

Lamination
Buildup of Arm and Shoulder

Remove the pressure sleeve from the inner
wall laminate and fasten on the arm alignment
jig. The silhouette chart and arm measure-
ments are used to determine this alignment,
which is just the same as for the SD buildup.

The difference is that the alignment jig
straps are fastened directly to the inner wall
laminate. As before, the lateral strap should
be bent to form the desired arm contour. Ad-
just the alignment jig plate to hang to the
length of acromion to epicondyle on the sound
side (Dimension A) minus the distance from
elbow axis to turntable, which is usually 1%
inches.

and up over the distal portion of the shoulder
piece. Actually, the buildup procedure here

combines the shoulder section and arm section
buildups described for the SD sectfonal socket.
Remove the jig, finish, and polish. Rough up
the remaining proximal skirt of the laminate
piece.

Second Layup

Prepare one piece of 3-inch stockinet twice
the length of turntable to acromion.

Prepare another piece of 6-inch stockinet
twice the length from turntable to proximal
edge of laminate. Lay out pattern and cut the
6-inch stockinet as shown. Dimension b is the
length from turntable to axilla. Stitch seam3
as shown by dotted lines, and cut the tube
open along the borders. Pull on the 3-inch
stockinet and tie the center at the turntable.
Trim it so the edge is about 14 inch proximal
totha bees wax border. Pull over the other half
and trim about 3 inch proximal to the first.

The patterned stockinet will now be suit-
able for the outer two layers when pulled on
and tied at the center. Pull on the first layer,
working the bend into the axilla, Tie at the
turntable and fold the second layer over the
layup. Stretch tightly back over arm and
shoulder sections.

Pull the proximal ends over the socket,
gather and tie in one or two ties, whichever
is necessary to remove wrinkles from the
layup.
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Lamination

Warning should be given that this step in the

Humeral Neck prosthesis fabrication is very
difficult, and should be thoroughly studied be-
fore attempting. The pressure sleeve must be
prepared in a complicated pattern for close

fit with no leaks. Resin impregnation must be

carried out swiftly and skillfully because of
the large area to be filled and *“‘strung” out
within the curing time allotted.

Trim and Finish

As in the SD, the socket, elbow, and fore-
arm should be assembled for final fitting. This
requires that the access hole be cut on the
medial surface of the arm (see SD procedure).
A properly fitted Humeral Neck socket should
give some mobility to arm and elbow. This
is achieved by confining the posterior skirt to
the scapular area, minimizing the side wall
and chest bearing areas. Considerable judg-
ment must be used to preserve a compromise
with stability while achieving this mobility.
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Harness and Control Systems

One of the most important factors in the
proper functioning of a prosthesis is the cor-
rect application and adjustment of the har-
ness and control system. This is because each
harness, although patterned after one of sever-
al basic designs, must be adapted to the am-
putee’s physical characteristics, No two am-
putees are exactly alike, so it is necessary to
custom fit the harness for each individual.

The successful use of the prosthesis by the
amputee is governed by the effectiveness of
the harness in capturing substitute motions,
and by the skill and judgment of the pros.
thetist in fitting the harness.

In this chapter the basic principles of har-
ness application and judgment are presented.
with suggestions for materials and patterns
that have been found useful, and detailed fab-
rication procedures for several of the more
commonly used harness designs.

GENERAL PRINCIPLES

Basic Functions of Harness and
Control Systems

1. The harness must suspend the prosthesis
securely from the shoulders so the socket is
held firmly on the stump. In fulfilling this
function it should:

a. Distribute the load as much as possible.

b. Be well suited to the body build of the

amputee.

c. Be stable in all normal positions of use.

2. The harness must utilize body motions
as sources of power, and then transmit this
power to the prosthesis. In fulfilling this func-
tion it should:

a. Transmit power with minimum interfer-

ence caused by movementa of parts of
the prorthesis.

i, Harmness power sources capable of inde.

pendent voluntary movement.

c. BRe operahle by relstively inconsypicunus

hody mationa.

3. The harness must be easy for the ampu.
tee to put on and take off, must he comfort-
able to wear, and munt he strong and durahle,
Because it must be easy to lsunder, Jeather
parts should be reduced to a8 minimum. Twao
harnesses for each prosthexix are demirahle.

Effect of Amputee Build

Amputees vary in physique 1n the xame way
as does the population in general The same
is true of weight, atrength, and nther physical
characteristice. Because of thrse vanations, it
hax heen found impractical to attempt to
make prosthetic harnesses by any other than
custom-fitting methods. If millions of har-
nesses were needed by that many amputes,
they cotld be maas produced and sized in the
same way as suits, dressex, and shoer. Since
the amputee population in % smali, auch sn
approach is not economically sound. threefore,
the prosthetist must adapt the hasic harnesa
patterns to the physique of each individual
amputee. The variation that moxt aflecia har-
ness fitting s the width-depth ratio in the
shoulders and chest of the subject. The varia-
tions in this factor may best he illustrated hy
the description of the two extremws in Figure
IX-1.

Most amputee builds will fall between the
two extremes illustrated, and the skill and
judgment of the prosthetist must be exercised
to modify basic harness patterns to achieve
maximum function.
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Type. Shoulders brood ond well muscled, deep chest.

Marnesting indications: All types of harness easy fo
i.t. AE triple control feosible. Bosic Shoulder harness
satisfoctory.

Type: Narrow shoulders, poor musculature, rounded
chest, fat.

Harnessing indications: Only the basic harness pottern
witl usvally work, Special modifications often neces-
sary in Shoulder cases.

FIGURE IX-1. Effect of Amputee Build on Harnessing

CONTROL SYSTEM PRINCIPLES

Elements of Typical Control System

The hasic sources of power for prosthesis op-
eration are located away from the prosthesis
and at various points on the amputee’s body.
thus making it necessary to provide some
means for transmitting this power from source
to point of use, The control system provides
this means.

The typical control system consists of a
cable with appropriate terminal fittings and a
flexible tube, or housing, inside which the
cable slides. The terminal fittings are used to
attach one end of the cable to a harnessed
hody control point, and the other end to the
point of operation or control of the prosthesis.
The housing through which the cable slides
acts as a guide or channel for the transmis-
sion of force by the cable. The housing is pro-
vided with retainers that fasten it to the pros-
thesis, and which serve as reaction points in
the transmission of force hy the cable.

Magnitude ‘of Forces Transmitted

The average amputee has sources of force
and excursion of fairly high magnitude,

The forces and displacements required to
operate a typical prosthesis are approximately
as stated in this table:

Operation Force Displacement
Forearm flexion (no 9 lbs. 2 inches
load on hook)

Prehension. voluntarv-  9to 35 1.5 inches

closing hook Ibs.

Prehension, voluntary- 10 to 20 1.5 inches

opening hook 1bs.

Elbow lock 2to 4 0.6 inches
Ibs.

From the data it may seem the amputee ha«
ample force and excursion to handle any pros-
thetic operation, and that the efficiency of the
control system is not a critical factor. This is
not the case, as fatigue is greatly increased
when the amputee has to exert his maximum
effort to operate the prosthesis. The control
system must transmit power as efficiently as
possible to enable the amputee to obtain a
maximum of prosthetic function with a mini-
mum expenditure of energy.

