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Clinical Analysis of Foot Problems

by Karen S. Seale, M.D.

Introduction

Orthotists are vital members of the foot care
team. Their expertise and special interests in
materials and biomechanics add a unique di-
mension to the management of foot problems.

It is hoped that the principles of clinical as-
sessment of foot problems set forth in this ar-
ticle will foster even greater interest in and un-
derstanding of the pathophysiology of foot
problems. The purposes of this article are
threefold:

® To familiarize the orthotist with the gen-
eral concepts of clinical analysis of the
foot.

® To assist the orthotist in designing the
most appropriate orthosis based on clinical
assessment of the problem.

® To give examples of clinical analysis of
the following common foot problems for
which an orthotic treatment may be pre-
scribed:
1. Heel pain
2. Pes planus
3. Metatarsalgia
4. Ankle instability

Discussion

Clinical analysis of the foot consists of ob-
taining a pertinent history and performing a
physical examination of the lower extremity.
The medical history is an opportunity to gather
as much information as possible by asking the
patient to describe the pain, problem, or de-
formity. Specific information is sought by
asking about the type of pain, its duration,
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onset (whether insidious or abrupt), location of
the pain, and activities that help or aggravate
the pain (such as rest, walking, or wearing or
removing certain shoes).

Physical examination involves inspection,
palpation, and manipulation. Observe the pa-
tient, first with and then without his typical
footwear, both standing and walking, with
arms hanging freely at the sides. The patient
should be observed from the front and from the
back. With the patient seated at a height com-
fortable for the examiner and the shoes re-
moved, palpation and manipulation can be per-
formed. Palpation is not intended to inflict
pain, but rather to identify areas of discomfort.
For example, applying direct pressure in the
center of the heel pad may cause discomfort in
a patient with ‘‘heel spur’’ syndrome.

In addition to palpation, manipulation is used
to assess range of motion of the various joints
and to determine the biomechanical relation-
ships of the component parts of the lower ex-
tremity. Although a description of a compre-
hensive foot examination is beyond the scope
of this paper, clinical analysis of four common
foot problems is included in the next section.

Heel Pain

A very common clinical problem for which
shoe modifications may be prescribed is heel
pain. Although many causes of heel pain exist,
common etiologies include, (1) fat pad atrophy,
(2) plantar fascitis or ‘‘heel spur’® syndrome,
and (3) neuritis of the medial calcaneal or lat-
eral plantar nerves.

Atrophy of the fat pad is particularly
common among older individuals who will




Figure 1A. Point of tenderness in patient with
plantar fascitis.

complain of localized pain about the heel
brought on by walking, especially in hard soled
shoes. Varying degrees of fat atrophy of the
metatarsal area as well as the heel pad are ob-
served on physical examination and the under-
lying tubercle of the calcaneous can be readily
palpated. The key to successful shoe modifica-
tion in treating this condition is to increase the
padding beneath the heel.

The onset of chronic heel pain due to plantar
fascitis or ‘‘heel spur’’ syndrome may be either
acute or insidious. It is often most severe upon
arising in the morning, but improves after a pe-
riod of ‘‘warming up.’”” However, it may
worsen if the patient remains on his feet during
the day or with intermittent periods of rest and
activity. The patient is usually tender to palpa-
tion at the origin of the plantar fascia on the
plantar tubercle of the calcaneus and about one
centimeter distally (Figure 1A). The principles
of shoe modification management are soft
soles, relief in the center of the heel, and a soft
arch support to better distribute the weight and
relieve the painful heel area.
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Figure 1B. Point of tenderness in patient with
neuritis of medial calcaneal and/or lateral plantar
nerve.

Neurologic causes of heel pain include neu-
ritis and/or compression of the medial calcaneal
nerve, the lateral plantar nerve, or the nerve to
the abductor digiti quinti, which is a branch of
the lateral plantar nerve.? The pain is usually
not well localized as with plantar fascitis, but
tends to be diffuse. On physical examination
tenderness may be found on the medial aspect
of the heel over the origin of the abductor hal-
lucis (Figure 1B). Occasionally, the examiner
can elicit pain or tingling along the medial
aspect of the heel with light tapping or pressure
in this area. For these patients, an orthosis
which limits excessive pronation, and thereby
decreases the pull of the abductor hallucis
across the nerves, is useful.

Pes Planus

Pes planus, or flat foot, is a descriptive term
indicating the loss of height of the medial arch,
but is a more complex entity than the name im-
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Figure 2A. Note loss of longitudinal arch, with
the excessive forefoot abduction and external ro-
tation,

Figure 2B. Forefoot varus—plantar aspect of
foot facing medially.

plies. There are many causes of symptomatic
flat feet, including posterior tibial tendon rup-
ture, Charcot joint degeneration secondary to
neuropathy, rheumatoid arthritis, and general-
ized ligamentous laxity.* The specific com-
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plaints vary depending on the etiology, but in
general, pes planus leads to diffuse aching of
the foot and early fatigue. Patients with inflam-
mation or early rupture of the posterior tibial
tendon will note pain on the medial aspect of
the foot and ankle early on, but as significant
deformity develops, pain occurs on the lateral
aspect of the hindfoot due to impingement of
the fibula against the valgus-tilted calcaneus.3
The rheumatoid patient may have a great deal
of diffuse pain, whereas the patient with
Charcot joint degeneration secondary to neu-
ropathy may have little or no pain in the pres-
ence of very severe deformity.

Pes planus is best observed seen while the
patient is standing. One notes the decrease in
the medial arch height, the increase in forefoot
abduction and external rotation as well as the
presence of heel valgus (Figure 2A). Observa-
tions, made from behind as the patient walks,
are (1) the excessive external rotation of the
foot relative to the line of progression, and (2)
the lack of significant heel inversion motion
from foot flat to heel lift.

Further biomechanical evaluation is per-
formed by sitting in front of the seated patient
to observe the relationships of the hindfoot to
the leg and of the forefoot to the hindfoot. The
subtalar joint motion is assessed by grasping
the heel and tilting it laterally (into valgus or
eversion) and then medially (into varus or in-
version). Not infrequently, the patient with pes
planus will demonstrate excessive eversion,
greater than the normal excursion of 10°.

The foot is then placed in its ‘‘neutral posi-
tion,”’ which is the point at which the calcaneus
is centered under the tibia and the talar head is
adequately covered by the tarsal navicular. This
is done by the examiner’s holding the heel in
alignment with the long axis of the tibia or in a
few degrees of valgus and then adducting the
forefoot approximately halfway between max-
imum forefoot abduction and maximum adduc-
tion. The position of the plantar aspect of the
forefoot relative to the perpendicular axis of the
tibia is noted. There is usually a component of
forefoot varus which means the plantar aspect
of the foot is facing medially (Figure 2B).

The principles of orthotic management of pes
planus include correcting the valgus tilt of the
calcaneous, providing a medial arch support,
and posting of the first ray to control the hyper-
pronation.




Metatarsalgia

Metatarsalgia is pain in the forefoot area for
which a wide variety of etiologies have been
identified. For the purposes of this article,
which is aimed at the practicing orthotist
dealing with foot problems, the discussion will
be limited to the following:

® Fat pad atrophy

® Sesamoiditis

® Disorders of the lesser metatarsophalan-
geal joints

® Interdigital neuroma

Rheumatoid arthritis

@ Pes cavus

Fat Pad Atrophy

As in heel pad atrophy, the soft tissue pad-
ding under the metatarsal heads may become
atrophied with age, causing diffuse pain under
the metatarsal heads due to the lack of suffi-
cient padding for shock attentuation. The pa-
tient may complain of pain especially when
walking on a hard floor without shoes. The at-
rophy is apparent on general inspection; palpa-
tion reveals the prominence of the metatarsal
heads plantarly. The patient may be tender to
palpation directly under the metatarsal heads.
Soft soled shoes and soft inner soles with meta-
tarsal pads proximal to the metatarsal heads are
beneficial modalities.

Sesamoiditis

Patients with inflammation of the sesamoids
of the first metatarsophalangeal joint will com-
plain of well localized pain on the medial
aspect of the foot just proximal to the first
metatarsal head upon weight bearing. There
may be a history of repeated jumping or run-
ning on the balls of the feet or of a crush injury
due to a heavy object falling on the foot. The
patient may walk by rolling his foot into supin-
ation and inversion, thus bearing the majority
of the weight on the lateral border of the foot.
Palpation directly over the involved sesamoid
will cause localized tenderness beneath either
the tibial or the fibular sesamoid (Figure 3A).
Look for associated edema and swelling under
and around the first metatarsal head. Passive
extension of the first metatarsophalangeal joint
will aggravate the pain. Placing the patient in
low heeled shoes with padding devices which

Clinical Analysis of Foot Problems
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Figure 3A. Area of point tenderness of fibular
sesamoiditis.

relieve weight bearing under the first metatarsal
head are indicated.

Disorders of the Lesser Metatarsal Joints

Disorders such as subluxation or dislocation,
isolated synovitis, or Freiberg’s disease can
cause pain limited to a single metatarsophalan-
geal joint.’ The onset of pain may be insidious
and there may or may not be a history of
trauma associated with the onset of pain. The
patient is usually able to point to the involved
area. Pain can be elicited upon palpation of the
involved joint and with passive manipulation.
Synovial thickening may be appreciated when
comparing the thickness of the involved joint to
the normal joint of the opposite foot.

Interdigital Neuroma

The well localized pain associated with an
interdigital, or Morton’s, neuroma is caused by
a thickening of the soft tissues surrounding the
common digital nerves on the plantar aspect of
the foot and occurs most frequently between
the third and fourth metatarsal heads. This en-
tity occurs frequently in women and probably
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Figure 3B. Technique for eliciting tenderness of interdigital neuroma between third and fourth meta-
tarsal heads.

results from the repeated trauma to the meta-
tarsal region caused by the wearing of high
heeled shoes. The patient is usually able to
point out the area of maximum pain on the
plantar aspect of the foot, pain which occasion-
ally radiates to the toes, and which is worse
with weight bearing when wearing snug, thin
soled shoes. Removing the shoes and mas-
saging the foot usually affords some temporary
relief.

The physical examination will be normal to
inspection, but upon palpation pain can be elic-
ited by squeezing the soft tissues between the
involved metatarsal heads. This is done by
using the thumb and forefinger of one hand to
simultaneously press from dorsal and plantar
while compressing all the metatarsal heads me-
dially and laterally with the opposite hand
(Figure 3B). Occasionally, the enlarged nerve
tissue can actually be felt to roll between the
finger and the thumb.

Keeping the pressure off the involved area
with a metatarsal support proximal to the meta-
tarsal heads and eliminating snug, high heeled
shoes can be helpful in decreasing the pain.

Rheumatoid Arthritis

The typical advanced deformities of rheuma-
toid arthritis causing metatarsalgia are hallux
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valgus with lateral deviation and dorsal dislo-
cation of the lesser metatarsophalangeal joints.
This results in the distal displacement of the
plantar fat pad, thus leaving the metatarsal
heads displaced plantarly with insufficient fat
pad coverage (Figures 3C and 3D). Broad, soft
soled shoes with an adequate height of the toe
box to accommodate the deformities are neces-
sary. Providing a soft, total contact insert with
metatarsal padding proximal to the prominent
metatarsal heads is helpful in decreasing the
weight born by the metatarsal heads and more
evenly distributing the weight across the sole of
the foot.

Pes Cavus

A common complaint of the person with pes
cavus, or a high arch, foot deformity is meta-
tarsalgia. The elevated arch results in greater
weight being borne on the metatarsal heads.
The cavus foot is more rigid and, thus, has less
shock attentuation capability than the normal,
more supple foot. Metatarsalgia can be wors-
ened in the presence of clawing of the toes,
which involves hyperextension of the metatar-
sophalangeal joints, thus making the metatarsal
heads even more prominent plantarly.

The deformity can best be appreciated on



Figure 3C. Typical forefoot deformities of rheu-
matoid arthritis—hallux valgus and dorsal dislo-
cation of metatarsalphalangeal joints (plantar
view).

physical exam by watching the patient in a
standing position. In addition to the elevated
longitudinal arch, heel varus may be noted.
Plantar flexion of the first ray may be present
and can be seen by viewing the foot anteriorly
with the patient seated. Stabilize the calcaneus
in alignment with the tibia and note the level of
the plantar aspect of the first metatarsal head
relative to the others. The patient with metatar-
salgia secondary to pes cavus may benefit from
a soft arch support to increase the weight
bearing surface of the foot and to improve
shock attenuation.

Ankle Instability

Ankle instability may be the result of lateral
ligamentous laxity, a varus heel, or a varus an-
gulated tibia.* A patient with lateral ligamen-
tous laxity of the ankle may give a history of
having initially sustained an ankle sprain sec-
ondary to significant ankle trauma followed by
recurrent sprains with minimal or no trauma.
The wearing of high heeled shoes worsens the
tendency of recurrent ankle sprains as this fur-
ther throws the foot into supination.

Ligamentous laxity causing ankle instability
can usually be demonstrated by the ‘‘lateral
talar tilt”’ test. The ankle is stress tested both in
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Figure 3D. Typical forefoot deformities of rheu-
matoid arthritis—hallux valgus and dorsal dislo-
cation of metatarsalphalangeal joints (lateral
view).

dorsiflexion, to test the calcaneofibular liga-
ment, and in plantarflexion, to test the anterior
talofibular ligament. The tibia is held stationary
as the examiner applies pressure on the lateral
aspect of the hindfoot in a medial direction
(Figure 4). The ankle, which lacks adequate
ligamentous support, will tilt medially indi-
cating instability.

The presence of heel varus can be appre-
ciated by viewing the patient from behind as he
stands with shoes removed. It will be noted that
the calcaneous is medial to the longitudinal axis
of the tibia. Upon manipulation of subtalar
joint motion, there may be decreased eversion
of the calcaneous relative to inversion.

A person who had a varus angulated tibia,
either from a congenital deformity or secondary
to a tibia fracture which has united in varus,
may also experience ankle instability. With
such malalignment, the biomechanical forces
pass lateral to the center of the calcaneous. Ob-
serving the standing patient from the front, the
examiner will note that an imaginary plumb
line dropped from the center of the patella will
fall lateral to the center of the ankle on the af-
fected side.

A lateral heel and sole wedge tilts the hind-
foot into slight valgus to help prevent recurrent
ankle instability.
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Figure 4. ‘‘Lateral talar tilt’’ test for ankle insta-
bility.

Summary

The principles of clinical assessment of four
common clinical problems for which orthotic
treatments are prescribed have been discussed.
The information gained from the medical his-
tory and physical examination used in clinical
assessment of foot problems can aid the ortho-
tist in improving his or her effectiveness as a
vital member of the foot care team.
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Orthotic Management of the

Arthritic Foot

by C. Michael Schuch, C.P.O.

With ever increasing public exposure, ortho-
tists are being requested more frequently to
confront new challenges caused by physical
disability. In the spectrum of orthotic pro-
tocols, management of the arthritic foot and
ankle is a relatively new challenge. During the
past five years, the Department of Orthopaedics
and Rehabilitation, the Division of Rheuma-
tology, and the Division of Prosthetics and Or-
thotics, all of the University of Virginia Med-
ical Center, have comprised an Arthritis Reha-
bilitation Research and Training Center,
providing a regional referral center for arthritis
patients. Orthotic services for these patients
have concentrated on the foot and the ankle,
and this population of patients has been sub-
stantial enough to permit the development of a
consistently successful protocol of manage-
ment. The intent of this paper is to review the
skeletal anatomy of the ankle and foot, discuss
the types of arthritis and their relative patho-
physiology and clinical manifestations, and fi-
nally to present our protocol for management of
the various problems presented by the arthritic
foot and ankle.

Review of Ankle-Foot Anatomy

The skeleton of the foot consists of three
groups of bones: tarsal bones, metatarsal
bones, and phalanges. The tarsal bones are fur-
ther divided into two groups, the first group
consisting of the talus and the calcaneus, to-
gether forming the hindfoot. The talus, which
is the only bone to articulate with the tibia and
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the fibula, acts as a rocker by which the foot as
a unit can be dorsiflexed and plantarflexed at
the hinge of the ankle joint. In stance, the talus
receives the entire weight of the lower limb;
half this weight is transmitted forward to the
bones forming the arch of the foot, and half of
the weight is transmitted downward to the heel
or calcaneous. The calcaneus, or os calcis, is
the bone of the heel. It supports the talus, with-
stands shock as the heel strikes the ground, and
transfers forward the portion of body weight it
receives from the talus.

The second group of tarsals consists of the
five bones anterior to the talus and the cal-
caneus. The navicular, cuboid, and three cunei-
forms increase flexibility of the foot, particu-
larly in its twisting movements. These bones
form the longitudinal arch of the foot, and are
referred to collectively as the midfoot.

