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Measurement and Evaluation 
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"I often say that when you can measure what you are speak­
ing about and express it in numbers, you know something 
about it; but when you cannot measure it in numbers your 
knowledge is of a meagre and unsatisfactory kind; it may be 
the beginning of knowledge but you have scarcely in your 
thoughts advanced to the stage of science, whatever the 
matter may be." 

—Lord Kelvin 

M OST of us devote appreciable time in the course of daily activity to making 
evaluations and forming value judgments. Every time we make a purchase, 
watch television, eat a meal—the list is endless—we make evaluations. Factors 
considered may involve monetary costs, saving of labor and time, ethical 
principles, aesthetic enjoyment, and many other matters. 

In order to reach a final decision, it is usually necessary to combine, or even 
to counterbalance, evaluations made in many subsidiary categories. Those sub­
groups to which numbers can be applied, such as initial monetary cost and 
maximum attainable speed, are the easiest to consider, while those to which 
numbers cannot be easily assigned are more difficult to evaluate. 

The establishment of standards is a recognized aid in the making of evalua­
tions. Standards may consist simply of a set of lower limits; any product which 
fails to meet them is automatically eliminated from consideration. Examples 
of this hurdle or barrier type are some of the standards of the Underwriters' 
Laboratories for electrical appliances. A variant of this kind of standard may 
involve an upper as well as a lower limit, such as the "go—no-go" type. Con­
versely, a standard may involve the expression of a ratio of the specific item 
to the ultimate attainable, so each evaluation is a rating indicating how closely 
the limit is approached. A standard of this type is involved in the grading of 
examinations. (Even then the relationship between the score and the practical 
application is not always clear; the "A" student is not always successful in 
later life.) An intermediate form of standard is a rank ordering of individual 
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items, along some defined scale, thus allowing comparison of each item with 
the average and its fellows. 

All these types of standards are clearly of value, so the establishment of 
standards, at least tentatively, should generally precede the process of evalua­
tion. In the production of materials and the fabrication of products of all kinds, 
industry and Government depend on established standards in making pur­
chases, compliance testing, and the design of more complex products. For 
many years the American Society for Testing and Materials, the American 
Standards Association, numerous trade associations, and various Government 
agencies have sponsored development of standards and specifications. 

Now what has all this to do with artificial limbs and braces? Evaluation 
serves one primary purpose in this case—the improvement of the product, a 
special type of man-machine combination. If the artificial limb could duplicate 
exactly all the functions of the natural limb in spite of the limited resources of 
power, sensibility, and control remaining available to the amputee, presumably 
we would have an ideal prosthesis. Minimal standards can rule out gross mal­
functions, frequent and hazardous physical breakdowns, and obvious discom­
fort. Reasonably accurate lower and upper boundaries of physical dimensions 
to match specific categories of amputees can be established from anthropo­
metric data illuminated by the best experience of the industry. In another sense, 
the physical strengths and practical minimal wall thicknesses set lower limits 
to weights, while maximal tolerable weights and inertias can also be estimated. 
By specifying the functional capabilities of the human limb we can establish 
the maximum standards we would like to achieve with our replacement. (The 
frequent recent suggestions of servo systems or "man amplifiers," though, 
imply that merely human performance may not be an upper bound.) 

These standards of several types should be specified in many categories. Any 
problem, no matter how complex, can be approached by breaking it down into 
small segments which can be analyzed. It is only as we define the significant 
categories, establish and progressively refine standards, and make objective 
evaluations that further appreciable advances in artificial limbs and braces 
will be made. 
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A Hemipelvectomy amputation involves 
removal of the entire lower extremity and 
half of the pelvis, separation generally being 
effected at the sacroiliac and symphysis pubis 
joints. Whenever possible the gluteus maximus 
and oblique abdominal muscles are preserved 
and usually are sutured together along the 
lower anterior aspect of the abdominal cavity. 
Because of disease or trauma, it is often 
necessary to remove the gluteus maximus, in 
which case the "s tump" consists simply of a 
skin-covered abdominal cavity. The operative 
procedure is described and pictured in detail 
in An Atlas of Amputations by Dr. Donald B. 
Slocum (5). 

Because there is no longer a skeletal struc­
ture on the affected side to assume the forces 
required during ambulation with a prosthesis, 
many workers have attempted to design 
sockets that will transfer weight-bearing 
loads directly to existing bony structure. Some 
have tried to use the ischial tuberosity on the 
unaffected side to support body weight, but 
with limited success. Others have felt it neces­
sary to extend the socket so that the rib cage 
can absorb most of the weight-bearing forces, 
but this arrangement greatly restricts body 
motion and heat dissipation. 