CONTROL CABLE SYSTEMS

Older Types of Control Systems

In past years, control systems were devised
using catgut, thongs, and various kinds of
cord as a means of transmitting force to oper-
ate the prosthesis. The usual method was to
thread the cord through guide loops of leather
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or metal. Frictional losses were very great, re-
quiring the amputee to expend an excessive
amount of energy to operate his prosthesis.
This was found to be an important factor in
amputees’ refusal to wear a prosthesis. Older
type control systems transmitted force with
an efficiency as low as 10 or 15 percent; the
average was about 25 percent. The control
systems described in the following section are
required to operate with 70 percent or greater
efliciency.

Housing Fair-Lead

The housing fair-lead control cable system
consists of a cable held in place and guided by
separate lengths of housing. The pieces of
housing are fastened with retainers at points
where the cable must be supported or operated
through an angle.

This control cable set-up is used in the AE
dual control system, a typical example of
which is illustrated in Figure 1X-2.

LEVER LOOP

FIGURE IX-2. Fair-lead Control System

When force is transmitted through the
housing fair-lead type control cable, side forces
are exerted on the fair-leads where the cable
bends through an angle.

The fact that these forces are exerted where
the cable operates through an angle is used to
advantage in the AE dual control system. The
forearm is adjusted in 10 degrees of initial
flexion (so that its maximum extension is 10
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degrees short of full extension). With the ¢l-
bow unlocked, this shight angle through which
the control cable operates caumes & lorce ta he
exerted on the lever loop when the arm s
flexed. which in turn flexes the forearm.
The maximum force obtained would not
be enough to enable the szputee to
handle many objects on the bastis of
"live-1l{ft." In most cases the sa-
putee flexes the forearm to the po-
sition desired, locks the elbow, then
grasps the object to be lifted,

In addition to the AE dual control system,
the housing fsir-lesd control cable may be
used for elbow lock contmls on AE and
shoulder prostheses,

The Bowden Control

The Bowden control consists of a continy.
ous length of stainlesa steel flexibde houmng,
with & retainer at each end, thrmugh which
the control cable slides. The retainers on the
housing fasten it (0 the prosthesis and wrve
as reaction points when force ix apphed to
the cable. The Bowden cable control can be
shaped to follow a strsight or curved path
without intermediste retainers, snd can be
moved through various angles and curves
while heing operated. without these move.
ments aflecting the oversl] length relationship
hetween the operating ends of the cahle, A
typical Bowden cable control is shown in Fig-
ure 1X-3 with a BE single control syatem,

The Bowden cable is also used an the AF
Triple Control.
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FIGURE IX-3. Bowden Control Cable
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Figure IX-4 illustrates the most commonly
used assemblies employing the housing fair-
lead and Bowden cable principles.

BELOW-ELBOW HARNESSING

Control Motions

In a Below-Elbow amputation the functinns
of the hand and wrist are absent, but those of
the elbow, arm and shoulder remain. The Be-
low-Elbow prosthesis provides substitutes for
the functions of hand prehension, wrist rota-
tion, and flexion. The harness for the pros-
thesis, however, is required to transmit power
for one purpose only: to operate the terminal
device which serves as a substitute for nor-
mal hand prehension.

|
XE &

Arm flexion is the major source of power
used by the Below-Elbow amputee to operate
the terminal device. The flexion of the arm
gives relative displacement between the proxi-
mal retainer on the cuff and the attachment
strap of the harness. Depression of the shoul-
der on the amputated side is often added to
humeral flexion, either to refine control of the
terminal device, or to increase cable excursion
without moving the terminal device from the
selected sphere of activity. Scapular abduction
on the amputation side may occasionally be
used for the same purpose, Occasionally an
amputee will be seen who uses scapular ab-
duction on the sound side to add a small but

perhaps important increment to the sum of
the other control motions.

INSTALLATION OF BE SINGLE
CONTROL SYSTEM

The BE single control system consists of a
Bowden cable control attached by a hase
plate and retainer to the distal end of the
socket and by a housing crosshar assembly
to the triceps pad or cufl, whichever is used.

The control system is attached to and is a

part of the prosthesis, but it is fitted while the
prosthesis is on the amputee, and its installa-
tion is usually followed immediately by fitting
of the harness; therefore installing it will be
considered as part of the work of harnessing.
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The procedure involves retainer placement,
housing installation, and cable assembly, as
follows:

Retainer Placement

1. Mount the distal retainer base plate on
the forearm with sheet metal screws. The plate
may be placed as far as the proximal third of
the forearm, to minimize angulation between
retainer and hook or hand mounting. This
will also give adequate clearance for hand or
hook connection*;
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Because of the ohlique path across the fore-
arm, placement must take account of the
terminal device, thickness of forearm, ete.
Placement with respect to the aspect of the
forearm depends upon the type of terminal
device: For VO hooks, it is put just lateral to

l!‘l’.‘ mED,

V¥ rnoxs
the top. For the VC hook it is located just
lateral to the bottom. For the APRL hand it
is put on the lateral-ulnar aspect. The illustra-
tions show that these locations will place the
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retainer relative to the midpoint of 180 of ro-
tation adjustment of the wrist unit.

Note that two retainer plates should be pro-
vided when a VC hand is to be used inter-
changeably with a VO hook.

2. Temporarily mount the crosshar assem-
bly by clamping it in the center of the cuff
or triceps pad.

@.

Housing Installation

1. With the prosthesis on the stump. fore-
arm flexed to 90°, measure the housing length
between retainers and make allowances for
the ends as follows: proximal end (A), about
15 inch; distal end (B), long enough to pre-
vent the cable from rubbing on the socket in

b

y

A
1

3

A
=== O

any position of the terminal device, but not
to interfere with the operating stroke of the
device.

2. Screw on retainers and mount in the
base plates. Adjust length so that the housing
will be neither stretched nor unduly slack
at any forearm position.
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3. File or grind the housing ends
to remove projecting end of cut wire,

RIGHT

Cable Assembly

1. With the prosthesis on the stump, and
housing affixed, snap the ball terminal of the
cable in the terminal device slot, and thread
the cable through the housing.

2. Take up slack in the cable through the
housing and mark it for hanger installation
about 1Y inch proximal to end of the housing.

Note that this measurement 1s taken with
terminal device in place, and closed if VO;
open if VC. Also, the tenm.nal devn_ce should
be at the midpoint of its wrist rotation range.

Check to make sure the mark allows
enough clearance between the housing
and the hanger during operation and
rotation of the terminal device. Slip
the adjustable hanger onto the cable
and lock it i{n place at the marked
location,

Hook-to-Cable Adapter

For interchangeability between the APRL
hand and various hooks, a cahle length
adapter must be used. The hand is provided
with a 5-inch cable and a small female cou-
pling. A control cable, sized for hand coupling,

will therefore need the hook-to-cable adapter
to reach the hook. The distal fitting is a large
terminal ball suitable for hook connection.
The adapter may either be fabricated or pur-
chased as a unit,
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UNILATERAL BELOW-ELBOW
FIGURE 8 HARNESS

This harness consists of a webbing strap
which has a Figure 8 pattern with an open
end. It begins with an inverted Y suspensor
and ends in the control attachment point.