The five metatarsal bones lie anterior to and
articulate with the second group of tarsal bones
described above. Each metatarsal consists of a
base, a shaft, and a head, in respective order
from proximal to distal. The distal-most bones
of the foot are the five phalanges, which extend
from the five metatarsals and form the bones of
the toes. The metatarsals and the phalanges
form the forefoot.

The foot has three arches: the medial, lateral,
and transverse. The normal medial arch rises
through the calcaneous to the head of the talus,
and from this high point it descends forward
through the navicular, cuneiforms, and first
three metatarsal heads. The lateral arch, which
is lower than the medial, extends from the cal-
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caneus to its high point at the cuboid, and down
through the fourth and fifth metatarsals. The
transverse arch rises across the width of the
foot between the medial and lateral borders,
primarily under the metatarsal shafts.

The junctions of these various groups of
bones form the joints that allow the functional
motions of the ankle and foot to occur. The ta-
locrural (ankle) joint consists of the medial and
lateral malleoli and the trochlear surface of the
talus. This joint permits the motion of plantar-
flexion and dorsiflexion. The subtalar (talocal-
caneal) joint is formed by the articulation of the
talus and the calcaneus, and permits the heel to
share in inversion and eversion. The transverse
tarsal (midtarsal) joint is not an anatomic en-
tity, but an important functional grouping of
two joints which occur anterior to the talus.
These two joints, the talocalcaneonavicular and
the calcaneocuboid, permit much of the inver-
sion-cversion of the foot. The other tarsal
joints, tarsometatarsal joints, and distal joints
aid in flexibility of the foot from heel strike
through mid-stance, and help the foot form a
rigid lever during toe-off, or the propulsion part
of the gait cycle.

Each of the joints of the ankle and foot, in-
cluding the joints between the sesamoids and
the first metatarsal are lined with synovium so
that when inflammatory conditions that affect
the synovium are present, the foot and ankle

may show dramatic changes clinically, radio-
graphically, and pathologically.

Types and Pathophysiology
of Arthritis

While there are a half dozen or more dif-
fering types of arthritis,® we will limit our dis-
cussion to the types that have a tendency to in-
volve the foot and ankle. The most commonly
seen and most debilitating form of arthritis is
rheumatoid arthritis.

Rheumatoid Arthritis

Rheumatoid arthritis is an inflammatory con-
dition of unknown etiology that primarily af-
fects the synovial lining of joints, tendons, and
bursae. Secondarily, it may cause destruction
to cartilage, bone, ligaments, and other soft
tissue. Most people with rheumatoid arthritis
have some degree of foot and/or ankle involve-
ment.? The joints of the feet are initially in-
volved more often than the joints of the hands.*
Vaino showed that more than 88% of adults
and 69% of children with rheumatoid arthritis
have involvement of the feet during some phase
of the disease.®

Guerra states that the earliest sign of rheu-
matoid arthritis is congestion of the synovial
membranes with edema.? As the synovial in-
flammatory tissue and fluid within the joint ac-

Figure 1. View of patient’s feet afflicted with rheumatoid arthritis.
Note, hallux valgus, claw toes, depressed longitudinal arch, and prona-
tion or eversion at the subtalar joint.
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cumulate, there is swelling of the soft tissue,
and decreased range of motion of the joint. The
inflamed synovium adjacent to the marginal
bare areas causes destruction of bone, resulting
in bony erosion at the margins. Because the in-
flamed synovium, known as the pannus, also
proliferates, expansion occurs over the carti-
lage and destroys the cartilage through enzy-
matic action, producing symmetrical joint
space narrowing. The pannus may also pene-
trate the unprotected bare bone and cause de-
struction of the cartilage from the marrow side.
The reactive hyperemia, part of the inflamma-
tory process, is implicated in the periarticular
osteoporosis and the discontinuity of the sub-
chondral bony plate.? Joint destruction and de-
formities occur and become fixed as the weak-
ened support structure of the ankle and foot
gives way to the normal mechanical stresses
placed upon it; changes in alignment of joints
allow muscles, tendons, and ligaments that
cross the joints to exert different forces, and
stiffness and pain in the joints prevent mo-
bility.?

Clinical manifestations can include all joints
of the ankle-foot, collectively or individually.
Ankle involvement in rheumatoid arthritis is
not as common as involvement of other joints

metatarsal
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of the foot.> The clinical picture of ankle in-
volvement is less dramatic than with the other
joints, with swelling, stiffness, decreased range
of motion, and pain being the indicators. Un-
like the ankle, the hindfoot is often affected
early in rheumatoid arthritis. The most com-
mon deformity of the hindfoot is pes plano-
valgus, or more simply, valgus of the hindfoot
and flattening of the longitudinal arches.’ The
midfoot-tarsal joints develop inflammatory
changes that contribute to the pes planovalgus
deformity of the hindfoot and midfoot. In
time, each of the tarsal bones seem to be
equally involved, causing loss of pronation-su-
pination and malleability of the foot in general.
The forefoot shows marked abnormalities on
clinical and radiologic examination. The al-
tered forces created by hindfoot and midfoot
deformities act with the inflammatory process,
affecting the metatarsal-phalangeal (MTP)
joints and proximal interphalangeal (PIP) joints
to give the typical findings of hallux valgus,
claw toes, subluxation and depression of the
metatarsal-phalangeal joints, abduction of the
forefoot, and splay foot. Involvement here as in
other parts of the foot is symmetric and in-
creases with disease duration.’

proximal phalanx

NORMAL

soft tissue pad

pres.‘sura
RHEUMATOID
ARTHRITIS

: &

weiaght |

Figure 2. Schematic view showing the effects of claw toes with subluxed MTP
joints, resulting in metatarsal head prominences on the plantar surfaces of the foot.
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Osteoarthritis

The next most commonly seen type of ar-
thritis to cause foot problems is osteoarthritis,
or degenerative joint disease. This form of ar-
thritis is not a systemic inflammatory disease;
rather it is a disease that is secondary to the
wear and tear phenomena on joints. Disruption
of the cartilagenous matrix occurs as a result of
enzymatic action. Large weight-bearing joints
of the body are particularly prone to dysfunc-
tion. The ankle joint and the first MTP joint
seem most susceptible, with weight bearing,
trauma, and footwear having all been impli-
cated as causative agents. Radiologic examina-
tion reveals asymmetric narrowing of the joint
space, the areas of stress demonstrating less in-
terosseous space.?

Other Arthritis Types

The arthritis patient population requiring foot
orthotic management primarily falls into one of
the above two categories of diagnosis. How-
ever, occasions will arise necessitating foot and
or ankle management for patients with other ar-
thritic diagnoses. The seronegative arthridities
are ankylosing spondylitis, Reiter’s syndrome
and its variants, and psoriatic arthritis. Two ad-
ditional types of arthritis that may affect the
foot and/or ankle are gout and systemic lupus
erythematosis. While differing in pathophysi-
ology from rheumatoid arthritis and os-
teoarthritis enough to warrant separate diag-
nostic classification, the clinical manifestations
of the ankle and foot are similar.

Orthotic Designs and Indications

As in all orthotic management, the scope of
the problem dictates the complexity of the
orthosis. We have been pleased with the sim-
plicity of the decision making process that has
been developed at the University of Virginia.
Sophisticated evaluation processes are not nec-
essary; patient communication concerning loca-
tion of pain and routine physical examination
of ankle-foot abnormalities are sufficient. Ob-
servation of gait irregularities usually reinforce
communication/physical examination findings.
Orthotic management conveniently falls into
two levels of complexity: foot orthoses (FO’s)
and ankle-foot orthoses (AFO’s).
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Foot Orthoses

The objectives of foot orthoses for arthritic
patients include, (1) maintainence and support
of existing arches of the foot; (2) re-establish-
ment of fallen arches when flexibility permits;
(3) provision of inversion-eversion balance or
stability; (4) distribution of weight bearing
pressures; and (5) provision of soft tissue sup-
plement.

The clinical picture requiring this level of or-
thotic management can range from mild longi-
tudinal arch depression with callous formation
under the metatarsal heads to severe loss of the
longitudinal arches, medial drift of the talocal-
caneonavicular joint complex, subluxation of
MTP joints with depressed and protruding
metatarsal heads, hallux valgus, and claw de-
formities of the phalanges. Traditional foot
orthoses for this type of clinical picture have
been Plastizote® inserts, molded directly to the
patient’s foot. However, Plastizote® is not du-
rable; it packs down quickly with wear. The
more severe the deformity, the quicker the ma-
terial loses its integrity and ability to meet the
objectives of foot orthoses as described above.
Occasionally, arthritic patients have presented
or reported being fit with rigid foot orthoses,
fabricated of Nyloplex (Rohadur), usually pro-
vided by podiatrists. While this material selec-
tion and orthotic design are ideal for many
cases, we have found it to be highly unsuc-
cessful with arthritic patients to the point that
we consider rigid foot orthotics contraindicated
for this patient population. Our experience has
shown that this type of orthosis lacks the flexi-
bility and soft tissue supplement necessary to
promote acceptance by patients with arthritis.
The choice of materials and design for arthritic
foot orthoses at the University of Virginia has
been PVC-Pelite™ foot orthoses, molded over
positive models of the patient’s foot or feet.

Description of Technique

Negative impressions of the patient’s feet are
obtained using any of the commercially avail-
able foam impression blocks. This impression
is taken with the patient seated, to capture the
shape of the existing arches at their maximum
height, free of weight-bearing loads. Care
should be taken to balance inversion-eversion
as the foot is pressed into the foam. Positive
models are obtained in the conventional manner



Figure 3. View showing left foot impression
taken in foam foot impression block. Note ‘X"’
identifying metatarsal head prominence.

by pouring molding plaster into the impression
forms. Modification of the positive model is
necessary to meet the objectives of foot or-
thoses for arthritic patients as discussed above.
The longitudinal arch is increased mildly, espe-
cially posteriorly, as proposed by Carlson, et
al., in their technique for modification of the
UCB foot orthosis.! This modification meets
the objectives of maintenance and support of
existing arches, provision of eversion or valgus
stability, and distribution of weight bearing
forces. The metatarsal or transverse arch modi-
fication is perhaps most important, and the de-
gree of this modification in terms of size and
depth parallels the severity of MTP subluxation
and metatarsal head depression. It is frequently
greater than 2" in depth. The shape of this
modification should simulate that of prefabri-
cated rubber metatarsal pads, which are com-
mercially available in varying sizes and depths.
Proper placement of this modification is crit-
ical; when an existing transverse arch can be
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Figure 4. Foot impression filled with molding
plaster forming a positive model of the patient’s
foot.

identified, it should be exaggerated. If there is
no identifiable transverse arch, the modifica-
tion for this arch in the positive model falls
under the metatarsal shafts, with the dome or
apex of the plaster removal just posterior to the
metatarsal heads, and the proximal edges
blending gradually into the longitudinal arches.
This modification provides support to uplift the
depressed metatarsal heads and reduce trauma
at the push-off phase of the gait cycle. It also
meets the objectives of maintenance and sup-
port of existing arches in some cases, re-estab-
lishment of fallen arches in other cases, and
better distribution of weight-bearing loads. The
final modification to the positive model in-
cludes adding plaster to the plantar aspect of
the PIP joints of the phalanges, which aids in
providing a smooth transition from the MTP to
the phalangeal area of the foot orthosis.

The positive model is now complete and
ready for molding of the base material, PVC
Pelite™, which is available in 4’ square sheets,
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Figure 5. Positive models of patient’s feet,
plantar surface facing up. Note identification of
transverse (metatarsal) arch and prominent
metatarsal heads.

14" thick. PVC Pelite™ is ideal for foot
orthoses because: (1) the PVC laminate (vinyl
covering) assists the Pelite™ in maintaining its
desired shape after heat molding; (2) the PVC
laminate provides strength and durability, de-
creasing and even eliminating incidences of the
Pelite™ packing down, and (3) the PVC lami-
nate consists of closed cells and is waterproof,
which makes it easy to clean and discourages
the growth of bacteria and fungus. The size of
the PVC Pelite™ sheet to be molded over the
positive model is determined by closely tracing
the positive model onto the PVC Pelite™ and
allowing extra material to cover the longitu-

dinal arch and extra material beyond the pha-
langes. Care should be taken to closely trace
the lateral and posterior aspects of the positive
model, because excess material here makes
molding or vacuum forming more difficult, fre-
quently resulting in bunching or folding of the
material and, thus, an unacceptable orthosis.
Heating the PVC Pelite™ sheet can take place
in an oven, an electric skillet, or with a heat
gun. The vinyl covering of PVC Pelite™
should not be subjected to high heat or heated
directly since it can delaminate under these
conditions and develop bubbles or blisters.
When sufficiently pliable and moldable from
the heat, the PVC Pelite™ sheet is molded in
place over the plantar surface of the positive
model using any of the following techniques:

1. Wrapping the PVC Pelite™ in place
around the positive model with an elastic
bandage.

2. Vacuum formed in place using a vacuum
hose placed inside a small airtight plastic
bag.

3. Vacuum formed in place using a com-
mercially available foot orthosis vacuum-
forming machine.

Once the PVC Pelite™ is molded in place and
cooled sufficiently for the molded shape to be
maintained, a sheet of 2" thick medium density
Pelite™ is cut to fill the transverse and longitu-
dinal arch areas as a single piece. (To save time
we have these precut in large numbers to a
single large size that can be trimmed to fit a
given positive mold.) This piece of 2" medium
density Pelite™ is heated to a moldable state
using oven, skillet, or heat gun, and is then
molded or vacuum formed in place as was the

Figure 6. Molded PVC-Pelite™ foot orthosis, with longitudinal and metatarsal arch support.



PVC Pelite®™. When sufficiently cooled, it is
glued in place using Polyadhesive and sanded
to a feather edge so that it will blend with the
PVC Pelite™, Additional modifications to this
PVC Pelite™ foot orthosis design may include
either of the following:

1. For increased soft tissue supplement and
shock absorption, ¥" PPT can be glued
to the bottom surface of the PVC Pelite™
foot orthosis.

2. For maximum soft tissue supplement in
cases of severe metatarsal head protru-
sion, nylon lined 4" PPT may be glued
on top of PVC Pelite® foot orthosis.

Either modification will require greater depth
within the patient’s shoes. With or without the
above modifications, final shaping and fitting
are done to the patient and his shoes.

An additional point worthy of mention: soft
tissue supplement, weight bearing pressure dis-
tribution, metatarsal head pain relief, and other
plantar surface objectives can be attained with
this foot orthosis system regardless of shoe in-
tegrity. However, when the objective is control
of the inversion-eversion (varus-valgus) bal-
ance in the foot, or maintenance, support, or
re-establishment of the longitudinal arch, the
shoes become an adjunct to the foot orthosis
and thus must have a firm heel counter with
good integrity along the medial aspect of the
longitudinal arch.

Ankle Foot Orthoses

Although somewhat rare compared to the
numbers of patients we have encountered re-
quiring foot orthotic management, there are
those arthritics with severe enough involvement
to warrant a higher level orthosis. The typical
picture requiring AFO management is pain,
swelling, and decreased range of motion lo-
cated in the ankle (talocrural) joint, with fre-
quent moderate to severe pes planus and sub-
talar (talocalcaneal) erosion. Although rheuma-
toid arthritis patients dominate this type of
patient population, it is not unusual for patients
with osteoarthritis to present at this level.
Again, severity of involvement dictates the
complexity of the orthosis. We have used two
types or designs of AFO’s in our management
of these kinds of problems: rigid, molded
plastic AFO’s and bivalved, weight bearing,
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Figure 7. Rheumatoid arthritis patient wearing
right molded, rigid copolymer AFO and left
molded, weight-bearing, bivalve, rigid AFO.

rigid, molded plastic AFO’s (also known as
PTB AFO’s or axial load resist AFO’s.) The
distinction between the two is quite simple.
When pain in the ankle or subtalar joint is due
to the forces of walking or movement, i.e. if
the normal movements of the ankle-subtalar
complex in the course of walking causes or in-
creases pain, yet standing stationary is comfort-
able and pain-free, the only need is elimination
of motion which can be provided by a rigid,
molded AFO. When pain is experienced in
both standing and ambulation, the goals are to
redistribute weight-bearing loads by reducing
the amount of weight to be borne through the
diseased ankle-foot complex and to eliminate
range of motion. These objectives can be met
with a bivalved, weight-bearing, rigid, molded
AFO.

As standard AFO’s are commonplace items
in any orthotic practice, detailed discussion in
this context serves no purpose. However, the
need for rigidity should be emphasized. The
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lower vertical trimlines need to be anterior to
the malleoli, and carbon composite inserts can
be used if necessary.