However, it has been found that it is en­
tirely feasible for the "s tump" to carry the 
loads if the socket is designed so that the 
semisolid abdominal mass of the stump is 
upward and medially toward the somewhat 
firmer area of the lower rib cage. Sometimes 
it is possible to utilize the sacrum for some 
support but relief for the coccyx must be 

provided because pressure on this sensitive 
bone almost always results in pain. Some 
additional support can often be achieved by 
utilizing the area of the gluteus maximus on 
the unaffected side. 

Such support may be achieved by means of 
a piece of 1-in. Dacron webbing anchored to 
the inner distal area of the socket so that the 
anchor point is anterior to the ischial tuber­
osity on the sound side. The Dacron tape is 
led from its anchor point in the socket, under 
the gluteus maximus on the sound side, pass­
ing just distal to the trochanter and then 
diagonally across the anterior of the socket to 
a buckle (Fig. 1). Because the strap passes 
across the sound side at the level of the tro­
chanter, it acts as a counterforce to the shear­
ing action of the stump slipping in the socket 
under weight-bearing. 

This article describes a method for fitting 
the hemipelvectomy patient in such a manner 
that the major loads are carried through the 
stump. The hemipelvectomy prosthesis incor­
porates many of the features of the Canadian 
hip-disarticulation socket, which was fully 
discussed in the Autumn 1957 issue of Artificial 
Limbs. However, the opening used for donning 
the prosthesis has been moved from the 
anterior portion to the lateral side of the 
socket. Greater stability is achieved by this 
arrangement since both the anterior and the 
posterior sections of the socket can contribute 
more support. 

The hip-disarticulation socket utilizes the 
ischial tuberosity on the amputated side to 
support the patient in the socket, and the 
crest of the ilium for suspension of the pros­
thesis. In the hemipelvectomy case, the 
skeletal structure is absent and support of 
the patient in the prosthesis depends upon 
oblique upward pressure on the stump with an 
equivalent opposing pressure on the sound 



side, obtained by the shape of the socket (1) 
(Fig. 2). 

Fig. 1. Sketch shows webbing used as additional 
support to help to stabilize the amputee in the socket 
during stance phase. 

Fig. 2. Hemipelvectomy socket. Arrows indicate 
pressure applied by the socket to the "stump," upward 
and medially. Shaded areas indicate bulges produced by 
the use of hip sticks. The bulges aid in suspension of the 
prosthesis, in preventing rotation, and serve as guides 
for correct alignment while donning the prosthesis. 

During casting, hip sticks (Fig. 3) are used 
to obtain the desired contours of tissues 

necessary for good suspension of the prosthesis 
(2). Casting a patient while suspended in a 
sling is one method of compressing tissues in 
an upward oblique direction, resulting in a 
cast of the desired shape. 

The hemipelvectomy prosthesis utilizes the 
principles of alignment of the Canadian-
type hip-disarticulation prosthesis. Moreover, 
the mechanics of the hemipelvectomy pros­
thesis are essentially the same as those of the 
hip-disarticulation prosthesis (4). 



New features incorporated in the hemi-
pelvectomy prosthesis are: First, silicone foam 
is used in the socket construction to fill the 
cavity at the location of the hip joint; silicone 
foam is nontoxic, easily used, and provides a 
surface that is not as slippery as the polyester 
laminates. Second, the attachment for the hip 
joint is an integral part of the socket. Third, 
there is an articulated thigh fairing which is 
lightweight, easily fabricated, allows reduction 
in the size of the thigh block, and greatly 
enhances cosmesis in both the sitting and 
standing positions. Fourth, there is a support 
strap under the ilium and around the tro­
chanter. 

The prosthesis includes the use of a single-
axis knee and a SACH foot with a very soft 
heel wedge. This soft heel wedge increases 
the stability of the prosthesis at heel strike. 

Fig. 3. Hip sticks. A, two sticks, approximately 14 in. in length, 1 in. in diameter, joined by a piece of 2-in. 
webbing, adjustable by means of a buckle. B, hip sticks as applied to the "stump" during casting to create relief 
for the crest of the ilium on the sound side and desired shape of tissues on the amputated side. 

EXAMINATION OF THE AMPUTEE 

When an amputee with a hemipelvectomy 
stump is first seen, a visual examination will 

reveal scar tissue or other surface conditions 
that may affect the design of the socket. The 
location of sensitive areas should be noted so 
that they may receive special treatment if 
necessary. All hemipelvectomy amputations 
are not sectioned at the same level; some 
surgeons leave behind a small amount of the 
ilium or a small amount of the pubic bone. 
Palpation of the stump will usually permit 
determination of any remaining bony struc­
ture, but for definitive evaluation an x-ray of 
the pelvic area is desirable. 

When all the conditions relative to the 
amputation are known and recorded on the 
Prosthetic Information Form (Fig. 4), the 
prosthetist is ready to proceed with the first 
step of prosthesis fabrication; namely, produc­
tion of a model of the stump and adjacent 
areas. 