Thus, it serves to suspend the prosthesis and
to provide the reaction point for control opera-
tion of the prosthesis.

Fabrication Procedure
Inverted Y Suspensor

1. Place the socket and cufl (or triceps
pad) assembly on the amputee’s stump, and
direct him to stand with his stump and pros-
thesis hanging in a relaxed position. A well-
fitted socket will stay on the stump without
support, but it may be necessary to tape or tie

AXILL A
Laow

INVERTED ¥
SUSPENSOR

the triceps pad to the arm to keep it from
falling out of position.

2. Prepare two 8-inch pieces of 14-inch web-
hing with ends lapped back one inch.

Similarly lap back the end of the one-inch wehbing,

3. Lay the lapped back ends together to
join the 3 pieces, and sew a box and cross pat-
tern of stitches through each !4-inch webbing
joint,

4. Spread the webbing suspensors into a Y
pattern.
CONTRIL

ATTACHMENT
STRaw

FIGURE IX-5. BE Figure 8 Horness
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5. With Yates clamps attach the ends of
the suspensors to the upper corners of arm cuff
or triceps pad. Adjust so that tension on cuff

\

Ar

maintains alignment when the main webbing
is aligned through the deltopectoral interval.

Webbing Layup

1. Cut a piece of vinyl plastic
tubing so it will extend under the
axilla from front to back, plus four
inches, and thread it onto the l-inch
webbing to serve as a pad under the
axilla.

2, Lay the l-inch webbing along the
deltopectoral line, up over the shoul-
der, and diagonally down across the
back to the axilla on the sound side.

3. Position the vinyl plastic tubing on the
webbing so it will protrude about two inches
front and back, then bring the webbing up
along the deltopectoral interval on the sound
side and up over the shoulder.

4. Bring the webbing diagonally down
across the amputee’s back and thread it into
the hanger so the loose end is away from the
amputee’s body, and fasten it with a clamp.

bk Al tho wabhbima utth am Q tarnh aveoos Fawe

adjustment. This end hecomes the control at-
tachment strap. Be sure neither cable nor web-
bing is twisted or kinked. Check to make sure
all straps lie snugly and are comfortably taut.
5. Check to see that the point where the
harness straps cross on the amputee’s back is
2 to 3 inches helow the seventh cervical verte-
hra. The cross should be slightly to the sound
side of the spinal column. so that after the
harness has “set™ to the wearer and stretched
under load, the cross will not move to the am-
putation side of the spine. The contm'l attac:h-
ment strap, which runs from the Cror-:sm;'{.pm:;
to the control cable hanger, should pass ov

the scapula at approximate . R
level. Clamp the crossing pomtf- ¢ and func-
6. Check the harness for COm 2%

apioUs COT-
) form various
tion. Have the amputee P€T" <. If he com”

. . . posit1on : t.
trol motions in many iction 0 n\emenct
plains of tightness of T ary to cOrTer
readjust the straps #° most ses 870

, tin _
the trouble. Point out tvh?t is whroken
harness feels tight unt!
use.

. the
Harness Complehof‘ o5 from
1. Remove the haﬂ; ;
e : : amt
without disturhing € oas St
cross with box an




2. Fashion a buckle mount on the control
attachment strap.

3. Sew or rivet buckle mounts to the arm
cuff or triceps pad at positions which maintain
the alignment established in the layup.

4. Rivet the metal mounting plate and the
housing crossbar assembly to the cuff in the
proper position.

5. Heat seal the cut webbing ends with a
hot iron or flame; avoid charring.

6. Put the hamess back on the amputee
and adjust buckle fastenings at the cuff and
control hanger so that harness fits snugly and
with comfort.

Go through the complete checkout pro-
cedure to evaluate the prosthesis; correct any
deficiencies revealed by the checkout.

UNILATERAL BE CHEST STRAP HARNESS

The unilateral Below-Elbow chest strap
harness differs from the BE Figure 8 in two
respects: its use of a shoulder saddle instead
of a front support strap to bear the bulk of
axial Joad; and its use of a strap across the
chest, under the axilla, and across the back,
instead of an axilla loop, as a means of pro.
viding some measure of stability.

It may be misleading to refer to this harness
as a “heavy duty” type, as it is doubtful that
its parts are any stronger than those used in
the Figure 8 harness. The real difference lies
in the fact that the wearer can probahly carry
heavier loads without suffering discomfort
caused by excessive concentrations of pressure.
The shoulder saddle distributes pressures over
a wider area of the body than does the front
support strap; the chest strap distnbutes pres-
sures over a wider area than does the axila

loop.

COMMON FAULTS IN HARNESSING AND THEIR CAUSES

Fault
Harness pinches sound axilla.

Harness comfortable but does not give suffi-
cient force or excursion.

Inverted Y suspensor cuts into the shoulder.

Inverted Y suspensor tends to slip backward
off the shoulder.

Cavse
Crossing point of the Fig. 8 too far to sound
side.
Crossing point of the Fig. 8 too far to the
amputation side.
Either the two straps of the inverted Y are
too tight, or the crossing point of the Fig. 8 is
too high on the back.
Attachments to the cufl are located slightly
too laterally.
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FIGURE 1X-6. BE Chest Strap Harness with Leather Shoulder Saddle

However, many women dislike the chest
strap harness. although in shoulder cases it
often cannot be avoided.

Fabrication Procedure

1. Fabricate the shoulder saddie of 6 or 8
ounce strap leather, lined with horsehide. The
one-fourth scale pattern is illustrated below.
As an alternative, a webbing shoulder saddle
may be fabricated according to the design in
Figure IX-12 for the AE chest strap harness.

2. Cut the chest strap from 1% inch web-
bing. Determine the length by placing the
shoulder saddle on the amputee’s shoulder and
measuring from the anterior-medial corner
or the saddle across the chest, under the axilla,
and across the back to the posterior-medial
corner of the saddle. Place a truss buckle, that
can bhe easily connected by the use of the
sound hand. on the anterior portion of the
chest strap. For increased comfort. pad the

strap where it passes under the axilla. using a
piece of 1-inch wehbing folded over the proxi-
mal edge and stitched.

3. Place the shoulder saddle on the ampu-
tee. clamp the chest strap to it. and adjust it
for comfort and stahility. Attach D-rings to
the lateral and medial aspects of the upper
portion of the cuff, at mid-humerus level.

4. Attach the medial suspensors to huckles
placed on the anterior portion of the saddle
and sew or rivet them to the posterior portion.
Use %-inch webbing or leather for the sus-
pensors. .

5. Attach a piece of 1-inch webbing to the
chest strap slightly to the sound side of the
spinal column, but not beyond the border of
the scapula. This is the control attachment
strap. Align it with the control cable. and
fasten it to the hanger.