Our chosen design for bivalved, weight
bearing, rigid, molded AFQO’s is that described
by Wilson, Stills, and Pritham’ with the addi-
tion of a higher posterior trimline in the popli-
teal area, similar to that in a below-knee pros-
thesis. The reduction in the range of knee
flexion as a result of this higher posterior trim
is a minor sacrifice for a major gain in reduc-
tion in pain. We purposely try to avoid the use
of the term PTB orthosis because of its erro-
neous weight-bearing implications. The patella
tendon is identified by mild modification of the
positive model in this anatomical region, sim-
ilar to but much less aggressive than in a so
called “‘PTB’’ prothesis. However, there is
little concentrated weight-bearing in this area;
the goal of weight-bearing is equal distribution
throughout the entire part of the lower leg con-
tained within the orthosis. Perhaps the most ac-
curate prosthetic acronym describing the
weight-bearing goals of the bivalved, weight-
bearing, rigid, molded AFO, is the ‘‘total sur-
face bearing’’ concept. In the case of an intact
lower limb as is encountered in orthotics, mod-
ification of the term ‘‘to maximum surface
bearing’’ seems appropriate.

None of our patients requiring rigid AFO’s
has required SACH (solid-ankle cushion-heel)
and rocker sole shoe modifications. We do rec-
ommend the use of shoes with soft soles con-
structed of Vibram® or crepe.

Shoes for Arthritic Patients

Proper shoes are a vital component of or-
thotic management of the arthritic foot. As was
stated earlier, some foot orthotic objectives can
be attained with shoes of poor quality or integ-
rity. However, properly designed and fitted
shoes can only enhance the best designed and
fabricated foot or ankle-foot orthoses.

Our large arthritic patient population at the
University of Virginia has allowed us to recom-
mend and fit a wide variety of accommodative
shoes. As we gained experience, it became ap-
parent that we could rely on a minimum inven-
tory of shoe types or designs. 1 refrain from the
use of the descriptor ‘‘style’” because there
may be several ‘‘styles’’ available within a
shoe design category. The categories of ‘‘de-
sign’’ that I refer to could be listed and de-
scribed as follows:

1. Thermo adjustable shoes
2. Extra depth shoes
3. Running shoes.

Thermo Adjustable Shoes

This shoe type or design is made primarily of
Dermaplast®, which is a heat shrinkable Plasti-
zote®, Known as Apex Ambulators®, there are
two styles available: #1201, the simplest and
most accommodative, and #1273, a more cos-
metic version of the first style.

Style #1201 is of black Dermaplast®™ with a
thin outer fabric covering, crepe wedge soles,
Velcro® lap closure (eases donning for those

Figure 8. View of various shoes useful in the management of patients with arthritis affecting the feet and

ankles.




arthritics with hand involvement), and remov-
able Plastizote® insole. There is no heel
counter reinforcement. The indications for this
type of shoe is last resort, severe deformities,
especially in the dorsal aspect of the foot, that
are difficult or impossible to accommodate in
shoes of firmer and less adjustable materials.
Examples of such deformities are severe
hammer toes, severe hallux valgus, and/or
nodules on the dorsum of the feet or toes. This
shoe is fitted slightly large and then heated
while on the patient’s foot (with protection by
socks, of course). The application of heat
causes the Dermaplast® to shrink and mold to
the patient’s foot shape, thus accommodating
the severe deformity. The shoe upper material
of Plastizote® and fabric is very soft and for-
giving to such deformities. In all cases, we re-
place the removable Plastizote® insoles with
molded PVC-Pelite™ foot orthoses.

The other style of Apex Ambulators® thermo
adjustable shoes, #1273, is very similar to that
described above. The major difference is the
outer covering of the uppers, which in this
second style is thin, pliable leather. This shoe
is more cosmetically appealing to most patients
because the leather uppers allow the choice of
four colors, (the catalogue number varies with
color variations). It has slightly more integrity
than the #1201 style, including a moderately
reinforced heel counter. It also has a removable
tongue, which is secured in place with
Velcro®, a feature that enhances its adjust-
ability. It is available with either lace or
Velcro® loop back closure. Accommodation of
deformities can be accomplished either by
heating and shrinking a loose fit as with the
#1201’s above or by fitting the shoes to the
proper size and then stretching the uppers with
shoe stretching tools over areas of deformity.

Extra Depth Shoes

Extra Depth® shoes are offered by several
manufacturers and provide greater depth
throughout the entire shoe. This depth is ideal
for accommodating molded foot or ankle foot
orthoses designed for arthritic foot deformities.
Extra depth shoes, like molded AFO’s, are a
familiar item in any orthotic practice, and
therefore do not necessitate detailed discussion.
However, there are two important consider-
ations regarding their application to arthritic pa-
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tients: (1) the shoe style selected should be
made of very soft leather, preferably calfskin or
deerskin, as these leathers are most easily spot
stretched to accommodate deformities, and are
the most forgiving to areas of inflammation; (2)
adequate width in the forefoot or toebox of the
shoe cannot be overemphasized.

The extra depth shoes that we recommend
for our arthritic patients are manufactured and
distributed by Alden Shoe Company and P.W.
Minor. The designs and styles vary in leather
utilized, closure (lace or Velcro®), and amount
of heel counter reinforcement. All have soft
crepe soles and uppers that can be modified for
deformities with relative ease using shoe
stretching tools and equipment.

Running Shoes

Running or jogging shoes should be familiar
to orthotists and patients alike. Their applica-
tion to patients with arthritic foot problems
stem from three of their characteristics: (1) they
are acceptable to many patients who do not ac-
cept the “‘lack of style’” of other appropriate
shoes; (2) most utilize separate, removable in-
soles, which when removed, allow adequate
room for use of molded foot or ankle foot
orthoses; and (3) most are very light in weight.
Problems we have encountered with running
shoes include seams in the dorsal aspect of the
toe box, making spot stretching difficult or im-
possible, and construction of vinyl or other
synthetic materials which also make stretching
difficult or less successful.

Conclusion and Results

An experience based protocol for orthotic
management of the arthritic foot has been de-
scribed. This experience is based on over 300
arthritic patients who required orthotic manage-
ment by our service since 1985. Seven patients
have been fit with eight bivalve, weight-
bearing rigid, molded AFO’s (one bilateral).
One of these seven patients benefitted from a
rigid, molded AFO on his lesser involved lower
extremity. The remaining patients have been
managed with custom molded PVC Pelite™
foot orthoses. Many of the patients fit with
PVC Pelite® foot orthoses were successfully
converted from direct molded Plastizote® shoe
inserts. Through routine follow up and chart re-
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views, we have found less than a three percent
rejection rate; more important, we have found
more active patients who enjoy a better quality
of life.
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The Susceptible Insensate Foot

by Mitchell E. Kalter, M.D.
Richard L. Jacobs, M.D.

Introduction

Patients with limbs which are both insensate
and functionless often are best treated with am-
putation to improve hygiene, functional poten-
tial with prosthetics, and often cosmesis. There
exists, however, a large population of patients
whose lower extremities are insensate, but re-
main functional. Because of continued func-
tional demands, and the loss of important pro-
tective mechanisms, breakdown of the delicate
articulations occurs resulting in neuropathic ar-
thropathy.

While there are a multiplicity of disease
states associated with neuropathic arthropathy,
there are certain general principles and charac-
teristics inherent in the final common pathway
of the Charcot joint. In years past, neuro-
syphillis was the major cause. Nowadays, dia-
betes mellitus is by far the most common
cause.

This article will explore some of the histor-
ical aspects, causes, pathophysiology, clinical
manifestations, and principles of treatment as
they relate to neuropathic arthropathy of the
susceptible insensate foot.

Historical Aspects

Jean Martin Charcot, at La Salpetriere in
1868, first called attention to ‘‘ataxic’’ forms
of arthropathy associated with neurological dis-
eases, the most commonly recognized cause
being tabes dorsalis.!-2* Charcot attributed the
acute and destructive arthropathy to the loss of
certain ‘‘neurotrophic influences’’ ncessary to
support the normal joints.®
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Charcot’s contemporaries, Volkmann and
Virchow, disagreed with this ‘‘trophic,”” or
what was known as the ‘‘French’’ theory.?
They argued that the arthropathy was due to
continued mechanical stress and trauma on an
insensitive biological structure.? These stresses
continued in the absence of normal protective
reflexes, which inevitably lead to a cycle of in-
jury, inflammation, further injury, and finally
instability and joint destruction. The end result,
now the *‘Charcot joint.”’

This basic process was gradually recognized
in an ever broadening horizon of disease en-
tities. Myelitis and syringomyelia were recog-
nized as causes in 1875 and 1892 respectively.!
It was not until 1936 that Jordan described neu-
ropathic arthropathy in the diabetic,> now the
most common cause of Charcot joints.*

Etiologic Factors

The myriad of conditions which can produce
Charcot joints is well outlined elsewhere.?:
The three most common causes are diabetes
mellitus, tabes dorsalis, and syringomyelia.*
The prevalence of neuropathic arthropathy in
diabetes is only 0.1% to 0.5%, as compared to
tabes dorsalis and syringomyelia which are 5%
to 10% and 25%, respectively.* The almost ep-
idemic numbers of diabetics makes them the
largest group seen clinically, however.

Various theories have been espoused, such
as Charcot’s ‘‘neurotrophic’’ theory, Volk-
mann’s ‘“‘mechanistic’’ theory, and ‘‘neurovas-
cular’” theories.* Each stresses some aspect of
the observations made in the neuropathic ar-
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thropathy process. Certainly, ‘‘trophic’’ nerves
have never been proven.? Mechanical trauma
most certainly has a major role in the process,
as is noted by many authors.!23.:6.7.8

The basic concept of the mechanical theory
is the blunting or eliminating of pain and pro-
prioceptive information received from the in-
volved body part. This dampens the afferent
input for both conscious and nociflexive re-
sponse patterns which have evolved to protect
the extremity from intolerable mechanical
stresses, and thus avoid injury.® The loss of
proprioceptive and fine sensory input leads to
ataxic gait patterns which further increase me-
chanical stresses.

The spectrum of sensory deficit can be from
an apparently normal sensory examination, to
complete anesthesia.* Patients can experience
pain, but it is invariably much less than ex-
pected for the degree of trauma and distortion
of bone and soft tissues.>*57 When pain does
occur, it is usually secondary to severe post-
traumatic inflammation of richly innervated sy-
novial and pericapsular structures.*® Joint pro-
prioception, which normally inhibits hypermo-
bility, is diminished, or absent, allowing
instability to develop and progress.®

Attempts to explain the rapidity of the pro-
cess and bony reabsorption, seen especially in
the diabetic patient,®!% have been made with
the ‘“‘neurovascular’” theory.* This theory states
that an abnormal ‘‘neurovascular reflex’'* in-
creases blood flow, resulting in bony washout,
and hyperemic distensible soft tissue supports,
all of which predispose the joint to a destructive
process with normal stresses. The high inci-
dence of objective autonomic dysfunction in di-
abetics lends some support to this theory.*

As stated by Hurzwurm and Barja,* **. . . a
more plausible explanation is that all of the
above theories play a role . . . ,”” but to dif-
ferent degrees in each patient.

Simply, relatively minor fractures in an oth-
erwise normal foot or ankle can lead to rapid
Charcot arthropathy if neuropathy is present.’

One can think about the insensate foot like
the insensate mouth after our friendly dentist
mercifully relieves pain. If we insist on eating
before the anesthetic wears off, despite his in-
structions, we can induce a ‘*Charcot mouth.”’
We will have pain for our indiscretion within
several hours. The patient with neuropathy will
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continue to ‘‘chew away,’’ oblivious of the

damage he creates.

Clinical Features

The foot is the most commonly affected part
of the appendicular skeleton.* However, it
should be noted that different distributions of
skeletal involvement can be seen, such as pri-
marily upper extremity involvement with syrin-
gomyelia. The spine, knee, and hip may also
be involved.!! Why one joint in an insensate
extremity is involved, while other joints remain
normal, has remained unanswered.!

Patients commonly present with the chief
complaint of swelling, deformity, or mal per-
forant ulcers.*> Pain may or may not be
present, but is usually dependent upon presence
of acute inflammation.*3

As described by Charcot and Volkmann,? the
process of joint disruption begins with a period
of swelling, erythema, local hyperemia, and
effusion. This acute phase presentation is a
manifestation of a normal acute inflammatory
response to injury. If the injury is not per-
ceived, the already edematous and hyperemic
tissues receive continued trauma, recurrent in-
flammation, and poor, inadequate healing
occurs. This eventually, if unchecked, leads to
progressive soft tissue and bony deformity,>¢
more characteristic of the chronic phase. An
important distinction must be made between
acute inflammation and infection, as both can
present with the same local findings of
swelling, erythema, and increased skin temper-
ature. In the Charcot joint, however, laboratory
studies, such as the white blood and differential
counts and sedimentation rate, are normal; and
importantly, there are no systemic manifesta-
tions such as fever or signs of sepsis.’

Usual deformities include increasing flat foot
to complete arch collapse, ankle and hindfoot
valgus (or varus), and forefoot external rotation
and eversion.>%® Mal perforans ulcers are
formed intradermally, under heavy callous,
caused by abnormal weight bearing.>* A 50%
association of diabetic mal perforans with neu-
roarthropathy has been described,® usually oc-
curring at the metatarsophylangeal joint level.

Patterns of joint involvement have been de-
scribed in the diabetic. Primary ankle and sub-
talar joint patterns are frequent, with mid-tarsal




joints most frequently involved.® Tarsometa-
tarsal and metatarsophylangeal involvement
have each been described in up to 30% of
cases* (Figures 1 and 2).

Radiological characteristics of neuropathic
arthropathy progress from debris at the articular
margins and periarticular calcifications, to dif-
fuse bony fragmentation which can coalesce to
larger fragments and large osteophytes.! Later
changes include bony marginal sclerosis in at-
tempts to reform articulations! (Figure 2).

Pathologic examination reveals bone and
cartilage fragments in the synovial tissues, and
fibroblastic reaction with some round cell infil-
trates in ligamentous and capsular soft
tissues. %6

Circulatory status may be good in the
Charcot foot,* but it is crucial to establish the
diagnosis of vascular compromise on first eval-
uation as this can drastically affect treatment
and outcome, especially in the diabetic.’

Neuropathic arthropathy can be the pre-
senting problem with previously undiagnosed
diabetics.”

Figure 1A. Initial evaluation of a 54 year old fe-
male diabetic. Normal AP, lateral, and oblique
views of the left foot.
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Complicating factors in the clinical course
are spontaneous fractures, which can hasten the
degenerative process; deformity, which can be
quite rapid in syringomyelia, tabes dorsalis,
and with varus deformities; and soft tissue in-
jury, predominantly neurotrophic plantar
ulcers.®

Treatment

Treatment follows from the recognition that
the extremity is injured; and is likely to have
continued trauma because of the neuropathy.
Early recognition should allow curtailment of
the progression, but because of the ‘nature of
the beast’, there is often significant arthropathy
at presentation.

Control of neuropathy, if this is possible,
should be a primary consideration. This should
be followed by attention to soft tissue injuries,
or skin ulcerations which may require local de-
bridement.® Evaluation of circulation is also
part of the initial evaluation,5® with necessary
vascular intervention performed if this is a con-
comitant problem.

Cast immobilization to decrease edema,
allow bony and soft tissue healing, and avoid or
correct deformity, has been advocated by many
authors.!+4.6.7.9:10 Prolonged immobilization is
essential to allow healing and stabilization.*6?
Casting should continue until the local tempera-
ture has returned to that of the uninvolved or
inactive side. It can then be assumed that the
acute repair process has abated, and progres-
sion to supportive and protective orthoses is
possible.*69

Because of the potential for rapid progres-
sion, periodic x-rays must be obtained to assess
progression which may alter therapy® (Compare
Figures 1B and 1C).

The indications for orthopaedic surgical in-
tervention include unacceptable deformity,
making shoeing difficult; bony prominences,
causing ulceration; concomitant infection, re-
quiring debridement and drainage; and defor-
mities with a high likelihood of progression
(i.e. varus).® ‘‘Bumpectomies,”’ decompres-
sive fusions of digits, Keller bunionectomies,
and subtalar or ankle debridements and fusions
are some of the more commonly indicated pro-
cedures.>® Total joint arthroplasty has no place
in the neuropathic patient as it will inevitably
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Figure 1B. At age 59 years, the lateral view is still normal.

Figure 1C. Only ten months later, lateral view of same foot shows advanced Charcot changes of the
ankle, subtalar, and metatarsalphylangeal joints.

Figure 1D. AP view. Figure 1D. Oblique view.
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Figure 1E. AP and mortise views of the ankle at
the same time as 1C and 1D.