CASTING THE STUMP 

It has been found that a minimum of modi­
fications to the positive model is required if 



Fig. 4. Prosthetic Information Form. 



the cast is taken under weight-bearing condi­
tions. To achieve these conditions, a simple 
adjustable overhead sling is used. The arrange­
ment shown in Figure 5 utilizes existing 
structure in the laboratory and a tent-rope 
tension bar to achieve height adjustability, 
but a number of equally satisfactory designs 
can be devised. 

Fig. 5. Adjusting the sling to obtain proper height. 

The seat area of the sling may be made with 
a piece of 6-in. or 8-in. stockinette tied to the 
rope at both ends. The stockinette should be 
long enough to clear the outline of the superior 
brim of the socket. 

In taking the cast, hip sticks are used to 
assist in locating and providing relief for the 
anterosuperior spine of the ilium on the 



sound side, and to produce a similar impression 
on the amputated side. This impression assists 
in suspension of the prosthesis and helps to 
prevent rotation of the socket on the stump. 

Materials required for taking the cast are: 

4-in. or 6-in. plaster bandages 
3-ft. length of 8-in. or 10-in. 

stockinette 
Two 3-ft. lengths of 1-in web­

bing 
Four harness clamps 
Container with water 

Indelible pencil 
Plumb bob 

Yardstick 

Paper 

Fig. 6. Tentative outline of socket drawn on stockinette. 

PREPARATION OF THE PATIENT 

A 3-ft. length of stockinette (8-in. or 10-in. 
width as required) is pulled up on the amputee 
until it is quite snug on the sound thigh. 
Proximally, it should cover half the thorax. 
The stockinette is secured with 1-in. webbing 
over the shoulders and should be pulled tight 

enough to give some support to the stump 
mass (Fig. 6). 

The distal portion of the rib cage and any 
areas that need relief are outlined with an 
indelible pencil. The remaining anterosuperior 
spine of the ilium is located and outlined. The 
trochanter on the sound side is located and 
marked. 

An approximate outline of the socket is 
drawn (Fig. 6). The anterior distal portion of 
the outline starts at the pubic ramus and arcs 
upward along the inguinal crease on the sound 
side with clearance for the sartorius muscle, 
then passes down to a point just superior to 
the trochanter. The posterior distal portion of 
the outline passes from the midline of the 
body to a point just lateral to the ischial 
tuberosity, then arcs upward to join the 
anterior line superior to the trochanter. The 
proximal outline circumscribes the body at 
the level of the tenth rib. 



Fig. 7. Orientation of amputee in sling. Retention 
strap adjusted just distal to trochanter on sound side. 

SLING ORIENTATION 

The amputee is seated in the sling after it 
has been positioned approximately for height. 
Pressure on the stump should be diagonally 
upward and toward the opposite shoulder. 
Therefore, the sling should pass diagonally 
across the body to the sound side. A piece of 
1-in. webbing under the axilla on the sound 
side will hold the rope away from the neck 
and face of the amputee. 

A slot is cut in the sling posteriorly and 
just superior to the seat area. Another slot is 
cut opposite this in the anterior section. A 
piece of 1-in. webbing is pulled through these 
slots, around the thigh, and clamped together 
to prevent the seat from sliding on the stump 
(Fig. 7). 

The amputee is instructed to place more 
weight on the sling than on the sound leg, and 
the sling is adjusted for height. It is ascertained 
that the seat area is contacting the remaining 
ramus. 

The setting of the hip sticks is checked. The 
length of the webbing should be adjusted to 
fit the patient so that the groove for relief of 
the remaining ilium and a corresponding 
groove on the amputated side will be in the 
proper position. The fulcrum of the hip sticks 
should be slightly posterior to the crest of 
the ilium to obtain leverage necessary to 
bring adequate pressure against the proximal 
posterior portion of the plaster wrap. 

WRAPPING THE STUMP 

The procedure of wrapping the stump 
usually requires two people. Except for obese 
cases, the patient is removed from the sling 
for application of the plaster wrap. This is 
done to contain the tissues and so prevent 
lateral distortion of the stump when weight is 
reapplied in the sling. An obese amputee, 
however, should not be removed from the 
sling. The wrap cast should be made to 
incorporate the stockinette initially, because 
it is too difficult to wrap the stump and 
properly orient the patient back into the 
sling before the plaster starts to set, 

The wrap is started at the lateral proximal 
brim on the sound side and is brought diag­
onally upwards across the anterior (Fig. 8). 
Moderate pressure is placed on the wrap, but 
ridges should be avoided. The stump should 
be completely wrapped just past the outline 
previously drawn on the stockinette. Care 
must be taken to include the trochanter on 
the sound side. While the wrap is still wet, the 
amputee is positioned back in the sling, and 
the ropes are adjusted until he is standing 
erect, with at least equal weight being borne 
on the amputated side. 