6. Apply axial load to the prosthesis and
ohserve movement of the shoulder saddle. If
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it buckles above the acromion, the lateral sus-
pensor attachment points. should be moved
higher on the saddle. If it buckles medially,
the attachment points of the medial suspensor
should be moved down on the saddle. As the
amputee goes through a variety of motions
with his prosthesis, observe the saddle, and
continue adjusting until it is stable,

7. When all adjustments for function and
comfort have been completed, remove the
harness and assemble all parts with permanent
attachments. Have the amputee don the fin-
ished prosthesis; evaluate it by applying the
checkout procedures. Correct any deficiencies
revealed by the checkout.

BILATERAL BELOW-ELBOW HARNESS

The bilateral Below-Elbow harness is some-
times described as two Below-Elbow Figure 8
harnesses combined, but with the modification
that the axilla loops are replaced by attach-
ments to the opposite prosthesis. The single
control systems used on each arm are each
identical with that used on the unilateral pros-
thesis.

The bilateral Below-Elbow harness provides
reaction points by bringing the strap from the
inverted Y suspensor of one prosthesis over
the amputee’s shoulder, across and down the
back to the control cable of the other pros-

FIGURE iX-J:. Typical Bilater

thesis. The two straps cross slightly below the
seventh cervical vertebra. In some cases it may
be necessary to insert a cross-back strap be-
tween the two control attachment straps. This
strap helps prevent the harness from riding
up on the amputee’s back, a difficulty that
may occur, particularly when the amputee
ra.ses one or both of his prostheses to the level
of his head.

The inverted Y suspensor used with the Be-
low-Elbow Figure 8 harness was described in
an earlier section as heing made with webbing,
although leather may be used with equal effec-
tiveness, and is 50 used by many prosthetists.
The advantage of the webbing is the ease with
which it can be laundered. When used with a
bilateral Below-Elbow harness, the webbing
suspensors have the disadvantage of not hold-
ing their shape, thus making it difficult for
the amputee to don the harness and prosthe-
ses. The use of leather for the inverted Y
suspensors is recommended where this diffi-
culty is encountered.

The procedure for making and fitting the
straps and suspensors and assembling the har-
ness can readily be conceived by any pros-
thetist who has successfully made the unilat-
eral BE Figure 8 hamess.

OPTIONAL

ol Below-Elbow Horness
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ABOVE-ELBOW HARNESSING

Control Motions

In an Above-Elbow amputation the func-
tions of the hand, wrist, and elbow are absent,
but those of the shoulder and arm stump re-
main. The Above-Elbow prosthesis must pro-
vide substitutes for these missing functions,
and to accomplish this, the Above-Elbow har-
ness must transmit power to flex the prosthetic
forearm, to lock and unlock the elbow unit,
and to operate the terminal device.

The Above-Elbow amputee uses the follow-
ing sources of power to control his prosthesis:
arm flexion, arm extension, scapular abduc-
tion, and to some extent. shoulder depression
and arm abduction.

When the AE dual control system is used.
the control cable is of the fair-lead type. and
is so arranged that arm flexion can be used to
control two functions: forearm flexion and
terminal device operation. When the forearm
is extended and the elhow unlocked. flexing
the arm transmits force to the lever loop, flex-
ing the forearm. The force is also transmitted
to the terminal device operating lever. but
the latter does not function. since the amount
of force required to operate the terminal de-
vice is greater than that needed to flex the
forearm.

When the amputee flexes the forearm to the
tevel at which he wants to use the terminal
device, he locks the elbow by simultaneously
extending and elevating the arm so that it
moves obliquely to the side. The point of the
shoulder must be stabilized or perhaps moved
forward slightly. and the trapezius muscle is
hulged hy downward rotation of the scapula.
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This small but complex movement increases
the distance between the elbow locking lever
and the point at which its cable is anchored at
the superior end of the deltopectoral interval.
The relative motion thus produced between
the locking lever and its control cable anchor
point trips the lock. This elbow lock control
movement is scarcely perceptible when per-
formed by a well-trained amputee. However,
it is probably the most difficult control for
most AE amputees to master.

Full scapular abduction is used by the am-
putee equipped with the dual control system
to obtain the additional excursion required
when operating the terminal device in the
vicinity of the mouth.

Scapular abduction is used by the AE am-
putee, equipped with triple control system, to
operate the terminal device through a Bowden
cable control. Arm flexion is used only to fiex
the forearm. Each function is separately har-
nessed, and considerable skill is required to

ELEYV

manage the operations independently. The
separation is accomplished by splitting the
harness in back, attaching the cable to one
side of it, and the cable housing to the other.
When the amputee abducts his scapulae, the
two halves of the harness are pulled apart
at the break, thus pulling on the cable and
operating the terminal device.

INSTALLATION OF AE DUAL
CONTROL SYSTEM

The dual control system cannot employ the
Bowden control principle of transmitting force
to operate the terminal device. Since the sys-
tem must also provide force for forearm flex-
ion, two fair-leads are necessary: the proximal

with its retainer, through which the cable
slides when the forearm is flexed, and the
distal with its lever loop, through which the
cable slides when the terminal device is op-
erated. Figure IX-9 shows the components
of the control system.

lever Loop and Fair-lead

1. Cut the distal fair-lead housing so 1t is
about two-thirds the length of the forearm
shell or short enough to permit proper ter-
minal device operation if a hook-to-cable
adapter (see BE Cable Assembly) is used. File
the cut ends of the housing smooth. Install

V 0’ r”_ IH| o\'t (‘.T

1C. 22

CPiw
+OLE
N

the nylon liner, and if desired, apply a piece
of plastic tubing to the outside of the housing.

2. Fashion the lever loop of leather in the
form of a B4-inch strap,. folded together and
punched for a rivet and 10-32 screw.

R

3. Insert the fair-lead into the lever loop so
that it extends about 13 to 1 inch proximal
to the lever loop. Rivet the loop close to the
fair-lead to grip the latter tightly.

4. Drill and tap a hole in the forearm sec-
tion for a 10-32 screw. The hole should be lo-
cated in the axis of the forearm 11} inches
from the elbow center. Install the lever loop
with a 10-32 screw and washer. In the case
of an amputee with a short stump, it may be
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necessary to make the loop ! to 1 inch
shorter to enable him to flex the forearm fully.

Fabrication Procedure for Above-
Elbow Figure-8 Harness

1. Prepare a 72-in. length of I1-in,
dacron webbing, a l4-in. length of
%-in. dacron webbing for the elbow-
lock control strap, and a 10-in.
length of l-in, elastic strap for
the elastic suspensor,

2, Stitch the elastic strap to one
end of the 1-in. dacron webbing with
an overlap of about 1 in. On the
overlap, install a %-in. buckle and
attach the %-in. webbing.

AE Dual Control

Slip a 12-in. piece of plastic tub-
ing over the l-in dacron webbing for
protection of the axilla area.