Figure 2. The right foot of same patient in Figure
1. Lateral, oblique, and AP views show mid-
tarsal, tarsal-metatarsal, as well as interphylan-
geal Charcot joint changes—a different pattern of
joint involvement in the same patient. Elements of
bone fragmentation, joint subluxation and dislo-
cation and bone formation are represented.
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be disrupted by the same process that destroyed
the natural joint.®

Conclusions

The major problem of the insensate foot is its
susceptibility. Ataxia, secondary to neurop-
athy, imparts abnormal stresses and trauma to
an extremity no longer able to detect injury.
The neuropathy is usually irreversible, so de-
fensive measures must be taken to control the
process of joint destruction. Well fit ankle and
foot orthoses to support unstable joints and re-
distribute weight bearing forces more evenly
are the next line of defense once cast immobili-
zation has controlled the injury reaction and al-
lowed healing. Surgery is useful to correct un-
acceptable or unstable deformities and relieve
skin pressures.

By understanding the patient’s perceptions,
and the pathophysiology of the Charcot foot,
we can provide treatment to prolong the func-
tional life and avoid the complications of the
insensate foot.

References

! Curtiss, P.H., ‘‘Neurologic Diseases of the Foot,”’
Foot Disorders: Medical and Surgical Management, Editor
N.J. Giannestras, Lea & Febiger, Philadelphia, 1973, pp.
500-503.

2 Delano, P.J., ““The Pathogenesis of Charcot’s Joint,”
American Journal of Radiology, 2:56, August, 1946, pp.
189-200.

3 Donovan, J.C. and J.L. Rowbotham, ‘‘Foot Lesions in
Diabetic Patients: Cause, Prevention, and Treatment,”’
Joslins's Diabetes Mellitus, 12th Edition, Editors A.
Marble, et al., Lea & Febiger, Philadelphia, 1985, pp.
732-736.

4 Herzwurm, P.J. and R.H. Barja, ‘‘Charcot Joints of
the Foot,” Contemporary Orthopaedics, 3:14, March,
1987, pp. 17-22.

5 Jacobs, R.L., “‘Neuropathic Foot in the Diabetic Pa-
tient,’’ Foot Science, Editor M.E. Bateman, W.B.
Saunders Co., 1976, pp. 235-253.

6 Jacobs, R.L. and A.M. Karmody, ‘‘The Charcot
Foot,”” The Foot, Editor M. Jahss, W.B. Saunders Co.,
1982, pp. 1248-1265.

7 Kristiansen, B., ‘‘Ankle and Foot Fractures in Dia-
betics Provoking Neuropathic Joint Changes,”’ Acta Ortho-
paedics Scandanavia, 51, 1980, pp. 975-979.

8 Locke, S. and D. Tarsy, ‘‘The Nervous System and
Diabetes,”” Joslin’s Diabetes Mellitus, 12th Edition, Ed-
itors A. Marble, et al., Lea & Febiger, Philadelphia, 1985,
pp. 665—685.

9 Mooney, V. and W. Wagoner, ‘‘Neurocirculatory Dis-
orders of the Foot,”” Clinical Orthopaedics, 122, January—
February, 1977, pp. 53—61.




Mitchell E. Kalter, M.D. and Richard L. Jacobs, M.D.

10 Podolsky, S. and A. Marble, ‘‘Diverse Abnormalities
Associated with Diabetes,’” Joslin's Diabetes Mellitus,
12th Edition, Editors A. Marble, et al., Lea & Febiger,
Philadelphia, 1985, pp. 843-866.

1 Salter, R.B., ‘‘Degenerative Disorders of Joints and
Related Structures,’’ Textbook of Disorders and Injuries of
the Musculoskeletal System, Williams & Wilkins Co., Bal-
timore, 1970, pp. 219-220.

Authors

Mitchell E. Kalter, M.D., and Richard L. Jacobs, M.D.,
are with the Division of Orthopedic Surgery at Albany
Medical College, Albany, New York




Clinical Prosthetics and Orthotics, Vol. 12, No. 2, pp. 67-73

© 1988 The American Academy of Orthotists and Prosthetists. All rights reserved.

Soft Molded Sandals for Insensitive

Foot Care

by William C. Coleman, D.P.M.
Arthur Plaia, M.A.

In the United States, the most common cause
of sensory loss on the foot is diabetes. Fifty to
seventy percent of all non-traumatic amputa-
tions in this country are performed on dia-
betics.!® In Atlanta, Georgia, the amputation
rate was lower by half after a program of foot
inspection, footcare, and shoe-fitting was insti-
tuted.

A person with loss of sense of touch and pain
in the feet should never walk barefoot. A single
step on a sharp object or hot surface with bare
feet often results in permanent loss of foot
function or eventual amputation of the foot.

A comprehensive program of medically-pre-
scribed, therapeutic footware should address
the patient’s need for appropriate shoes at all
times. Once the need for prescribed footwear
has been identified, there is a period between
the time the prescription is written and time
when the definitive shoes are dispensed to the
patient. During that period, the feet still need
protection. A form of protective, temporary
footwear, needs to be worn by the patient until
those shoes are ready. There are a wide variety
of devices used for this purpose around the
country. The form of these devices is largely
dependent on the available facilities and foot-
wear expertise.

A person with a plantar ulcer on an insensi-
tive foot should never walk in shoes or sandals.
The most important therapeutic consideration for
a person with no sense of pain is to control the
mechanical stresses during the healing of these
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wounds.® Shoes and sandals do not provide
enough control over these forces.

After a wound has been covered completely
by skin, the healing and repair of the injury is
not complete. A person with sensory loss needs
very careful monitoring during this period im-
mediately after closure, because they are at
very high risk of reulcerating the area. ? Tem-
porary footwear, which provides a high level of
protection, should be worn during this time.

Usually, unmodified Plastazote®t shoes or
postoperative wooden soled shoes are used as
the temporary protection. Once they have
served this temporary function, the shoes are
discarded and only the definitive shoes are worn
from then on. There are many other times,
however, when protection of the insensitive
foot is needed and custom molded footwear
would be the best form of protection.

Other times when protective footwear is
needed are listed here.

1. Many people do not want to wear their
street shoes around the house until bed-
time. Since a person with insensitive feet
should never walk barefoot, protective
footwear, for use in the house, should be
worn. Most commercial house slippers
have thin soles which are not intended for
walking on rough surfaces and do not
provide any significant protection from

t Plastazote® is a trademark of BXL Plastics Limited,

675 Mitcham Road, Croydon CR9 3AL England.
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sharp objects on the floor.

2. Plantar foot deformity is often present
when prescribed footwear is a necessity.
With bony prominences or loss of plan-
tar fat-pads, a person should never walk or
stand barefoot on hard surfaces. This is a
problem, particularly when this person
showers and they stand on porcelain, con-
crete, or tile.

3. A person who needs prescribed footwear
should always have at least two pairs.
Most people, who need them, do not.
This is important during periods of time
when these shoes are being repaired or
the prescription is changed.

Plastazote® was first used for orthopedic
purposes by William Tuck, in England, in
1967.11 He notified Dr. Paul Brand in Carville,
Louisiana and the first Plastazote® sandals were
constructed soon after. Plastazote® provided a
material which was easily molded directly on
the foot so protective, interim footware could
be quickly constructed.

Prior to the introduction of Plastazote®,
sandals at Carville were constructed of %" thick
microcellular rubber. Microcellular rubber is
not a moldable material and foot conformity
had to be accommodated by construct-
ing microcellular pads and wedges.* This was
imprecise and time consuming.

Over the years, several people have contrib-
uted modifications to the design and construc-
tion techniques of the ‘‘Carville’’ sandal.® It
has become an integral part of the total foot
program.

Materials and Equipment Used to
Construct the Sandal

The following is a list of the materials used
to build the sandal.

Materials for the Plastazote® Foot Bed

2 pieces of 12" X 6" X 12" Plastazote® #1
(medium)$

2 pieces of 2" X 6" x 12" Plastazote® #2
(firm)#

+The numerical identifications of the different densities
of Plastazote® correspond with the designations assigned
for these densities by Alimed Inc., 297 High Street,
Dedham, Massachusetts 02026.
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2 pieces of ¥4" X 5" x 12" Plastazote® #3
(rigid)%

2 pieces of Plastazote® #2, 5" X 10" x "
thick to provide heel lift

2 pieces of 4" X 3" x 33" Plastazote® #3
for wrapping the sides of the sandals

Additional Materials

Neoprene crepe soling (12 iron = Y") (24
iron = 14") (1" x 9") Spring steel cut to
the full length of the sandal’s length.

Webbing for Straps

2 pieces of cotton webbing 1" x 9"

2 pieces of cotton webbing 1" x 84"
2 pieces of cotton webbing 15" X 9"
2 pieces of cotton webbing 1}4" X 8"
2 pieces of cotton webbing 1" x 12"

Velcro® to be sewn to webbing

2 pieces of 1" X 2!4" Velcro® hook
2 pieces of 114" X 214" Velcro® hook
2 pieces of 1" x 2%" Velcro® pile

2 pieces of 14" x 24" Velcro® pile

Glue
Contact Cement or other adhesive

Tools

® Skiving knife

® Ruler

® Scissors

® Polyfoam block (size 8" high X 12" wide
X 18" long) cut at approximately 45°
from the top to the base at the front of the
block.

Equipment

® Sewing machine or Patcher machine
® Finishing sander or grinding wheel
® Oven

Pieces of the Sandal Prepared
in Advance

Most of the materials used in the construc-
tion of a sandal are pre-cut and pre-sewn in the




shop to speed the construction process.

All pieces of Plastazote® are cut from large
sheets into the rectangular sizes listed above.
The cotton webbing and Velcro® are purchased
on large rolls and cut to the sizes above in ad-
vance.

A 114" x 2V4" patch of hook Velcro® is
sewn to one end of a 1'2" x 9" piece of web-
bing. Approximately 2" of cotton webbing is
left exposed on the very end so the end can be
grasped by the patient to release the strap. A
14" x 214" piece of pile Velcro® is sewn to
the end of a 112" x 84" piece of webbing.
This procedure is repeated on the 1" x 84"
and 1" X 9" pieces of cotton webbing.

The oven should be preheated to a tempera-
ture of 140° Celsius (285° Fahrenheit). This is
the temperature at which all polyethylene mate-
rials should be heated.

Plastazote® is a closed-cell polyethylene
foam material. If polyethylene foam materials
are overheated, the cell structure is weakened
and the material shrinks in all directions. To
determine the amount of time a polyethylene
foam should be heated, measure the thickness
of the material in millimeters and multiply the
thickness by twelve (10 mm x 12 = 120
seconds). The answer will be the time of
heating in seconds.

To mold the Plastazote® directly on the foot,
the heated Plastazote® is placed between the
foot and a thick foam rubber block. The foot is
pressed into the foam and Plastazote®. The
foam presses the polyethylene foam up around
the sides of the foot and into every plantar
hollow and the material cools and remains in
this shape.

The top/front of the foam a block is cut at a
45° angle to prevent obtaining a deep mold of
the toes (Figure 1). A deep mold would create a
ridge distal to the ends of the toes. During gait,
the medial foot enlongates with pronation. This
elongation could result in distal toe damage on
an insensitive foot if this ridge were present.

Construction of the Sandal

Patients are seated in an adjustable chair to
insure the knee and ankle can be maintained at
right angles as the Plastazote® is molded to
their foot. Patients with insensitive feet are
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Figure 1. The open-celled foam block used to
mold the Plastazote® footbed is cut on the top/
front to prevent deep-molding the toes into the
Plastazote®.

Figure 2. As the first Plastazote® layer is cooling,
a line is drawn to mark the outer edge of the
sandal.

asked to wear socks for heat insulation from the
warm polyethylene foam.

To begin the sandal, a piece of 6" x 12" X
14" thick, medium, Plastazote® #1 is heated
according to the above formula. After the Plas-
tazote® has been heated, it is placed on the
foam block with the toe region hanging over
the 45° cut of the foam block. The foot is
aligned over the Plastazote® with the metatarsal
heads positioned over the top edge of the cut-
off section of the foam block. The patient’s
foot is then pressed into the Plastazote®.

After the Plastazote® foot bed has cooled,
but before the patient is asked to lift their foot,
an outline is drawn to mark a reference for what
will become the outer sides of the sandal
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Figure 3. The molded
#1 Plastazote® is set
on the glued surface of
the heated #2 prior to
molding the two to-
gether.

Figure 4. The cotton-webbing straps are held in
place while the sandal and straps are marked for
later gluing.

(Figure 2). Hold the pen marking this line in a
vertical position. Purposely draw the toe area
distal to the foot further distal to the toes than
needed. Mark the toe of the sandal about 1”
distal than the toes of the foot. Material used to
wrap the sides of the sandal will pull the distal
end of the sandal back.

Cut the molded piece of Plastazote® around
the outside of the molded portion to remove ex-
cess material. Make this cut approximately 2"
outside the drawn line. This will allow for
better control of shaping the sandal during a
later grinding process.

Apply adhesive to the bottom (convex side)
of the molded material and to one side of a 6"
X 12" x V4" firm, #2 Plastazote® piece. Then
heat the #2 Plastazote®. Set the heated #2
piece on the foam block and the molded #1
Plastazote® piece on top of it (Figure 3). Place
the foot back into the molded #1 piece and
then press down to mold the #2 Plastazote®
piece to the bottom of the #1 piece. Plasta-
zote® #1 and #2 are autoadhesive, but this

Figure 5. The straps are cut so they do not overlap under the footbed.
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characteristic of the material has not proven to
form a dependable bond in these sandals.

Then cut the #2 piece to the edge of the #1
piece and ground both pieces vertically to meet
the line drawn earlier. At this time, ground flat
some of the roundness on the plantar surface of
the molded #2 piece and flatten by grinding the
area under the metatarsal heads and toes.

Use the 1%2" wide webbing to build the strap
which will cross over the midfoot region just in
front of the ankle. Use the 1" webbing for the
strap which will cross over the top of the meta-
tarsals just proximal to the metatarsal heads.
Also use 1" strapping behind the heel.

Place the patient’s foot in the foot bed and
"velcro’® the straps together and hold them in
place over the foot. Align the straps over the
foot and mark the Plastazote® and straps
(Figure 4). Glue together the Plastazote®
footbed and straps, using the marks as a refer-
ence. Cut the straps under the sandal so they
don’t overlap (Figure 5).

Coat with glue the 5" x 10" X %" scrap
piece of #2 Plastazote® and the bottom of the
molded footbed and heat the #2 piece. Glue
the #2 piece under the heel arch and metatarsal
heads. Ground down the bottom to form a %"
high wedge heel which tapers down to the
metatarsal heads (Figure 6). This heel lift also
serves to fill any remaining arch and curvature
under the sides of the molded footbed.

The sole of these sandals should be abso-
lutely rigid. On smaller patients the rigid Plas-
tazote®, which will be added later, will be suf-
ficient to accomplish this. But in larger,
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heavier patients, it may be necessary to include
a rigid steel shank from the heel to the toe. For
those patients, glue a piece of leather to the
bottom of the footbed to prevent penetration of
the steel through the footbed. Bend up the steel
from the metatarsal heads to the end of the toe
of the sandal in the form of a rocker. Glue the
steel shank to the bottom of the leather, and
shape and grind flat a filler material around the
shank so bumps will not form in the outer sole
of the sandal.

If the steel shank is not used, coat with glue
a piece of 5" X 12" X V4" rigid #3 Plastazote®
and the bottom of the footbed. Heat the #3
piece and then attach it to the bottom of the
footbed. This is done by adhering the heel of
the sandal to the #3 piece first and then, in a
rolling motion, elevate the heel of the sandal as
the toe is pressed down onto the material piece
(Figure 7). This creates a rocker sole with in-
creased toe spring under the toes.

Skive back one end of a piece of rigid Plas-
tazote® 3" wide by 33" long and '4" thick to a
distance of 2" and at a shallow angle. Then
apply glue over the 2" skived portion and the
entire other side of the rigid Plastazote® piece.
Coat the sides of the footbed with glue. Heat
the rigid Plastazote® and glue it vertically
around the perimeter of the sandal (Figure 8).
Glue the skived end to the medial arch area of
the footbed first. This leaves the glue coated
skived area facing out from the sandal. Com-
pletely wrap the #3 strip around it, overlapping
onto the skived area, and cut off the excess.
Trim the bottom flat and round the upper edge

Figure 6. The bottom of the sandal is ground flat under heel, arch, and metatarsal heads after the heel
wedge is glued on. The area under the toe is ground up to form the rocker.
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Figure 7. The heel of the
sandal is lifted before the
front of the heated #3 Plasta-
zote® is glued to the footbed
to help form the rocker sole.