3. Wwith the prosthesis on the pa-
tient, position the turntable so
that elbow flexion brings the termi-
nal device towards the mouth. Re-
move the prosthesis and draw a ver-
tical line on the anterior aspect of
the socket directly above the point
at which the control cable exits
from the elbow. Rivet or screw a
buckle for the elastic suspensor to
the socket on the vertical line
about l-in. above the turntable.
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4. As guides to location of base
plates, draw two additional vertical
reference lines. The first is along
the lateral aspect of the socket
through the center of the elbow axis
and the second is along the midline
of the posterior aspect of the sock-
et.

5. With the arm on the patient,

thread the elastic suspensor through
the buckle just above the turntable
so that the %-in., buckle for the el-

FRONT SUPPCRT
STRAP

AXILLA

ELASTIC
SUSPENSOR

bow-lock control strap lies just in-
ferior to the clavicle in the delto-
pectoral groove, Continue the da-
cron webbing over the shoulder and
across the back to the opposite ax-
illa, Slide the plastic tubing in-
to position to protect the axilla
and continue layup of the harness,
going anteriorly under the axilla,
superiorly through the deltopectoral
groove, over the shoulder and across
the back to the prosthesis., Make
sure the webbing crosses the distal
third of the scapula on the amputa-
ted side and clamp it to the socket,

LATERAL
SUSFENSOR

CONTROL
ATTACHMENT
ST AP
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CROSS

STRAP
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FIGURE 1X-10. AE Figure 8 Harness
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6. Determine the location of the
lateral support strap by palpating
the acromion on the amputated side
and, on the sound side, the soft
tissue (primarily trapezius muscu-
lature) which lies between the clav-
icle and the scapular spine, Place
a length of webbing across the
shoulders, snugly against the flesh,
and clamp one end to the axilla loop
where it crosses the soft tissue
(trapezius) on the sound side, Ex-
tend the webbing directly over and

8. Though a single base plate and
retainer can be used to attach the
housing to the socket, it is gener-
ally easier to use two retainers
which provide direct control of the
cable in relation to elbow center
and of the control attachment strap
in relation to the scapula.

With the elbow extended, pull the
cable on a straight line proximally
from the forearm lift loop, keeping
it approximately 1-in, anterior to
the elbow axis. Mark the intersec-
tion of the cable with the previous-
ly drawn lateral reference line.
This is the initial location of the
distal retainer. At this point tem-
porarily mount a base plate, retain-
er, and short length of housing (a-
bout 4 in.). Pull the cable to
check that the forearm flexes
smoothly,

To find the initial location of the
proximal retainer, extend the con-
trol attachment strap in a straight

about 3-in, past the acromion on the line and mark the point at which it

intersects the previously drawn pos-
terior reference line. At this

point temporarily mount a base plate
and connect the retainer and housing.

In most cases these retainer loca-

tions will result in excellent cable

function. Occasionally, however,

slight adjustments may have to be

r made to alleviate sharp bends in the
cable. All such curves should be as
smooth and gradual as possible, thus
reducing friction.

When satisfactory locations are de-

amputated. side. Clamp the webbing

to the front support strap at a lo-
cation which will keep the anterior
edge of the lateral suspensor against
the clavicle as it passes over the
acromion.

7. Clamp a 1-in, buckle mount to the
socket near the proximal edge, %-in.
anterior to the acromion, and attach
the lateral suspensor to it.
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termined, secure the base plates to
the socket, cut the cable to proper
length, and attach a hanger. Keep
in mind that cable length must be
sufficient so as not to interfere
with full extension of the elbow mnor
full rotation of the terminal de-
vice.

9. Review the harness carefully and
read just as necessary:



a) Check the socket suspension so
that it fits sougly on the stump and
is held comfortably but firmly up
into the axilla. Buckle adjustments
of the lateral suspensor and elastic
suspensor are made here,

b) The back crossing point should
lie just 1-2 in. below the seventh
cervical vertebra.

¢) The juncture of webbing and elas-
tic suspensor should be over the
deltopectoral interval.

d) The lateral suspensor crosses the
upper back and passes just anterior
to the point of the shoulder to its
buckle mount.

When satisfactory the harness should
be sewn.

10. Apply the cross-back strap, if
it is to be used. This elastic or
webbing strap is an optional fea-

ture, but may be used to overcome

the following conditions:

a) uneven distribution of forces on
axilla loop, particularly the tend-
ency of the loop to cut vertically
into the axilla., The cross-back
strap offsets some of this vertical
force.

b) Inability of amputee to achieve
full forearm flexion and terminal-
device operation which can usually
be alleviated with an elastic cross-
back strap.

=335.

¢) Tendency of the harness to slfde
up on the amputee’s back s0 thst the
crossing point {s above the seventh
cervical vertebra. Thins usually re-
quires & nonelastic crose-baeck straep,

The cross-back strep {s horizontal
slightly asbove the {nferlor anglens
of the scapulse, snd is clasped to
both straps of the Figure-8 vhere {t
crosses then,

11, When all connections have been
made, have the amputee put on the
prosthesis snd harness. Make {inal
adjustments, after vhich the pros-
thesis should be evaluated by means
of the checkout procedure.

UNILATERAL ABOVE-ELBOW
CHEST STRAP HARNESS

The Above-Elbow Figure 8 harnews s the
harness of choice for the Above.Elbow am.
p-ulec. and in most cases functions with offi.
ciency and mfm. Otnmmally. however .an
nmputge'n 1ob requirements gre such lhl{ he
must lft heavy axial loads, While the. part,
of the Above Elhow Figure B haﬂﬁ- s!::rl;
always be strong enough to Lt gny load :'h‘e

! . 2 handle, the de.
:::;!: of the hlm_mn 1 such that painfut p::u

concentrations on Certain parts of the.
o Y may ocoyr under
:unm~11nrAhowaEﬂhuw:ﬁmu



distributes heavy loads over a greater area
of the body, thus avoiding these painful con-
centrations of pressure. For amputees who
must lift such heavy loads, the chest strap
harness is a useful design, but in actual prac-
tice it is found that comparatively few am-
putees are required to do heavy work, there-
fore this type harness is used much less than
the Figure 8. Its greatest disadvantages are
difficulty in applying and removing, and a
tendency to rotate about the chest because
of lack of a stable anchoring point. In addi-
tion, many amputees, particularly women,
cannot tolerate the chest strap.

In general, the use of the chest strap har-
ness is confined to those amputees who must
lift heavy axial loads, or who cannot tolerate
the axilla loop, even with a pad, or who have
habitually worn the chest strap harness and
do not wish to change.

The control motions used to operate the
Above-Elbow chest strap harness are identical
to those for the Above-Elbow Figure 8 pat-
tern.

There are two types of Above-Elbow chest
strap harnesses: the type using the leather
shoulder saddle, and that using a webbhing
shoulder saddle.

The AE chest strap harness using the
leather shoulder saddle is shown in Figure
IX-11. The shoulder saddle is identical in de-
sign to that used in the BE chest strap har-
ness, as is the chest strap. It will be noted
that one lateral suspensor loop is used, con-
nected to the socket by a D-ring, through
which it is free to slide. The control attach-
ment strap is usually connected to the lateral
corner of the posterior portion of the shoulder
saddle. This strap, the anterior elastic suspen-
sor strap, and the lateral suspensor serve to
stabilize the socket on the stump.

The Above-Elbow chest strap harness, web-
hing shoulder saddle, is shown in Figure
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IX-12. In this design, an improvement in re-
sistance to socket rotation and a wider dis-
tribution of loads is achieved by using two
lateral suspensors instead of one. The stabil-
izing effect is furthered by the use of a Y-type
construction to attach the control attachment
strap and the elastic suspensor strap to the
chest strap.

As to strength, there is probably little to -
choose between the two types of chest strap
harness. The webbing shoulder saddle harness
has the advantage of being easy to launder,
and so should be recommended for the am-
putee who perspires freely.
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FIGURE IX-11. Above-Elbow Chest Strap Harness
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FIGURE IX-13. Above-Elbow Triple Control Harness
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UNILATERAL ABOVE-ELBOW
TRIPLE CONTROL SYSTEM

In the sections on control motions and con-
trol cable systems, it was pointed out that the
Bowden cable could be used to transmit the
force of scapular abduction by splitting the
AE chest strap harness in the back and
mounting the cable so that the housing is
anchored to one side of the harness (reaction
point A), and the cable to the other. When
scapular abduction is used to separate the two
parts of the harness at the split, the cable is
pulled through the housing, and this control
force can be used to operate the terminal de-
vice.

A typical triple control harness is shown in
Figure IX-13. Note that the Bowden cable
proximal retainer is mounted at point A on the
harness to serve as a reaction point. The triple
control system thus uses three control ele-
ments: scapular ahduction to operate the ter-
minal device; arm flexion to flex the forearm:
and arm extension to lock and unlock the el-
how unit. One can see that the Bowden cahle

k',
hEN

prehension control is similar to the BE single
control; the forearm flexion control is similar
to the AE dual control in respect to the proxi-
mal retainer and fair-lead. However, instead
of the lever loop, this cable is attached to a
special lever, mounted on the forearm as
shown. .

The triple control harness can be operated

palLl 7O TAKE
RIVET SIIE
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successfully only by an amputee with wide,
mobile shoulders; it requires three separate
cable systems; and many amputees find it dif-
ficult to achieve proper separation of the con-
trols in operating the harness svstem.

BILATERAL ABOVE-ELBOW
FIGURE 8 HARNESS

The Figure 8 harness for the bhilateral am-
putee is shown in Figure 1X-14. Study of this
harness pattern will quickly demonstrate that
the principles of the unilateral AE Figure 8
harness are applied to the bilateral AE am-
putee in the same way the unilateral BE Fig-
ure 8 harness is applied to the hilateral BE
amputee. The control attachment strap for
one prosthesis is brought over the opposite
shoulder and down anteriorly to the elastic
suspensor, which in turn is attached to the
socket. The same is done for the other pros-
thesis. The lateral suspensor is attached to the
upper lateral aspect of one socket, carried
across the back, and attached to the upper
lateral aspect of the other socket. The cross-
back strap, two over-the-shoulder straps, and
the two elbow lock billets are applied. and
the harness is complete.

As with the bilateral BE harness, the chief
problem with this harness pattern is the diffi-
culty many amputees experience in achieving
proper separation of controls.
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FIGURE 1X-14. Bilateral Above-Elbow Figure 8 Harness

HARNESS MODIFICATIONS FOR THE
SHORT AE

When the AE stump length is 30 to 50
percent of acromion-to-epicondyle length, the
arm flexion control cannot be applied in the
standard manner, because the humeral lever
is too short. The key point is the location of
the proximal retainer of the dual control sys-
tem. It is typically placed at the level of the
stump end, in order to insure control of the
arm flexion motion. The use of two proximal
retainers to conduct the control path around
and down the arm {Figure IX-15) is very ef-
fective. These placements of the proximal re-
tainer, or retainers, mean that with progres-
sively shorter stumps the control attachment
strap crosses the scapula at successively higher

ELASTIC

/

FIGURE IX-15. Harness Modifications
for the Short AE
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levels. The reduced levering power of the
stump must be compensated by more use of
scapular abduction. The control and harness
placement for the Short AE is shown in Figure
IX-15.

A second modification concerned with this
amputee type is the use of elastic in the
lateral suspensor. This gives more freedom
for motions at the shoulder. It shauld also be
noted that the cross-back strap is essential
to provide the more nearly cross-hack orienta-
tion of control path in the Short AE,

SHOULDER AMPUTEE HARNESSING
Contro! Motions

With the Shoulder amputation, the func-
tions of the hand, wrist, elbow, and shoulder
joint are absent. The most commonly used
control sources are scapular abduction, shoul-
der elevation and scapular adduction. In the
most drastic form of Shoulder amputation—
the Forequarter—the amputee also loses these
control motions on the amputation side. The
Shoulder prosthesis should provide substitutes
for the lost functions of the hand, wrist, elbow,
and shoulder joint, and the harness control
system should provide power to operate these
prosthetic components. Because of loss of
the shoulder joint this has been very difficult
to accomplish, and at the present stage of
development of the upper-extremity pros-
thetics, the Shoulder prosthesis is the least
effective of all those developed for the various
levels of arm amputation. No satisfactory ac-
tive mechanical substitute for the shoulder



joint has been developed, resulting in a pros-
thesis with, at hest, a passively positionable
upper arm section. For this reason, the harness
is required only to provide power for terminal
device operation, forearm flexion, and elhow
locking and unlocking.

While no means for actively controlling a
mechanical shoulder joint have been develop-
ed. means have been devised for providing
passive maotion at this point. Pivoting sectional
plates that permit the upper arm section of
the prosthesis to be flexed at the shoulder
have been developed, and a flexion-
abduction joint is available which
allows passive positioning in two
planes.

As pointed out previously, amputees vary
in physical strength, mobhility of body parts,
and general body build. just as do people
in general. In the case of the Shoulder am-
putee. this fact is critcial. because he has
so few control sources upon which to draw
that his case is marginal at best. Therefore,
the Shoulder amputee who has wide, mobile
shoulders, is strong and in good general health,
and who has good general hody coordination
can usually do well with the basic Shoulder
harness using a minimum of equipment. The
other extreme is the amputee who has the op-
posite of these physical characteristics, and
on whom the prosthetist has to apply every
known modification of the basic harness in an

CHEST
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FIGURE 1X-16,

effort to achieve success. Because of this situa-
tion, the prosthetist is required to study each
amputee’s requirements with care so he can
go as directly as possible to the most satis-
factory combination of equipment with a min-
imum of trial and error. The actual fabrica-
tion and fitting of any given harness for a
Shoulder amputee is seldom difficult; select-
ing the correct harness combination for the
amputee so that he can function at maximum
efficiency with a minimum of equipment is
quite difficult. :

BASIC SHOULDER HARNESS AND
DUAL CONTROL

The basic Shoulder amputee harness pat-
tern is shown in Figure IX-16. The chest strap
is similar to those described in previous sec-
tions for the BE and AE chest strap harnesses.
It is attached to the anterior aspect of the
shoulder cap, runs across the chest. under
the axilla, and across the back at midscapular
level to the control cahle hanger. An clastic
suspensor strap is fastened to the anterior
aspect of the shoulder cap. approximately over
the deltopectoral triangle. hrought up and
over the shoulder to the chest strap, slightly
toward the sound side of the spinal column.