Figure 8. The sandal is made more rigid by gluing
V4" #3 Plastazote® vertically around the footbed.

level with the top of the footbed by grinding.
Then glue neoprene crepe soling to the bottom.

Place the patient’s foot into the sandal to fit a
heel strap. The strap is 1" cotton webbing.
Mark the location of the strap. Remove the
sandal and sew the strap into place (Figure 9).
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Figure 9. The completed sandal with neoprene
crepe soling and heel strap attached.

n— — {7

Figure 10. For shortened feet a single, broad
strap can be used across the instep.

Rivets can also be used to attach the strap.

For shortened feet, use only a single vertical,
instep strap of 1%2" to 2" width and attach the
heel strap to this single strap (Figure 10). For
more long-term use, construct the straps and
sides of leather (Figure 11). If the patient’s skin
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Figure 11. Leather can be used for sandals in-
tended for long-term or outdoor wear.

is thin and atrophied, softer materials such as
beta-pile can be used as straps.

Considerations for Insensitive Feet

In a series of 41 diabetic patients with sen-
sory neuropathy in their feet, when measured
with pedobarograph, 51% had abnormally high
pressure under their metatarsal heads.? This is
compared to only 7% of non-diabetic patients
displaying higher pressures. The skin under the
metatarsal heads has been shown in many
studies to be the most frequently ulcerated part
of the insensitive foot.3-¢ The forefoot region of
insensitive feet needs a higher level of protec-
tion than the rest of the foot. This can be ac-
complished in the Plastazote® sandal by
making the sole rigid and creating a rocker ef-
fect in the sole design.” A rigid sole minimizes
shear between the sandal and skin. It also elim-
inates flexion and extension at the metatarsal-
phalangeal joints.” If the toes of the foot are
rigid, a flexible soled shoe will press up into
the toes during gait.

Rocker soles have been shown to greatly re-
duce foot pressure during gait. The point on the
sole where rocking begins should always be
posterior to the metatarsal heads, but ideally
would be placed near the middle of the sandal.
These rocker styles of sole are also helpful in
the rehabilitation of patients with fused ankles.3

Conclusion

For 20 years at the Gillis W. Long Hansen’s
Disease Center in Carville, Louisiana, Plasta-
zote® sandals have proven to be an effective
form of interim footwear for insensitive pa-
tients. The technique is simple and highly
adaptable to many types of foot therapy.
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Orthopedic Walkers: Effect on

Plantar Pressures
by James A. Birke, P.T., M.S.

Deborah A. Nawoczenski, P.T., M.Ed.

Introduction

Short leg (SLW) and patellar tendon bearing
walkers (PTBW) are orthotic appliancest
which have been recently designed as alterna-
tive devices to traditional plaster cast immobili-
zation. The indications for use of lower leg
walkers include severe ankle sprains, and ankle
and foot fractures. Orthopedic walkers are con-
venient to use, lightweight, and removable to
perform joint range of motion or inspect the ex-
tremity. Short leg walkers have been shown to
be as effective as walking casts in healing
stable ankle fractures, and patients treated with
short leg walkers have shown significantly less
edema, tenderness, and joint stiffness after six
weeks of immobilization.!? The authors feel
that orthopedic walkers may also prove to be a
beneficial alternative to traditional management
of neuropathic fractures and plantar ulcer-
ations, which are commonly seen in diabetes
mellitus and Hansen’s disease.

Neuropathic foot lesions are the result of ab-
normal or repetitive stress.3*8:.10.16 Treatment
techniques for neuropathic foot conditions
should be effective in reducing pressure and
shear stress. Traditional methods of treating
neuropathic foot lesions include walking casts,
fixed ankle braces, and PTB braces.!5:6.7.14.17
Plaster walking casts and PTB braces have
been shown to significantly reduce pressure on
the plantar surface of the foot during

T 3D Orthopedics, Inc., 10520 Olympic Drive, Dallas,
Texas 75220.
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walking.?%-11:15 The total contact walking cast
is considered effective in reducing pressure on
the foot by redistributing forces on the plantar
surface of the foot and lower leg. Several fea-
tures of PTB orthoses shown to be important in
achieving maximal weight bearing reduction on
the foot include a rigid closure PTB shell, a
heel-shoe clearance of 3" to 17, a fixed ankle
joint, and a rocker sole.!! Orthopedic walkers
incorporate these same design features to
varying degrees which has generated our in-
terest in studying their effectiveness in reducing
pressure on the foot.

The SLW has a fixed ankle joint, rocker
sole, and a polyurethane liner which is snugly
secured to the leg with Velcro® closures
(Figure 1). The PTBW incorporates all the fea-
tures of the SLW, as well as a non-custom
molded, semi-rigid polyethylene PTB shell
(Figure 2).

The effectiveness of the SLW or PTBW in
reducing pressure or shear stress on the foot has
not previously been studied. The potential
value of these devices in managing the neuro-
pathic foot may be evaluated by their effective-
ness in reducing pressure and shear stress. Cur-
rently, there are unreliable methods for mea-
suring shear stress. However, shear is directly
related to the perpendicular forces acting on the
foot. Pressure equals the perpendicular forces
per unit area. Pressure transducers provide a re-
peatable measurement of relative pressure in-
side footwear when the material interfacing
with the transducers is controlled.!?



Figure 1. Short Leg Walker.

Purpose

The purpose of this study was to determine
the effectiveness of SLW and PTBW in re-
ducing the pressure distribution on the normal
foot during walking.

Method

Ten subjects (6 male and 4 female) without a
history of foot pathology participated in this
study. Capacitive pressure transducersi 2mm
thick and 1.5cm in diameter were taped to the
first metatarsal head (MTH), third MTH, fifth
MTH, and plantar heel of the right foot of each
subject (Figure 3). The foot was covered with a
thin cotton stockinette which remained undis-
turbed during the study. Transducers were cali-
brated according to the manufacturer’s instruc-
tions prior to testing each subject. Pressure re-
cordings were made using a four-channel
capacitive impedance bridge amplifierf and
oscillographic recorderftt while subjects
walked in a cast shoe (CS-1) (Figure 4), short
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Figure 2. Patellar Tendon Bearing Walker.

leg walker (SLW), patella tendon bearing
walker (PTBW), and again in a cast shoe
(CS-2). All the walking devices were fabricated
by the same manufacturer.t The cast shoe was
identical to the foot component of both the
SLW and PTBW, utilizing identical rocker out-
ersoles and 2.4mm polyurethane material in-
soles. SLW and PTBW were applied to the leg
with a 34" heel-shoe clearance. Subjects walked
a distance of 100 meters for each treatment
condition. The testing order of treatments
SLW, PTBW, and CS-2 was randomly as-
signed to eliminate systematic error.

Relative pressure was measured in milli-
meters of peak to peak chart deflection for 24
steps for each treatment condition. The middle
distance of each run was used for analysis in
order to eliminate pressure variations due to the
acceleration and deceleration phases of each
trial. Percent pressure change relative to CS-1

F Hercules Orthoflex Data System, Allegany Ballistics
Lab, Cumberland, Maryland.

111 Gulton TR-400a, Gulton Industries, Inc., East
Greenwich, Rhode Island.
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Figure 3. Pressure transducer placement on se-
lected areas of the foot.

was calculated for treatments SLW, PTBW,
and CS-2. Means and standard deviations were
computed for treatments at each transducer site.
An analysis of variance for repeated measures
was used to determine whether treatment dif-
ferences were significant within each site.
Duncan’s test was used for post-hoc analysis of
means. A significance level of 0.05 was used
for comparisons.
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Figure 4. Cast Shoe.

Results and Discussion

An analysis of variance (Table 1) for mean
percent reduction in pressure was highly signif-
icant at all sites tested (Figures 5, 6, 7, and 8).
Duncan’s test was performed to establish which
treatments differed. Significant differences
were found between the percent reduction in
pressure walking in SLW and PTBW as com-
pared to the CS-2 at all sites. No difference was
found between SLW and PTBW at any site.
The percent pressure reduction using the walker
devices was comparable at all the sites tested.

This study demonstrated the effectiveness of
the short leg and patellar tendon bearing
walkers as compared to the cast shoe in re-
ducing plantar pressure on the foot. Since all
the devices in this study had the same sole de-
sign and insole materials, treatment differences
must be attributable to proximal orthotic com-
ponents including the polyurethane liner, fixed
ankle uprights, and Velcro® closures. The
SLW and PTBW differed only by the polyeth-
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Analysis of Variance of Percent Pressure Reduction

SITE SOURCE DF SS MS F

Treatments 2 1.378 0.689 187.08*
1ST MTH Subjects 9 0.5468  0.0608

Error 18 0.0663  0.0037

Total 29 1.9912

Treatments 2 2.4045 1.2022 433.8666*
3RD MTH Subjects 9 0.2841 0.0316

Error 18 0.0499  0.0028

Total 29 2.7385

Treatments 2 1.0142  0.5071 400.0744*
5TH MTH Subjects 9 0.5052  0.0561

Error 18 0.0228  0.0013

Total 29 1.5422

Treatments 2 1.2276 0.6138 828.9806*
HEEL Subjects 9 0.1868 0.0208

Error 18 0.0133 0.0007

Total 29 1.4278
*P < .001.

Table I. Analysis of Variance of Percent Pressure Reduction.
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Figure 5. Percent pressure reduction at the first metatarsal head (1 MTH) walking
in cast shoe-2 (CS-2), short leg walker (SLW) and patellar tendon bearing walker
(PTBW) compared to walking in cast shoe-1.
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Figure 6. Percent pressure reduction at the third metatarsal head (3 MTH) walking
in cast shoe-2 (CS-2), short leg walker (SLW) and patellar tendon bearing walker
(PTBW) compared to walking to in cast shoe-1.
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Figure 7. Percent pressure reduction at the fifth metatarsal head (5 MTH) walking
in cast shoe-2 (CS-2), short leg walker (SLW) and patellar tendon bearing walker
(PTBW) compared to walking in cast shoe-1.
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Figure 8. Percent pressure reduction at the heel walking in cast shoe-2 (CS-2), short
leg walker (SLW) and patellar tendon bearing walker (PTBW) compared to walking

in cast shoe-1.

ylene, non-custom molded patellar tendon cuff.
Since no treatment difference was seen between
these devices, the PTBW cuff design must not
have been effective. However, in follow-up,
single subject trials, we were not able to change
walking pressures by redesigning the PTBW
cuff using polyethylene or plaster custom
molded PTB cuffs. An alternative conclusion is
that the SLW design alone optimally reduced
plantar pressure by the fixed ankle joint and
uprights snugly supporting the lower leg and
calf.

In this study, orthopedic walkers were
equally effective in reducing pressure at all sites
tested on the foot. In previous studies, casts
were shown to reduce pressure more effectively
in the forefoot than the heel, and PTB orthotics
reduced pressure more effectively in the heel
than the forefoot.2:11.15

Based on the results of this study, othopedic
walkers may be effective devices in the reduc-
tion of plantar foot pressure in patients with
neuropathic conditions of the foot. There is no
evidence to show that the PTBW will be more
effective than the SLW. Further study utilizing
a patient population is recommended.
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Conclusions

Within the scope of this study, it is possible
to conclude the following: (1) SLW and PTBW
orthopaedic walkers are effective in reducing
pressure at the first MTH, third MTH, fifth
MTH and heel in normal subjects during
walking, and (2) there is no difference in pres-
sure distribution between the SLW and PTBW
during walking.
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Report From:

International Workshop on
Above-Knee Fitting
and Alignment Techniques

by C. Michael Schuch, C.P.O.

An ‘“‘International Workshop on Above-
Knee Fitting and Alignment Techniques’’ was
held in Miami, Florida, May 15-19, 1987.
Conceived and organized by A. Bennett
Wilson, Jr. and Melvin L. Stills, C.O., the
workshop was supported and sponsored jointly
by the International Society for Prosthetics and
Orthotics and the Rehabilitation Research and
Development Service of the Veteran’s Admin-
istration. Hosting the workshop was the Pros-
thetics and Orthotics Education Program of the
School of Health Sciences, Florida Interna-
tional University, and more specifically, Dr.
Reba Anderson, Dean of Health Sciences and
Ron Spiers, Director of Prosthetic Orthotic Ed-
ucation. Approximately 50 invited profes-
sionals attended the workshop, representing the
United States, England, Scotland, Denmark,
Sweden, Israel, the Netherlands, and Germany.
Invited professionals included physicians, engi-
neers, educators, and researchers, as well as
prosthetic practitioners, all known to be active
in the field of prosthetics.

The intent of the workshop was an organized
sharing and discussion of information and ex-
periences relative to the management of above-
knee amputees. Above-knee socket design vari-
ables, specifically the accepted and established
quadrilateral design and the newer ischial-con-
tainment designs known by various acronyms
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(CAT-CAM, NSNA, Narrow M-L), were dis-
cussed in great detail. Goals were to determine
differences/similarities, advantages/disadvan-
tages, indications/contraindications, as well as
to develop recommendations for future action
with respect to the various socket designs.
While many prosthetists and/or clinics may
have considerable experience with the newer
above-knee socket designs within the United
States, it is true that there are still many ques-
tions and concerns on the part of consumers,
prescribing physicians, third party paying
agencies, and educators in the U.S., as well as
a great curiosity on the part of our international
colleagues abroad.

After introductory remarks from Dr. An-
derson, Dean of Health Sciences at Florida In-
ternational University, Mr. John Hughes, Pres-
ident of ISPO, and Dr. Margaret Gianninni,
Director of the Rehabilitation Research and De-
velopment Service of the Veteran’s Adminis-
tration, the program began with a presentation
by A. Bennett Wilson entitled, ‘‘Recent Brief
History of AK Fitting and Alignment Tech-
niques.”’ This paper began with the advent of
the suction socket in the U.S. shortly after
World War II and proceeded with the develop-
ment of the total contact quadrilateral socket in
the early 1960’s. The audience was reminded
that the total-contact quadrilateral socket, with
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or without suction suspension, was the socket
design of choice from 1964 until very recently,
when ischial-containment socket designs
emerged. It was noted that, at present, the three
senior prosthetic education programs in the
U.S. (UCLA, Northwestern University, and
New York University), in addition to teaching
the application of the standard total contact
quadrilateral socket, are offering special
courses in what at first glance appear to be rad-
ical departures from the quadrilateral design.
The technique at UCLA is known as CAT-
CAM (Contoured Adducted Trochanteric-Con-
trolled Alignment Method), based on work by
John Sabolich, C.P.O., and inspired by Ivan
A. Long, C.P. The technique being presented
at Northwestern University is said to be based
more directly on the Ivan Long technique and is
known as NSNA (Normal Shape-Normal
Alignment). The technique taught at New York
University is usually referred to as the narrow
ML socket design based on a special tool de-
signed by Daniel Shamp to facilitate casting.
Mr. Wilson concluded his remarks by saying
“‘unfortunately, none of these techniques has
been subjected to an evaluation program inde-
pendent of the development group, and a great
deal of confusion exists among clinicians re-
sponsible for amputee care. I hope that this
workshop can be helpful in clearing away some
of the confusion, and point the way for action
that will bring order to the present day practice
of above-knee prosthetics.””

The next speaker on the agenda was Charles
Radcliffe, Professor of Mechanical Engineering
at the University of California, Berkeley. Pro-
fessor Radcliff’s presentation was entitled,
“‘Review of UCB Quadrilateral Socket and
Alignment Theory.”” Having been a member of
the Prosthetic Devices Research Project of UC
Berkeley in the 50’s and 60’s, Professor Rad-
cliff is still a strong proponent of the quadrilat-
eral socket. He presented a detailed review of
the history and development of the quadrilateral
socket and summarized this section of his pre-
sentation with the following comments. ‘‘The
net result of all of this work in the 1950—-1963
period was a better understanding of the com-
plex interrelationships between the functional
capability of the amputee, the rehabilitation
goals, the prosthetic components required in
the prescription, the gait of the amputee, the
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biomechanical forces generated, the socket
shape, and the alignment. The socket was no
longer described as a cross-section shape at the
ischial level, but rather a three-dimensional re-
ceptacle for the stump with contours at every
level which could be justified on a sound bio-
mechanical basis. . . . It should be emphasized
again that the quadrilateral type of fitting is not
just a socket, it is a complete system which in-
cludes the amputee as a most important compo-
nent. The socket is the interface between stump
and prosthesis, and its primary functions are to
provide for weight-bearing in the stance phase,
allow the use of the stump and hip musculature
to control motion and posture of the upper body
in the stance phase (Figure 1), and to provide
for control of the prosthesis in the swing phase
of walking."’

The next section of Professor Radcliffe’s
presentation focused on biomechanical and
alignment principles of a prosthesis with a
quadrilateral socket. Here he related his
feelings that many of the biomechanically re-
lated claims made by proponents of the newer
non-quadrilateral socket designs are equally at-
tainable in the quadrilateral socket if the orig-
inal biomechanical principles are followed.
‘‘Regardless of the fitting method employed,
the socket for any patient must provide the
same overall functional characteristics, in-
cluding comfortable weight-bearing, a narrow
base gait, and as normal a swing phase as pos-
sible consistent with the residual function avail-
able to the amputee after amputation. It is pos-
sible to provide this with a quadrilateral socket
and it is being done routinely in many facili-
ties.”” Professor Radcliffe went on to say, “‘In
most of the recent articles that I have read,
statements have been made which indicate
clearly that the author is comparing very poorly
fitted quadrilateral sockets to the results ob-
tained using the new technique. They show
diagrams of typical fittings and gait deviations
which can only be described as a complete list
of horror stories describing what not to do in
fitting a quadrilateral socket. Any prosthesis
with the problems listed in these articles should
never have been delivered. If the average pros-
thetist in the United States is having the
problems described by Long, Shamp, and Sa-
bolich, then I must suggest that something is
wrong with the methods being taught and used
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Figure 1. Biomechanical forces diagram, Above-
knee amputee weight-bearing in the stance
phase.!

in daily practice. I am aware that the schools
have made significant changes in the way that
the principles are taught, with each school em-
phasizing different aspects of the problem. I
suspect that there may have been a shift away
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from the fundamentals of teaching of overall
objectives, including the interrelationships of
amputee evaluation, components prescribed,
biomechanics, and why sockets are fitted with
particular contours.”’

Following Professor Radcliffe was Tim
Staats, Director of the UCLA Prosthetics Edu-
cation Program. Mr. Staats’ presentation was
on the ““UCLA CAT-CAM.”’ UCLA began
teaching CAT-CAM above-knee prosthetics
with a pilot course in March 1985, which in-
cluded both John Sabolich and Tom Guth as
course instructors. Mr. Staats made it clear that
the UCLA CAT-CAM philosophy of 1987 has
departed from that of Sabolich, Guth, et al. and
that the UCLA philosophy has now evolved to
the point where a third edition of a teaching
manual was published in March, 1987. To
quote Mr. Staats as he spoke about this new
manual, ‘‘the third edition of the UCLA CAT-
CAM Above-Knee Prosthesis teaching manual
integrates much additional material, covering
the anatomy/socket relationship and how this is
best achieved—material not yet fully under-
stood and synthesized at the time of preparation
of the previous edition. The UCLA CAT-CAM
above-knee socket is a variation of the CAT-
CAM design developed by John Sabolich,
C.P.O., and Tom Guth, C.P., and the NSNA
AK prosthesis of Ivan Long, C.P. Through
countless hours of literature search, discussion,
and intensive training given in this and nine
foreign countries, and through the results of
over 200 students who have fabricated and fit
over 1,000 sockets under the guidance of our
staff, a new insight has been developed. Our
staff has refined the techniques of measure-
ment, casting, and model modification to the
point where it is a clearly teachable and viable
above-knee fitting method. It is with great re-
spect that we continue to recognize the pub-
lished contributions of John Sabolich, C.P.O.,
Tom Guth, C.P., and Ivan Long, C.P., to the
development and evolution of the UCLA tech-
nique. We would hope that this manual cap-
tures, blends, and enhances their philosophies.
We recognize that our technique and CAT-
CAM evolved from NSNA and we hope that
these professionals can appreciate our efforts to
refine and further evolve their clinical approach
into a methodical step-by-step teaching
manual.”’
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The Skeletal M-L

The Soft Tissue M-L

Figure 2. UCLA CAT-CAM medial-lateral diam-
eter measurements.?

A

Figure 3. Ilio-femoral angle, as measured for
UCLA CAT-CAM.?
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At this point I will briefly review the high-
lights of the UCLA CAT-CAM sequence, be-
ginning with patient evaluation and measure-
ment and proceeding through model modifica-
tion and bench alignment. For the details, 1
suggest referencing the third edition of the
UCLA manual.

The recommended evaluation/measurement
protocol is very complete and detailed, cov-
ering many of the procedures with which we
should all be familiar. Adduction and flexion
analysis of the residual limb are emphasized.
Some new measurements and/or evaluations
are introduced and illustrated:

® Skeletal ML dimension, actually mea-
sured on patient (Figure 2)

® Soft tissue ML dimension, taken from
Ivan Long’s chart of circumferences and
related ML values (Figure 2)

® [lio-femoral angle, actually measured on
the patient (Figure 3)

® Public arch angle, evaluated by palpation
and captured in the wrap cast (Figure 4)

® Ischial inclination, evaluated by palpation
and captured in the wrap cast (Figure 5)

The wrap cast is taken with the patient in a
standing position, and all shaping of the cast is
accomplished by hand molding. The goal is
good definition and containment of the medial
and posterior aspects of the ischial tuberosity
and ischial ramus within the wrap cast and sub-
sequent socket, as well as allowance for the
pubic ramus to exit the socket near the midline
of the medial wall (Figure 6).

The initial trimlines for the resultant socket
are as follows:

1. Anteriorly, just proximal to the inguinal
crease. The anterolateral brim must clear
the superior iliac spine when the patient is
sitting.

2. Laterally, the brim extends approximately
3" above the trochanter. The final height
of this wall will be determined during fit-
ting.

3. Posteriorly, the trim line should begin at
least 1" above the level of the inferior
border of the ischial tuberosity. The curve
that defines the posterior to lateral trim
line normally begins at a point between
the lateral third and the midline of the
socket ML dimension at ischial level.
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Figure 4. The pubic arch angle, as evaluated for UCLA CAT-CAM.?

Figure 5. The ischial inclination angle, as evalu-

ated for UCLA CAT-CAM.?
Figure 6. Medial view of pelvis-socket relation-

ship, UCLA CAT-CAM.?

4. The medial proximal brim will be “V”’ the ischial ramus and tuberosity. (Figure

shaped, with the vortex of the “*V'’ lo-
cated at the point where the pubic ramus
crosses the medial wall. This trim line
projects upward from the vortex, posteri-
orly to encapsulate the medial aspect of
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6) A circumference reduction chart is
used to attain suction suspension. The
values used in this chart are slightly less
than those normally used in quadrilateral
suction sockets.
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For bench alignment, the following refer-
ences are used:

1. Posteriorly, bisect the socket at the level
of the soft tissue ML, this reference line
should fall as a plumb line to the center of
the heel.

2. Laterally, bisect the socket AP dimension
at ischial level, this reference line should
fall as a plumb line between 0" and 1" an-
terior to the foot bolt.

3. Socket is set in measured adduction, and
measured flexion plus 5°.

4. The distal aspect of the medial wall
should be on the line of progression.

5. The knee bolt is externally rotated 5°.

6. The top of the foot, as well as the pros-
thetic shank should lean medially 4°, or
alternatively, the socket is hyper-ad-
ducted 4° beyond measured adduction
with the foot parallel to the floor and the
shank perpendicular to the floor.

The UCLA CAT-CAM can be fabricated
using rigid socket or flexible socket techniques.
If a flexible socket or brim system is desired,
the proximal medial trimline in the ischial area
must be more aggressive during casting to
allow for the linear shrinkage factor known in
most thermoplastics.

A final comment: the manual reflects the ac-
cumulated experience of the UCLA staff and
includes a section on problem solving the diffi-
culties that might be experienced in the CAT-
CAM socket.

Next to speak was Gunther Gehl, C.P., Di-
rector of Prosthetic Education at Northwestern
University in Chicago. Northwestern has been
teaching the NSNA AK techniques of Ivan
Long for several years now, and it was Mr.
Gehl’s task to report to the workshop on NSNA
and Long’s Line. He said that he and his staff
taught NSNA as presented by Ivan Long with
no changes. Ivan has been fitting Long’s Line,
now known as NSNA, for more than 12 years,
and his approach has been consistent, with few
changes. Perhaps changing the name from
Long’s Line to NSNA in July, 1985 is the most
significant change. Mr. Long has published
three technical papers describing his technique:
“‘Allowing Normal Adduction of the Femur in
Above Knee Amputees,’’ (Orthotics and Pros-
thetics, December, 1975); ‘‘Fabricating the
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Long’s Line Above Knee Prosthesis,”” (1981);
and as a reprint of the Long’s Line article with
new title, ‘“Normal Shape-Normal Alignment
(NSNA) Above Knee Prosthesis,”” (Clinical
Prosthetics and Orthotics, Fall, 1985). These
articles were the basis for Gunther Gehl’s pre-
sentation to the International Workshop.

I will attempt to review and highlight the
NSNA philosophy as I did the UCLA CAT-
CAM. Again, within the limitations of this re-
port, this will only be an overview. With the
widespread availability of Ivan’s publications,
it does not seem necessary to go into details.

NSNA is less detailed regarding evaluation
and measurements, placing great emphasis on
the wrap cast, subsequent model modification,
and alignment, all based on Long’s Line,
which is defined as a straight line, starting ap-
proximately at the center of a narrow socket,
passing through the distal femur, and on down
to the center of the heel (Figure 7). Long’s Line
is not always vertical because it shifts con-
stantly when the amputee goes from a standing
position to a walking position.

The wrap cast is taken with the patient in a
standing position. The important points about
the wrap cast procedure are identification of the
ischium and proper alignment. The hand will
be held to indicate the medial and posterior sur-
face of the ischium, but not forward of the is-
chium. The amputee then adducts as tightly as
possible and extends his thigh to tighten the
hamstrings. At this point a lateral reference line
is established.

The resultant cast model is oversized and
will require considerable modification. Practi-
cally all modification will take place on the lat-
eral wall. Following is a brief description of
modification goals and resultant trimlines,
taken from Mr. Gehl’s presentation and from
Mr. Long’s publications.

1. The lateral wall is to be shaped to give
support over a wide area, and particularly
the lateral-posterior aspect of the socket.

2. The medial wall will be lower than seat
level, and the wrap cast will be the guide-
line as to how low.

3. Depth of the socket will be the same as
the measured length of the thigh.

4. The seat will be at a right angle to Long’s
Line.

5. Long’s Line is drawn from the center of
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Figure 7. Long’s Line.}

the seat level ML to the center of the
distal femur. The distal femur will be
very close to the lateral surface, probably
only covered by skin.

6. The top 1" of the medial wall will flare
outward at 45°.

7. The lateral wall extends above the tro-
chanter.

8. The ischium will bear on the flare of the
socket, both medially and posteriorly.

9. The cast is taken down in the ML as
though the trochanter does not exist. In
order to achieve the desired ML, many
casts will be reduced 2" or more. The de-
sired ML dimension is taken from Ivan’s
chart of ML values related to the thigh
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Figure 8. Table of M-L values determined from
circumference just below ischium, used in
NSNA.?

circumference just below the ischium
(Figure 8).

Circumference reductions for suction suspen-
sion begin at 1” of tension proximally, reducing
to %", then 2", with the remaining tensions at
Yo',

Mr. Long does not advocate use of an align-
ment device. Bench alignment is critical and is
based on Long’s Line. The center of the lateral
wall is marked at seat level for TKA and the
vertical reference line established during
casting should parallel the TKA line. Long’s
Line is marked on the posterior of the socket.
For the male, the socket is mounted with the
inner aspect of the medial wall (which follows
the pubic ramus angle) in 30° internal rotation
to the line of progression (the outer edge of the
medial trimline is on the line of progression),
and with the knee bolt axis 4° higher on the
lateral side. This is the same as adding 4° addi-
tional adduction to Long’s Line. For the fe-
male, the socket is mounted with the inner
aspect of the medial wall in 40—45° internal ro-
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Figure 9. NSNA socket shape and alignment dia-
gram, male and female.*

tation to the line of progression (again, the
outer edge of the medial trimline is on the line
of progression), and with the knee bolt axis 7°
higher on the lateral side (Figure 9). Mr. Long
emphasizes that it is not necessary to change
the alignment. When the amputee is allowed
time to adjust to the new prosthesis, then align-
ment changes will not be necessary.

Following Gunther Gehl was Daniel Shamp,
C.P.O., presenting, ‘‘The Shamp Brim, For
the Narrow ML Above-Knee Prosthetic
Socket.”” Mr. Shamp’s system of brim casting
and evaluation is currently the content of a spe-
cial short course offered by New York Univer-
sity’s Prosthetic and Orthotic Education Pro-
gram.

Long and Sabolich, as well as UCLA, advo-
cate that the hand casting technique is the most
successful in their experience with the narrow
ML, wide AP, or ischial-containment socket
for above-knee amputees. In response, Mr.
Shamp stated, ‘‘Experience with the Shamp
Brim system has proven to make the procedure
more uniformly successful and more easily
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Figure 10. Centralization of the femur, as pro-
posed by Dan Shamp for Narrow ML Socket.>

learned and applied by the practitioner who has
spent years working with the brim method for
quadrilateral socket casting and modification.”’
Mr. Shamp went on to present detailed biome-
chanical rationale for the narrow ML socket.
Biomechanical descriptions such as bony lock
on the ischium, ischial containment within the
socket, retention of normal adduction, etc., are
consistently relevant to Mr. Shamp’s socket
system, as well as all of the latest ischial-con-
tainment socket designs. Two noticeably dif-
ferent aspects of Mr. Shamp’s technique are (1)
the brim forming system itself, which allows
for evaluation of brim design under weight
bearing conditions before proceeding with the
wrap cast, and (2) what Mr. Shamp refers to as
centralization of the femur. To accomplish cen-
tralization of the femur, during the casting pro-
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cedure, the prosthetist pulls the distal medial
tissue in a lateral direction while stabilizing the
femur with the other hand by means of a 45°
force against the lateral shaft of the femur
(Figure 10). Mr. Shamp stated that this central-
ization procedure is essential to prevent a large
medial-distal bulge with resultant cosmetic
problems when the femur is maintained in a
position of maximum adduction in the AK
prosthesis.

Again, I will present an overview of the
Shamp Narrow ML technique, summarizing
from Mr. Shamp’s presentation and from the
“‘Manual for use of The Shamp Brim,’” which
was provided for the workshop attendees. This
manual was produced by Prosthetic Consul-
tants, Incorporated of Akron, Ohio in coopera-
tion with the Department of Prosthetics and Or-
thotics, New York University Post-Graduate
Medical School, and is published by the Ohio
Willow Wood Company.

The measurement and evaluation procedure
includes a careful observation and recording of
the characteristics, lengths, and circumferences
requested on the Narrow ML AK Information
Chart. Review of this information chart will
show the practitioner who is familiar with the
technique for the quadrilateral socket that only
a small number of measurements are different
for the Narrow ML socket. It is important to
note that three ML measurements must be
taken precisely as follows:

1) Distal Ischial Tuberosity (DIT): firm ML
measurement of the anatomy taken 1” to
2" distal to the ischial tuberosity (Figure
11).

Oblique ML (OB): firm ML measurement
taken from the medial side of the ramus
of the tuberosity to a point just superior to
the greater trochanter of the femur
(Figure 12).

Ischial Tuberosity ML (IT): firm ML
measurement taken from the medial
border of the ramus of the ischial tuber-
osity to the subtrochanteric area of the
femur (Figure 13).

2)

3)

The Shamp Brim, which is compatible with the
Berkley brim stand, is now set up and adjusted
to the patient’s measurements. As stated ear-
lier, the brim allows for weight-bearing evalua-
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Figure 11. Distal Ischial Tuberosity (DIT), me-
dial-lateral diameter measurement for Narrow
ML Socket.’

tion of the patient with regard to socket design
before the actual wrap cast is taken.

As with all of the ischial-containment socket
designs discussed at the Workshop, the location
of the ischial tuberosity in the socket is essen-
tial to both a comfortable fit and a stable femur
in maximum adduction. For the Shamp tech-
nique, the ideal location is %4" inside the me-
dial-proximal wall of the prosthesis and indi-
cates the area referred to as the IT ML measure-
ment. The medial wall has a 45° angle that
assists the wedge effect in stabilizing the femur
and so the location of the tuberosity on this
slope is important. The trimlines are similar to
both NSNA and the UCLA CAT-CAM, in-
cluding the low anterior wall with clearance for
the ASIS, the relatively horizontal posterior
wall, and the high lateral wall, which extends
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N

Figure 12. Oblique ML (OB), medial-lateral di-
ameter measurement for Narrow ML Socket.®

generously above the trochanter. Although, not
as exaggerated as the UCLA CAT-CAM, the
medial wall is lowered as it approaches the an-
terior wall, allowing for the pubic ramus to
pass from within the socket.

Alignment follows generally accepted quad-
rilateral alignment principles for TKA and knee
bolt external rotation. For alignment in the
frontal plane (posterior view, ML plane), Mr.
Shamp advocates the principles of Long’s Line.