The shoulder cap should be fitted accurate-
ly to the shoulder with the skirts extending
sufficiently to prevent it from dropping oOf
rotating: the harness is required only to hold
it firmly on the shoulder.

ELASTIC
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Basic Shoulder Horness: Scapular Abduction for Dual Control;

Shoulder Elevation for Elbow lock Control
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A waistband is provided with a strap that
is connected to the elbow lock control cable.
The waistband stabilizes the distal end of the
strap, so when the amputee elevates his shoul-
der the elbow lock is tripped.

The fair-lead type control cable is made
and connected in the same way as described
for the AE prosthesis. Together with the el
bow lock control this provides a shoulder dual
control system which is similar in its mechan-
ical aspects to the AE dual control system.

Control Installations

The cable assembly used is essentially simi-
lar to the AE dual control system, and is in-
stalled in the same way, except for the proxi-
mal baseplate and retainer. The latter is
placed approximately in the center of the pos-
terior aspect of the socket, but the exact Jo-
cation must be such that the control attach-
ment strap lies across the amputee’s back at
midscapular level.

The elbow lock control cable housing ex-
tends from a point slightly above where the
control cable emerges from the elbow unit,
well on up onto the anterior aspect of the
socket. Here it is shaped into an inverted U,

4

held by retainers, with the free end of the
housing directed down and slightly medially.

If the elbow unit is the type in which the
control cable is located on the inside of the
socket, a hole is provided about 2 to 3 inches
up from the turntable on the vertical anterior
midline of the socket. The housing and cable
are brought through this hole and extended
vertically up the socket.

If the elbow unit is the type in which the
control cable emerges from an opening on the
anterior portion of the elbow unit housing,
the cable is brought up the anterior vertical
midline of the socket and is held in place with
baseplates and retainers or clips.

Harness Fabrication Procedure

1. Cut a piece of 1%4-inch webbing to make
a chest strap long enough to encircle the tho-
rax from the anterior to the posterior aspects
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Suspensor strap in place.

4. Adjust the elastic suspensor strap and
the chest strap so the latter lies smoothly
across the back at midscapular level.

5. Thread the control attachment strap
through the hanger, and fasten it with a clamp
after removing all slack. Direct the amputee
to abduct his scapulae and observe the action
of the forearm. The amputee should be able
to flex it through its full range.

6. Make a waistband of 1l-inch webbing,
using a buckle that can be fastened by the am-
putee using his normal hand. The waistband
must fit snugly under the rib cage so it will

not pull up when the amputee operates the
elbow lock.

The elbow lock control strap can be fasten-
ed to the waistband of the amputee’s trousers
with a button or snap. It is desirable to locate
the attachment point near the center of the
body so the strap can he brought through the
opening in the shirt. All of the amputee's
trousers must he equipped with these fasten-
ing devices.

7. Make an elbow lock control strap of 15-
inch webbing with a buckle for adjustment.
The strap must be long enough to extend
from the waisthand to the elbow lock control
cable. Cut the control cable and housing so
they terminate well above the edge of the
socket skirt, and attach a 14-inch hanger to
the cable. Thread the control strap through
the hanger and hold in place with a clamp
after removing all slack from the system.

8. Direct the amputee to test the action of
the elbow lock by elevating his shoulder; ad-
just the elbow lock control strap until locking
and unlocking can he accomplished with a
minimal movement, yet not so tight that the
lock will be inadvertently operated.

9. Direct the amputee to flex his prosthetic
forearm and lock it in different positions. He
should be able to flex the forearm through the
full range. If he cannot, check the chest strap
for looseness. In some cases it may be neces-
sary to relocate the lever loop on the forearm
slightly nearer the elbow joint hefore full
range of flexion can be obtained.

10. If the amputee can operate the pros-
thesis satisfactorily and does not complain of
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discomfort from the waistband, it may be as-
sumed that the prosthesis will be adequate.
Proceed to assemble all parts with permanent
fastenings, make final adjustments with the
prosthesis on the amputee, and complete the
final fitting and checkout procedures,

MODIFICATIONS TO INCREASE
DUAL CONTROL FUNCTION

If the amputee cannot successfully operate
the prosthesis with the basic Shoulder harness,
three remedial modifications or wariations
have been found helpful in some cases. These
modifications are:

a. Addition of an axilla loop

b. Addition of a shoulder sling with the

axilla loop
c. Addition of an excursion amplifier

AXILLA
Loor

Axilla Loop

The basic harness with an axilla loop added
on the sound side is shown in Figure I1X-17.

The axilla loop utilizes in some amputees a
substantially larger amount of the motion
produced by a scapular abduction bhecause it
makes a positive connection with the shoulder,
whereas the chest strap does not. The disad-
vantage of having hoth the chest strap and
the axilla loop under the arm on the sound
side is considerable; some amputees may find
this too uncomfortable to tolerate considering
the somewhat limited function yielded by the
shoulder prothesis, even when the latter is
performing at its maximum.

Shoulder Sling

The basic shoulder prosthesis harness with
a shoulder sling in addition to the axilla loop
on the sound side is illustrated in Figure
IX-18.

AXILLA

FIGURE IX-17. Basic Shoulder Harness with Axilla Loop

AXILLA

SHOULDER

AXILLA
Loor

SLING

FIGURE IX-18. Basic Shoulder Harness with Axilla Loop and Shoulder Sling
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The shoulder sling is made up of four straps
so assembled to the axilla loop that in addi-
tion to the positive connection to the shoulder
made by the latter, a strap is held in place on
the point of the shoulder. The shoulder sling
harnesses much of the excursion available as
a result of the wider arc through which this
extreme tip of the shoulder swings when the
scapulae are abducted.

Excursion Amplifiers

An excursion amplifier is a mechanical de-
vice that converts a large force with small ex-
cursion into a lesser force with increased ex-
cursion. Levers can be used for this purpose,
as can gears, pulleys, and hydraulic cylinders.
In most cases the Shoulder amputee has an
abundance of strength in his shoulders; in
many cases he lacks excursion. The excursion
amplifier makes it possible to convert some
of this surplus force into additional excursion.
Most commercially available terminal devices
require 11% to 134 inches of excursion for full
operation, and 2 to 3 inches are required to
elevate the forearm through a range of 125°.
Two types of excursion amplifiers have been
used with some degree of success as part of the
harness for shoulder prostheses in an effort
to attain this amount of excursion: the lever
and the movable pulley or sheave.

Lever Type Excursion Amplifier An excur-
sion amplifier can be made using a third class
lever, which is one on which the force is ap-
plied between the fulcrum and the resistance
or load. An example is shown in Figure IX-19.
It is apparent that the ratio between the force
arm and the resistance arm on this lever is
approximately 2:1; therefore, 1 inch of excur-
sion with a force of four pounds exerted by
the amputee at A will be converted to 2 inches
of excursion with a force of 2 pounds at B.

External Movable Sheave Tvpe Excursion
Amplifier An excursion amplifier can also be
made by using a movable pulley or sheave.
This device can be used to amplify the ex-
cursion produced by scapular ahduction, and
can he mounted in either of two ways: ex-
ternally as an extension of the control attach-
ment strap; and internally, inside the arm

FIGURE 1X-19. Lever Type Excursion Amplifier

section of the prosthesis, as part of the control
cable assembly.

The externally mounted sheave excursion
amplifier is illustrated in Figure [X-20.

FIGURE 1X-20. External Movable Sheave Type
Excursion Amplifier

Internal Movable Sheave Tvpe Excursion
Amplifier The internally mounted excursion
amplifier is shown in Figure IX-21. In prin-
ciple this device is the same as the externally
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FIGURE 1X-21. Internal Movable Sheave Type Excursion Amplifier

mounted amplifier. The advantages of internal
mounting are less interference with clothing
and a considerably more clean-cut appearance.
Comparison of Various Excursion Ampli-
fiers Of the excursion amplifiers we have dis-
cussed, the lever type has the advantage of
variable ratios that may be obtained by locat-
ing the attachment points for the cables in
different relationships to the fulcrum; how-
ever, it has the disadvantage of interfering
with clothing and giving the prosthesis a
gadget-laden appearance, The exjernally
mounted sheave interferes with clothing, ap-
pears gadgety, and is limited to a 2:1 ratio
of amplification. The internally mounted
sheare makes by far the neatest installation,
but is also limited in range of amplification.

VARIATIONS IN BASIC SHOULDER
HARNESS ELBOW LOCK CONTROL

If the amputee objects to wearing a waist-
band for use in controlling the elbow lock,
three other means for accomplishing this con-

trol have been devised, one of which may
prove satisfactory to the amputee. These
variations in elbow control are:
a. Shoulder flexion on the sound side
b. Shoulder extension 'on the amputation
side
¢. Nudge control

Shoulder Flexion on the Sound Side

A harness pattern using this type of elbow
lock control is illustrated in Figure 1X-22.

From the illustration it can be seen that a
form of shoulder sling is used to harness the
excursion at the tip of the shoulder to operate
the elbow lock. It is important to fit the chest
strap at midscapular level and to keep the
shoulder sling as high as possible. This makes
it easier for the amputee to separate the two
controls. Because of the frictional losses in the
long elbow lock control cable, the retura
spring in the elbow unit is seldom able to re-
turn the mechanism to the starting position.
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FIGURE 1X-22. Basic Shoulder Harness:

Scapular Abduction for Dual Control;
Shoulder Flexion on the Sound Side for Elbow Lock Control

An additional spring must be installed in the
arm section of the prosthesis to provide
enough tension to overcome this frictional
loss. This spring is attached as shown in Fig-
ure IX-24. The extra force required to operate
the lock with the auxiliary spring installed
also makes it easier for the amputee to avoid
operating the lock inadvertently.

It must be clearly understood that this
method of ®lbow lock control cannot be used
successfully unless the Shoulder amputee has
sufficient excursion from scapular abduction
alone to flex the forearm and operate the ter-
minal device with dual control.

Shoulder Extension on the
Amputation Side

A harness which uses shoulder extension on
the amputation side to operate the elhow lock

- is illustrated in Figure 1X-23.

Study of this illustration will reveal that the
elbow lock is operated by adducting the
scapula on the amputation side, which causes
the prosthesis to move slightly to the rear;
as the elbow lock control cable is anchored
to the chest strap, a relative motion is pro-
duced that trips the elbow lock. The lower
leg of the split chest strap must be made of
elastic to permit this motion.

FIGURE 1X-23. Basic Shoulder Harness:
Scapular Abduction for Dual Control; -
Shoulder Extension on the Amputation Side
for Elbow Lock Control
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There is some evidence that this harness
pattern i1s most useful for the Shoulder am-
putee who retains the neck of the humerus or
has an Above-Elbhow stump that is so short
that it must be treated as a Shoulder case.
These amputees seem better able than true
Shoulder Disarticulation cases to coordinate
the two body motions required to make the
harness function.

Nudge Control

The nudge control is a paddle-shaped lever
assembly mounted on the shoulder prosthesis

AUXILIARY
RETURN SPRING

ELBOW-LOCK
CABLE

FIGURE 1X-24. Nudge Control for Shoulder
Prosthesis Elbow Llock Control

socket so that it can be operated by “nudg-
ing” it with the chin, or by the sound hand.

FIGURE 1X-25. Shoulder Pro
Scapular Abd
Shoulder Elevation for Eib
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The lever is coupled with a control cable so
that pressure on it causes the cable to retract
in its housing, and so trips the elbow lock.

The nudge control requires the amputee to
use an awkward motion to operate it with his
chin; if he must use his sound hand for the
purpose, two-handed activities are interrupt-
ed, and much of the value of the prosthesis
is lost. For these reasons the nudge control
has not received wide acceptance.

SHOULDER PROSTHESIS HARNESS
FOR FEMALE AMPUTEES

Most female Shoulder amputees cannot
wear a chest strap harness because of the dis-
comfort and irritation in the area of the
breasts. It is necessary to use a harness design
that does not require the chest strap. Some
success has heen achieved by using as a foun-
dation for the harness a diaphragm strap
either separate from or attached to a bras-
sicre made of sturdy material, An arrange.
ment using such a garment is illustrated in
Figure IX-25.

A 1-inch webbing band is sewn to the lower
edge of the brassiere and is attached with
snap fasteners to a projection of the shoulder
cap in front. In back it serves as the control
attachment strap. A piece of elastic strap is
attached to this band in back and slightly to
the sound side of the spinal column, then is
placed diagonally across the back and over the
shoulder to a point of attachment on the
shoulder cap where it serves as @ KUSpensor.
The elbow lock control is anchored to a waist-

sthesis Harness for Female:
uction for Dual Control;

ow Lock Control



band in the same manner as described earlier
for the basic shoulder prosthesis harness.

When the dual control is operated, there
is a force exerted on the band around the
lower edge of the brassiere that causes it to
rotate about the body in those cases where the
amputee is comparatively flat-chested. To
overcome this problem it is necessary to add
a shoulder sling-axilla loop combination to
serve as the anchor for the control attach-
ment strap as shown in Figure IX-18.

PERINEAL CONTROL
Perineal control is accomplished by fitting

a padded webbing loop around the thigh at
the crotch and extending a webbing strap
from the loop to the prosthesis where it is
connected to the control system. The amputee
elevates his shoulders to operate the control.

Perineal control can be used with any pros-
thesis designed for dual control, but many
amputees find the perineal loop too uncom-
fortable to tolerate. For this reason it is used
only as a measure of last resort in most in-
stances. A bilateral Shoulder case who is un-
able to get any useful control from other
sources might accept this control to avoid
almost complete helplessness.

FIGURE IX-26. Shoulder Prosthesis with Perineal Control
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