Dr. Hans Lehneis, C.P.O., of the Rusk Insti-
tute of Rehabilitation Medicine was the next
speaker and his presentation covered work done
at the Rusk Institute and the New York Vet-
erans Administration. Dr. Lehneis and asso-
ciates are investigating anatomical, physiolog-
ical, and biomechanical characteristics of geri-
atric above-knee amputees in an attempt to

Figure 13. Ischial Tuberosity ML (IT), medial-
lateral diameter measurement for Narrow ML
Socket.’

develop a set of design criteria for geriatric
above-knee sockets. As this project is still in
the developmental stages, I will not elaborate
on this subject.

Following Dr. Lehneis was Ossiir Kris-
tinsson of Iceland. As the developer of the
flexible socket-rigid frame system, he was the
first to speak on flexible sockets. Mr. Kris-
tinsson reported that he was continuing devel-
opment of flexible sockets, including walls and
brims. He is conducting an extensive materials
search in hopes of finding the materials that
will make possible the ultimate flexible socket
design.

Mr. Kristinsson went on to say that we need
some simple definition of flexible socket char-
acteristics. ‘‘To label a socket as flexible, I
would say that you should be able to deform it
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by your hands, and the material should not be
elastic enough to stretch under the loads it will
be subjected to.”” Concerning flexible socket
design, Mr. Kristinsson stated, ‘‘When de-
signing a flexible socket system, the most crit-
ical aspect for the comfort of the wearer is how
the frame is designed. It has to be capable of
supporting the flexible socket, preventing per-
manent deformation, and the socket-frame
combination has to be structurally strong and
stable enough to counteract the reaction
forces.’” Mr. Kristinsson made a final, impor-
tant point: ‘‘There may be doubt among profes-
sionals and users about the value of the flexible
wall. I am, however, totally convinced that the
flexible socket is here to stay. If anything, I
think it will get more flexible as we gain access
to more suitable materials than we are using
today, and some obstacles on the way to proper
understanding of the socket-stump interaction
are overcome.’’

Continuing the flexible socket presentations
was Norman Berger of New York University’s
Prosthetic Orthotic Program. Mr. Berger’s pre-
sentation was the ISNY (Icelandic-Swedish-
New York) flexible socket design as taught by
NYU. Mr. Berger described the socket and
frame fabrication technique used in the ISNY.
Three interesting points are worthy of mention:

1. The flexible socket is fabricated with
polyethylene, which has a known
shrinkage factor.

2. The desired wall thickness of the flexible
socket is 60/1000".

3. Lateral distal support for the femur is not
provided for by the frame.

The final presentor on the topic of flexible
sockets was Charles Pritham, C.P.O. of Durr
Fillauer Medical Company. A co-author and
co-developer of Durr-Fillauer’s flexible socket
technique, Mr. Pritham described the biome-
chanical function of the flexible walled ischial-
gluteal bearing quadrilateral socket as follows:

1. Ischial/gluteal weight bearing;

2. Stabilization of the distal femur laterally;
3. Total contact; and

4. Flexible walls.

Note the mention of stabilization of the distal
femur laterally; this is provided for by the
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frame design of the Scandinavian Flexible
Socket. Mr. Pritham went on to say, ‘It will be
appreciated that the design is actually not fun-
damentally different, flexible walls aside, from
a similarly designed socket in the rigid walls.
Indeed one of the factors that undoubtedly has-
tened its acceptance was the fact that pre-
viously learned methods of casting and fitting
quadrilateral sockets were fully acceptable
when fitting a flexible walled socket. While the
advantages cited are formulated with the quad-
rilateral socket in mind, there is no reason to
suspect that they are significantly different
from non-quadrilateral above-knee sockets. In-
deed, flexibility is often considered by the de-
signers of one another of the various designs as
an integral factor in their success.”’

Mr. Pritham listed advantages of flexible
walled sockets as:

Flexible walls;

Improved proprioception;

Conventional fitting techniques;

Minor volume changes readily accommo-
dated;

5. Temperature reduction; and

6. Enhanced suspension.

b Lanba=

Indications for use of the flexible wall socket
are:

1. Mature stumps (where frequent socket
changes are not anticipated);

2. Medium to long stump (where a signifi-
cant portion of the wall will be left ex-
posed and flexible); and

3. Suspension is not a factor.

While the use of flexible wall sockets has
been well accepted, Mr. Pritham pointed out
that questions have arisen in at least three
areas.

Material

Both Surlyn® and low density polyethylene
(in a variety of types and name brands) have
been used successfully and each has its advo-
cates. Mr. Pritham and colleagues at Durr Fil-
lauer prefer Surlyn® for three reasons: clarity,
no shrinkage, and ease of rolling the edge.

Thickness

Originally socket walls of 30/1000" thick-
ness were specified, however, this proved to
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lack durability. Subsequently, thickness in the
neighborhood of 80—-90/1000" were specified
and are preferred. (Note: NYU prefers
60/1000".)

Frame configuration

At least three different configurations have
been described for quadrilateral sockets. The
differences center on the lateral wall and the
amount of support considered necessary for the
femur.

A variety of designs have been put forth in
order to achieve specific features in non-quadri-
lateral sockets, including the well known total
flexible brim.

Mr. Pritham concluded his presentation by
saying, ‘‘the crucial point would seem to be
that flexibility is independent of socket shape
and can be modified to provide specific design
features in a socket-frame system. The specific
configuration depends upon the prosthetist’s
experience and fitting philosophy and the needs
of the individual patient.’’

Rounding out the first day of presentations
was Dr. Robin Redhead, Senior Medical Of-
ficer at the Roehampton Limb Fitting Centre in
London. Dr. Redhead’s paper was entitled
‘‘Experience With Total Surface Bearing
Sockets.’” This presentation centered more on
weight-bearing distribution and biomechanics
than on socket design or shapes. Dr. Redhead
and associates maintain that regardless of
socket shape or design, well distributed
weight-bearing can eliminate the need for
single point, bony weight bearing (such as is-
chial weight-bearing). This system of well dis-
tributed weight-bearing was referred to as a
total-surface-bearing socket. It infers a hydro-
static type of socket fit utilizing the incom-
pressibility of the fluids in an above-knee re-
sidual limb.

This presentation brought a reaction from of
Professor Radcliffe, who doesn’t agree with the
hydrostatic concept of weight-bearing in pros-
thetics. He stated that ‘‘you need a closed
system for hydrostatics and the AK residual
limb is not a closed fluid system. With an open
fluid system, the fluids are pushed out.”’

There was considerable discussion on this
topic, both pro and con, and it was never re-
solved.
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Beginning the morning of the second day,
John Sabolich, C.P.O., from Oklahoma City,
and Glenn Hutnick, C.P., from New York,
presented another view of CAT-CAM. As
stated earlier, Tim Staats, C.P.O. reported that
the UCLA CAT-CAM is evolving indepen-
dently of the CAT-CAM technique of the orig-
inal developers.

Sabolich and Hutnick report that the original
CAT-CAM is continuing to evolve and de-
velop. Sabolich stated that, ‘it took five to six
years to develop the current medial wall de-
sign, which has become increasingly more ag-
gressive in enclosing and capturing the ischial
ramus.’’ They advocate use of the total flexible
brim. ‘“The key is the flexible brim system—it
is totally flexible in the proximal area, where
most patients complain.”” Aside from 100% use
of the total flexible brim, the Sabolich/Guth
CAT-CAM differs from NSNA and the UCLA
CAT-CAM by not advocating the 4° to 7° me-
dial lean of the foot, pylon, and knee bolt in
bench alignment as proposed by Long and
UCLA. John Sabolich went on to say ‘‘this ad-
ditional adduction or tilting of the knee bolt is a
cover-up for lost stability due to inadequate is-
chial containment.”” Mr. Long’s response was
that this was incorrect. Probably the most no-
ticeable aspect of design that separates the Sa-
bolich/Guth CAT-CAM apart from the other
recent ischial-containment designs is the earlier
mentioned aggressive capture of the ischial tu-
berosity and ramus. Sabolich claimed that they
are enclosing more and more of the ischial
ramus, as much as possible and still allow
pubic ramus comfort. This ramus enclosure
provides two biomechanical functions: (1) a
medial bony stop for ML stability, and (2) rota-
tional control, especially on soft fleshy residual
limbs. Other than these departures, the Sabo-
lich/Guth CAT-CAM differs very little from
the UCLA CAT-CAM, especially in terms of
brim shape, trimlines, and biomechanics. Sa-
bolich, unlike Long, does advocate the use of
dynamic alignment devices.

At this point in the Workshop, Professor
Radcliffe returned to the podium in an attempt
to present and clarify the comparative biome-
chanical principles of both quadrilateral and is-
chial-containment sockets. The following bio-
mechanical analyses are taken from Professor
Radcliffe’s discussion and from the paper he
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later submitted reviewing his presentations.

“‘It has been demonstrated that pressure
against the medial aspect of the pubic ramus
can be used to supplement the weight-bearing
on the tuberosity of the ischium and contribute
to medial stabilization in the upper one-third of
the above-knee socket. In taking advantage of
the weight-bearing potential on the medial
aspect of the ramus, the prosthetist is creating a
situation much like weight-bearing on the seat
of a racing bicycle. To prevent the ramus from
sliding laterally and downward into the socket,
the prosthetist must exaggerate the counterpres-
sure from the lateral side. This has been done
by a reduction in the M-L dimension particu-
larly in the area just distal to the head of the
trochanter. The soft tissue must be accommo-
dated. Therefore, the A-P dimension is corre-
spondingly increased as compared to the quad-
rilateral socket. As compared to the quadrilat-
eral fitting, the height of the anterior brim is
typically lowered and flared and the gluteal
area is filled in and fitted higher as a result of
the ischium being encased deeper into the
socket.”

““The medial brim of the socket must slope
forward and downward to the point where the
pubic ramus crosses the medial brim and
emerges from the socket. The ischial ramus
clearly is capable of providing medial counter-
pressure which supplements the medial pres-
sure on the adductor musculature. Since the
socket slopes downward and inward along the
entire medial brim, this contour is flared into
the medial wall of the socket, which gives the
impression of exaggeration of the medial coun-
terpressure in the upper one-third of the
socket.””

*“The adduction of the socket and the use of
lateral stabilization should not differ from that
achieved by a properly fitted quadrilateral
socket. There is an apparent exaggeration of
the modification of the lateral wall, but this is
primarily limited to the area just below the tro-
chanter where the M-L dimension has been re-
duced to insure that the encased pubic ramus
and ischium are maintained in the desired posi-
tion on the medial brim. The exaggeration of
the medial flare and reduction of the M-L di-
mension in the upper third of the socket leads to
the impression of a greater angle of femur ad-
duction, but the actual angle of the femur
should be similar in both types of fittings if the
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quadrilateral socket is properly fitted and
aligned.”

““Long’s Line as proposed by Ivan Long is
the anatomical axis of the lower extremity as
described in anatomy textbooks. Placing the fe-
mural stump in an advantageous position for
normal use of the hip musculature by adduction
and flexion of the socket has been a part of
good prosthetic practice for at least 40 years in
the United States and perhaps longer in certain
European centers. Mr. Long’s Line appears to
be most useful in the cast taking procedure and
subsequent modifications of the model rather
than have any fundamental bearing on the
alignment of the prosthesis. It appears to offer
no new concepts useful in the bench or dy-
namic alignment of the prosthesis.”

Professor Radcliffe told the Workshop at-
tendees that the use of ‘‘catchy names’’ should
be avoided, and he therefore proposed the ter-
minology of Ischial-Ramal weight-bearing
socket, as well as Ischial-Gluteal weight-
bearing socket.

Professor Radcliffe continued his biome-
chanical analysis by saying ‘“The biomechanics
of the ischial-ramal weight-bearing socket are
similar to the ischial-gluteal weight-bearing
quadrilateral socket. The major differences are
in the manner in which the ischium is main-
tained in position within or on the brim of the
socket. In each case, there must be vertical
support with a combination of lateral and ante-
rior counterpressure to maintain the ischium in
position’ . . . “*Some of the socket shape dia-
grams [ have seen published are so crude and
inaccurate as to be almost meaningless. The
level of the cross section shown is often not in-
dicated and a section at ischial level is some-
times compared to a section which is obviously
higher or lower.”” Professor Radcliffe then
sketched on the blackboard what he believed to
be a more accurate comparison with emphasis
on the three-dimensional shape both above and
below the level of the tuberosity of the ischium.
In each case, he showed a cross section of the
socket at, (1) ischial level with the medial wall
projected upward to this level; and (2) the out-
line of the highest points on the brim (Figures
14 and 15).

This concluded all presentations of current
fitting techniques. The remaining presentations
were concerned with evaluation techniques. Bo
Klasson of Een-Holmgren Company in Sweden
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Slightly distal to ischium and
trochanter

Over trochanter

Superior brim

Approximate location of the ischium with weight-bearing area cross-hatched.
Figure 14. Socket contours for an Ischial-Gluteal weight-bearing socket using the UC Berkeley Brims.S

Slightly distal to ischium and
trochanter

Over trochanter

Superior brim

Approximate location of the ischium with weight-bearing area cross-hatched

Figure 15. Socket contours for an Ischial-Ramal weight-bearing socket of the NSNA type provided by Ivan
Long.5
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presented on ‘‘Socket Fit With Reference to
Soft Tissue Force Transmission.’’ Briefly, Mr.
Klasson’s theory is that we should attempt to
design sockets with physical characteristics that
match the physical characteristics of the re-
sidual limb. In other words, where the tissues
of the residual limb are firm, so should the
matching area of the socket material be; where
the tissues are soft and flexible, so should the
socket be. Mr. Klasson refers to this as “‘sur-
face matching.”’

The next speaker was Professor George
Murdoch of Dundee, Scotland, presenting ‘‘A
Method for the Description of the Amputation
Stump.’” Professor Murdoch’s paper was based
on his premise that there is a need for an inter-
national classification system for residual limbs
to be developed in order to compare one publi-
cation with another, one patient with another,
one fitting technique with another.

The final presentation was made by A. Ben-
nett Wilson on ‘‘Physiological Monitoring
Equipment in Evaluation of Lower Limb Pros-
thetic Components and Techniques.”” He re-
ported on a system of physiological monitoring
originally developed by MacGregor of the Uni-
versity of Strathclyde in the 1970°s. Recently
modified for use by the University of Virginia
Division of Prosthetics and Orthotics, this
system consists of a compact tape recording
component worn on a waist belt that records
electronically, step count, walking velocity,
standing versus sitting, and heart rate, plotted
against time up to 24 hours. The tapes are then
analyzed by a special micro-computer program,
which subsequently prints the information in
digital and graphic format.

Under some circumstances the heart rate data
can be useful in providing an energy index, but
probably more importantly, the step count,
standing versus sitting, and velocity data pro-
vide specific information about the activity of
the subject. Mr. Wilson and colleagues have
recently developed a solid state device which is
less costly and more reliable. The new system
has 17 information gathering channels. Mr.
Wilson concluded by saying, ‘‘At this point,
we do not have sufficient experience to know
how many subjects have to be monitored and
how much data is needed to show significant
differences, but it certainly appears that at last
we have a breakthrough in instrumentation for
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evaluation of prosthetic devices and other treat-
ments involving the function of the musculo-
skeletal system.

With all presentations complete, the plenary
group was divided into six panels of six to nine
members with the following charges:

Determine similarities

Determine differences

What is the role of flexible walls?
Indications and contraindications
Recommendations for future action
a. Evaluation

b. Education

c. Application

e ol i

This first group of panels reported back on
Sunday morning. The reports were quite con-
sistent among the different panels. A synopsis
of these reports will be presented in concluding
this report.

On Monday, new panels were formed to re-
study the rationale for and possibly develop
protocol for evaluation. The reports from this
second group of panels was heard in plenary
session on Tuesday morning.

The meeting was adjourned Tuesday, May
19, 1987 at noon.

What follows here is a synopsis of the con-
clusions and recommendations of the panel re-

ports.

I. Similarities & Differences
A. Biomechanics
1. Ischial Containment:
a. similarities:

—all ischial containment sockets
advocate and utilize varying
degrees of ischial containment

b. differences:

—quads do not utilize ischial
containment

—ischial containment sockets,
amount of ischial containment

2. Weight Bearing Distribution:
a. similarities:

—ischial containment sockets,
combination of ischial tuber-
osity and ramus, and periph-
eral (soft tissue)
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b. differences:

—quads, ischial-gluteal weight

bearing
. ML Stability— maintenance of ad-
duction
a. similarities:

—goal of all AK socket systems

—greater success and mainte-
nance in ischial containment
sockets due to ischium acting
as bony stop or lock

b. differences:

—quad, soft tissue lock only, no
bony lock

—less successful maintenance of
adduction, thus less ML sta-
bility

. Socket Shape—ischial level cross
section
a. similarities:
—ischial containment sockets,
narrow ML, wider AP, con-
cave post-trochanteric shape
b. differences

—quad, wider ML, narrower AP
. Trimlines:
a. similarities:

—ischial containment sockets,
generally; especially anterior,
posterior, and lateral wall
trimlines

b. differences:
—quads, especially higher ante-
rior, lower posterior and lateral
wall trimlines
—medial wall of CAT-CAM
. Suspension:
a. similarities:

—all compatible with suction
b. differences:

—ischial containment sockets,
unclear about auxiliary suspen-
sion

. Alignment:
a. similarities:

—all but NSNA utilize alignment
devices

—ischial containment sockets,

—~Shamp Narrow ML & NSNA,
use of Long’s Line

—ischial containment sockets,
TKA bench alignment, socket
midline

b. differences:

—NSNA does not use dynamic
alignment device

—quad medial wall on LOP

—not all tilt knee bolt

—-NSNA, varying degrees of
knee bolt tilt, 7°, female, 4°,
male

—quad, bench alignment, more
stable TKA, T reference point
is located at posterior '3 of
socket

8. Rotational Control:

a. similarities:

—ischial containment sockets,
bony lock of Ischium and post-
trochanteric concavity

b. differences:

—quad, muscular-soft tissue

cross-section

B. Method of Obtaining Cast

a. similarities:
—quad and Shamp Narrow ML
utilize a casting brim
-UCLA CAT-CAM & Sabo-
lich/Guth CAT-CAM, hand
molding technique
—-NSNA & UCLA CAT-CAM,
standing
b. differences:
—CAT-CAM & NSNA, hand
molding technique
—Sabolich/Guth CAT-CAM,
sometimes cast lying down

C. Anatomical Considerations
1. UCLA CAT-CAM detail about

pelvic differences:
— ischial inclination
— pubic arch angle
— ilio-femoral angle

2. NSNA male, female alignment dif-

ferences:
— bolt tilt

medial wall not on line of pro- II. Role of Flexible Walls

gression — not linked to any one philosophy of de-
—-NSNA & UCLA CAT-CAM, signing an AK socket

tilting of knee bolt in bench — vital to the success of the Sabolich/Guth

alignment CAT-CAM
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— improved sitting comfort
— improved proprioception
— better heat dissipation

— improved muscle activity

— reduced weight

— ease of socket change within frame, no
loss of alignment

— enhanced suspension, if suction suspen-
sion

All participants agreed there is great need for improved
flexible materials.

III.

IV.

Indications and Contraindications

— there were no specific contraindications
noted for any socket design

— some advocated not changing successful
quad wearers

— quads are most successful on long, firm
residual limbs with firm adductor mus-
culature

— ischial containment sockets are more
successful than quads on short, fleshy
residual limbs

— ischial containment sockets are the
better recommendation for high ac-
tivity/sports participation/running

— lack of agreement on best recommenda-
tion for bilateral above-knee

Recommendations
The panels’ conclusions and recommen-
dations were remarkably consistent. Most
consistent was the recommendation for
improved terminology, lumping what I
have referred to as ischial containment into
a single, workable term. Suggestions
ranged from ‘‘Narrow ML’ to Ischial/
Ramus Containment (IRC) and Non-Is-
chial Containment (Non-IRC). Due to
time constraints, arguments about this rec-
ommendation were never resolved. It is
hoped that all recommendations can be ad-
dressed in a future workshop or through
some other form of action.
A. Evaluation
There was unanimous agreement for
formal evaluation of the newer above-
knee techniques (NSNA, CAT-CAM,

Shamp Narrow ML) as well as evalua-

tion of implications of the inferiority

of the quadrilateral technique.

1. A program for scientific/laboratory
evaluation should be set up at a
center or multiple centers, de-
pending upon resources. This study
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might include: cinematography,
force plate, motion analysis, gait
mat and other ‘‘gait lab’’ studies as
well as radiographical data on
alignment and containment, physi-
ological data, residual limb/socket
force analysis, and/or any other rel-
evant laboratory studies.

2. A program of clinical evaluation,
based on previous fittings and con-
tinuing fittings in clinics already
utilizing new fitting techniques.
This would be a more subjective
study, and would require a greater
effort for coordination and pooling
of data.

3. Complete manuals should be devel-
oped for each individual technique,
unless the developers can find it
mutually agreeable to work to-
gether and blend the new tech-
niques. The panels found the latter
option to be most desirable.

4. Evaluation should be independent
of the developers.

5. Any evaluation needs to be coordi-
nated by an authoritative group.
ISPO and/or the U.S. Veterans Ad-
ministration were recommended.
The American Academy of Ortho-
tists and Prosthetists should also be
involved.

6. Possible funding sources within the
states include the Veterans Admin-
istration and the National Institute
on Disability and Rehabilitation
Research (NIDRR).

. Education

The post-graduate, specialized
courses for experienced practitioners
appear to be most appropriate for
teaching these newer techniques at this
time. Incorporation into entry level ed-
ucation programs should follow as
well written, experience based
manuals are developed. Any teaching
course should include ‘‘hands-on’’,
patient contact, fitting, and manage-
ment as part of the curriculum.

. Application

The application of these new tech-
niques, while certainly not as wide-
spread and accepted as the quadrilat-
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eral technique, or even the flexible
socket technique, is occurring at this
time. Growing acceptance and appli-
cation will most certainly follow. It is
hoped that this workshop, as well as
future workshops, will aid in safe and
proper application of these and future
advances and developments in pros-
thetics.
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2 UCLA CAT-CAM Above Knee Prosthesis, Teaching
Manual, Third Edition, March 1987.
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5 Manual for use of THE SHAMP BRIM for the Narrow
ML Above-Knee Prosthetic Socket, The Ohio Willowwood
Co., 1987.

6 By Charles Radcliffe. Re-drawn by A. Bennett Wilson,
Jr.
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Calendar

Please notify the National Office immediately concerning all meeting dates. It is important to
submit meeting notices as early as possible. In the case of Regional Meetings, check with the
National Office prior to confirming date to avoid conflicts in scheduling.

1988

April 20-22, Hosmer Electric Systems Work-
shop, VoTech Institute 916, Minneapolis,
Minnesota. Contact: Catherine Wooten,
Hosmer Dorrance Corporation, 561 Divi-
sion Street, Campbell, California 95008;
(408) 379-5151 or (800) 538-7748.

April 11-12, AOPA Cost Accounting Sem-
inar, San Francisco Airport Hilton, San
Francisco, California. For more informa-
tion, contact: Bill Fancher, (703)
836-7116.

April 13, 14, 15, ‘“*Anatomical Design Socket
and Advanced Prosthetic Techniques,’’
Certificate CEC Course. Flexible AK/BK
& Narrow ML (CAT-CAM/NSNA equiva-
lent). Contact: DAW Industries, 5360 A
Eastgate Mall, San Diego, California
92121; 800-824-7192.

April 27, 28, 29, ‘‘Anatomical Design Socket
and Advanced Prosthetic Techniques,’’
Certificate CEC Course. Flexible AK/BK
& Narrow ML (CAT-CAM/NSNA equiva-
lent). Contact: DAW Industries, 5360 A
Eastgate Mall, San Diego, California
92121; 800-824-7192.

May 2-3, AOPA Cost Accounting Seminar,
Airport Marriott Hotel, Kansas City, Mis-
souri. For more information, contact: Bill
Fancer, (703) 836-7116.

May 4, 5, 6, AFI-ENDOLITE Prosthetic Cer-
tificate Course, ‘‘Endolite High Tech-
nology Prosthesis,”” Miami Lakes Inn &
Country Club, Miami, Florida. Contact:
Karen Hewitt, Registrar, AFI-ENDO-
LITE, 2480 West 82 Street, Hialeah,
Florida 33016; (305) 823-8300.

May 4, 5, 6, ‘‘Anatomical Design Socket and
Advanced Prosthetics Techniques,”” Cer-
tificate CEC Course. Flexible AK/BK &
Narrow ML (CAT-CAM/NSNA equiva-
lent). Contact: DAW Industries, 5360 A
Eastgate Mall, San Diego, California
92121; 800-824-7192.

ix

May 6-7, 6th Annual Prosthetics-Orthotics
Course, Clarion Hotel, Sacramento, Cali-
fornia. Sponsored by the Office of Con-
tinuing Medical Education, School of
Medicine, University of California, Davis.
For more information, contact: Office of
Continuing Medical Education, UC Davis,
School of Medicine, 2701 Stockton Blvd.,
Sacramento, California 95817; (916)
453-5390.

May 13-14, Academy Continuing Education
Conference 2-88 and New York State
Chapter Combined Meeting, ‘‘Current
Clinical and Technical Concepts in Lower
Limb Prosthetics,”’ Albany Marriott Hotel,
Albany, New York. Contact: Academy
National Headquarters, (703) 836-7118.

May 13-14, Charleston Bending Brace Sem-
inar, Park Suite Hotel. Contact: Melissa
Wetherell, P.O. Box 1070, Apopka,
Florida 32704-1070; (800) 327-0073.

May 13-15, AOPA Region IX, COPA, and the
California Chapters of the Academy Com-
bined Annual Meeting, Mission Hills Re-
sort, Rancho Mirage, California. Contact:
Lynn F. Crotto, (415) 621-4244.

May 16-20, ‘‘Fitting Procedures for Utah Arti-
ficial Arm and Hand System,’” 916 Vo-
Tech, White Bear Lake, Minnesota. Con-
tact: Harold Sears, Ph.D., 95 South Eliot,
#105, Chapel Hill, North Carolina 27514,
(919) 968-8492, or 1-800-621-3347.

May 18, ‘‘Graph-Lite Orthotics,”” Daw Indus-
tries Advanced Continuing Education
Seminar, Certificate CEC course. Contact:
Daw Industries, 5360 A Eastgate Mall,
San Diego, CA 92121; 1-800-824-7192.

May 18, 19, 20, AFI-ENDOLITE Prosthetic
Certificate Course, ‘‘Endolite High Tech-
nology Prosthesis,”” Miami Lakes Inn &
Country Club, Miami, Florida. Contact:
Karen Hewitt, Registrar, AFI-ENDO-
LITE, 2480 West 82 Street, Hialeah,
Florida 33016; (305) 823-8300.




May 19, 20, 21, “‘Anatomical Design Socket
and Advanced Prosthetics Techniques,’’
Certificate CEC Course. Flexible AK/BK
& Narrow ML (CAT-CAM/NSNA equiva-
lent). Contact: DAW Industries, 5360 A
Eastgate Mall, San Diego, California
92121; 800-824-7192.

May 19, 20, 21, ‘““Anatomical Design Socket
and Advanced Prosthetic Techniques,’’
Certificate CEC course. Flexible AK/BK
& Narrow ML (CAT-CAM/NSNA equiva-
lent). Contact: Daw Industries, 5360 A
Eastgate Mall, San Diego, CA 92121;
1-800-824-7192.

May 20-21 Freeman Orthotic Fitters Training
Workshop, Daytona Beach, Florida. For
more information, write: Freeman, Drawer
J. Sturgis, Michigan, or call Cameron
Brown, 800-253-2091.

May 23-24, AOPA Cost Accounting Seminar,
Logan Airport Hotel, Boston, Massachu-
setts. For more information, contact: Bill
Fancher, (703) 836-7116.

May 24-26, HIBCC '88: The Health Industry
Electronic Communications Conference,
Hyatt Regency Chicago, 151 East Wacker
Drive, Chicago, Illinois 60611. Contact:
Health Industry Business Communications
Council, 70 West Hubbard, Suite 202,
Chicago, Illinois 60610; (312) 644-2623.

June 1, 2, 3, AFI-ENDOLITE Prosthetic Cer-
tificate Course, ‘‘Endolite High Tech-
nology Prosthesis,”” Miami Lakes Inn &
Country Club, Miami, Florida. Contact:
Karen Hewitt, Registrar, AFI-ENDO-
LITE, 2480 West 82 Street, Hialeah,
Florida 33016; (305) 823-8300.

June 8-11, AOPA Regions II and III Com-
bined Annual Meeting, Trump Plaza Hotel
and Casino on the Boardwalk, Atlantic
City, New Jersey.

June 12-17, “*‘Matchmaker’’ Trade Delegation
to Belgium and the Netherlands. Spon-
sored by the Commerce Department and
co-sponsored by the Small Business Ad-
ministration. For more information, con-
tact: Denis Csizmadia, Project Manager,
US&FCS, Room 2118, Washington, DC
20230; (202) 377-8433/34.

June 14-18, AOPA Regions VII, VIII, X, and
X1 Combined Annual Meeting, Westin
Hotel, Seattle, Washington. Contact: Steve
Colwell, (206) 526-7944.

June 15, 16, 17, AFI-ENDOLITE Prosthetic
Certificate Course, ‘‘Endolite High Tech-
nology Prosthesis,”” Miami Lakes Inn &
Country Club, Miami, Florida. Contact:
Karen Hewitt, Registrar, AFI-ENDO-
LITE, 2480 West 82 Street, Hialeah,
Florida 33016; (305) 823-8300.

June 22-25, Convention of the Canadian Asso-
ciation of Prosthetists and Orthotists
(CAPO), Queen Elizabeth Hotel, Mon-
treal, Quebec, Canada. Contact: C.A.P.O.
Convention ‘88, 5713 Cote des Neiges,
Montreal, Quebec H3S 1Y7, Canada;
(514) 731-3378.

June 23-27, AOPA Regions V and VI and the
Academy Midwest Chapter Joint Educa-
tion Seminar, Pheasant Run, St. Charles,
Illinois. Contact: Cathy Ensweiler, CO,
(219) 836-2251.

June 25-30, International Conference of the
Association for the Advancement of Reha-
bilitation Technology, Palais des Congres,
Montreal, Quebec, Canada. Contact: Inter-
national Conference, 3631 Rue St. Denis,
Montreal, Quebec H2X 3L6, Canada;
(514) 849-9847.

July 13, 14, 15, AFI-ENDOLITE Prosthetic
Certificate Course, ‘‘Endolite High Tech-
nology Prosthesis,”” Miami Lakes Inn &
Country Club, Miami, Florida. Contact:
Karen Hewitt, Registrar, AFI-ENDO-
LITE, 2480 West 82 Street, Hialeah,
Florida 33016; (305) 823-8300.

July 15-16, Academy Continuing Education
Conference 3—88, ‘‘Clinical Practice Man-
agement— Ethical and Legal Consider-
ations,”” Vanderbilt Plaza Hotel, Nash-
ville, Tennessee. Contact: Academy Na-
tional Headquarters, (703) 836-7118.

July 16-17, ABC Board of Director’s Meeting,
Washington, D.C. Contact: ABC National
Office, (703) 836-7114.
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The following statement of Ownership,
Management, and Circulation is required by
USPS reg. 39 U.S.C. 3685:

September 30, 1987

Clinical Prosthetics and Orthotics (publica-
tion no. 07350090) is published quarterly by
the American Academy of Orthotists and
Prosthetists, 717 Pendleton Street, Alexan-
dria, Virginia 22314, for annual subscription
rates of $25 domestic, $30 foreign surface,
and $40 foreign airmail. The complete
mailing address of the headquarters of the
publisher is the American Academy of Or-
thotists and Prosthetists, 717 Pendleton
Street, Alexandria, Virginia 22314. The pub-
lisher is the American Academy of Ortho-
tists and Prosthetists at the address above.
The editor is Charles H. Pritham, C.P.O.,
% Durr- Fillauer Medical, Inc., 2710 Am-
nicola Highway, Chattanooga, Tennessee
37406. The managing editor is Sharada
Gilkey, % American Academy of Orthotists
and Prosthetists, 717 Pendleton Street,
Alexandria, Virginia 22314. The full name
and address of the owner is the American

Academy of Orthotists and Prosthetists, 717
Pendleton Street, Alexandria, Virginia
22314.

For the issues published in the last 12
months, an average of 3,416 copies of Clin-
ical Prosthetics and Orthotics were pub-
lished. Of these, 3,115 were distributed
through mail subscription—for a total paid
and/or requested circulation of 3,115. And
291 were disseminated as promotional or
otherwise free samples, to equal a total
average of 3,406 copies of each issue dis-
tributed. An average of 10 copies per issue
were used as office copies or otherwise not
distributed. For the issue nearest the filing
date, 3,382 copies were printed. A total of
3,080 were sent through the mail. There
were 285 distributed free as promotional
copies and for other uses, for a total distri-
bution of 3,365. There were 17 office
copies, spoiled copies, or otherwise unac-
counted copies.

I certify that the statements made by me
above are correct and complete.

Sharada Gilkey
Managing Editor
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