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EDITOR’S NOTE:

Clinical Prosthetics and Orthotics has undergone many changes
since 1984—a new format, an expanded subscriptions base, and a
greater number of the superior scientific, clinical, and philosoph-
ical articles that you've come to expect.

With this issue, as we begin our second decade, we continue the
evolution of C.P.O. with the inclusion of paid display advertising.
Some readers may fear that display ads will somehow compromise
our editorial integrity, or will infringe on the “purity’”’ of the
Academy and C.P.O. | personally find these statements bewildering,
as they imply that our focus has been diverted from publishing a
lively, educational quarterly to chasing profits. By accepting adver-
tising, we are admitting only that C.P.O. has outgrown its annual
budget allocation from the American Academy of Orthotists and
Prosthetists, and that precisely because the publication is making
an impact in the field, we must now find other sources for funding.
There is no better way for a publication to carry its own weight—
and justify its place in the literature—than by publishing adver-
tising from the suppliers within its profession.

The officers of the Academy and the Editorial Board of C.P.O. are
not entering into this venture without research and a good deal of
planning. Advertising will not be blindly accepted. The Academy
reserves the right to refuse to publish any advertising for any
reason, and that information is stated up front to our advertisers.

On a production note, some of our sharper readers may have no-
ticed a change in our paper stock, from a matte finish to a high
gloss. This will allow us to do more work with color in the future,
without affecting the readability of C.P.0O.

| am glad you are joining us for our second decade of publishing,
and | look forward to another year of stimulating articles and com-
mentary.

Charles H. Pritham, CPO
Editor
Clinical Prosthetics and Orthotics
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The Biomechanics of the Foot

by André Bahler

“‘The human foot is one of nature’s works
of art and as such, it has not yet been fully
recognized and explained. It will require a
deal of scientific investigation before this
structure is fully understood.”’

These words of the old master of ortho-
paedics, Georg Hohmann, from his book *‘Fuss
und Bein’’ are still applicable today. Thirty
years later, the biomechanics of the foot have
still not been completely explained, and there
are many questions yet unanswered.

The many, more or less articulated connec-
tions of the foot allow a variety of changes
which make it difficult to understand the move-
ment as a homogeneous process. Too many
factors can only be qualified, but not quanti-
fied.

Nor may we forget the reciprocal influence
of the position of the foot, knee, and hip joints.
Each change in the position of one of these
joints automatically involves a change in the
position of the other two joints.

For example, in the upright position, the
neck of the femur forms a posteriorly open
angle of approximately 20 degrees. This is de-
termined by the anatomical factors in relation
to the frontal plane of the body. The direction
of the axis of the hip joint corresponds fairly
accurately to the connection inner-malleolus/
outer-malleolus, which have an exterior rota-
tion of approximately 20 to 30 degrees in rela-
tion to the frontal plane. Consequently, there is
a conformity between the ankle axis and the hip
axis.

In the upright position, the knee is practi-
cally locked due to the automatic rotation and
so the position of this axis is of minor impor-
tance. When walking, the pelvis rotates ap-
proximately 20 degrees forward. As the lower
leg also rotates inwardly in relation to the upper
leg during flexion, the ankle axis rotates in-
wardly and the foot takes up a straight position
in the swing phase.

CHARACTERISTICS OF
THE FOOT

The foot has the characteristics of a triple
axial joint which allows it to assume any posi-
tion. The three main axes of movement con-
verge in the talus area (Figure 1). Particularly
during rotational movements to adapt the foot
to an uneven surface, all the joints are involved
to some extent; nevertheless, the ankle joint,

Figure 1.



Figure 2.

although formed as a hinge joint, forms the
main joint for locomotion.

According to Kapandji, the foot can be com-
pared architectonically to a vault, which is sup-
ported by three arches. Other authors criticize
this vault-concept on the basis that it is too
static. However, the vault-structure is very
meaningful as an aid to analyzing the foot in
general (Figure 2). The arrow shows the direc-
tion and position of the main weight, which is
first taken by the calcaneus (A) and then trans-
ferred to the forefoot: inside on metatarsal I (B)
and outside on metatarsal V (C). The front
transversal vault can also be understood as a
supporting construction: on the one side the
two corner stones (metatarsal I and metatarsal
V) and on the other side, the transverse vault
(metatarsal II, III, and IV). This construction
enables the forefoot to take a great amount of
weight and at the same time allows the foot to
adapt to uneven surfaces.

Furthermore, it can be seen that when the
feet are put together, the position of both cal-
canei can be regarded as a vault structure. The
position of the calcaneus together with a slight
valgus position serves to stabilize the body,
particularly during the walking motion of the
leg (Figure 3).

The Biomechanics of the Foot

Figure 3.

THE JOINTS

The joints themselves pose some problems.
Let us take for example the development of the
inclination of the trochlea of the talus, and the
distal tibial epiphyseal cartilage to the longitu-
dinal axis of the lower leg in the frontal plane
as described by Lanz Wachsmuth.

Figure 4.

Figure 5.
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Left in the infant and right in a two year old
(Figure 4), it can be seen that the axes of the
ankle joint and the talo-calcaneonavicular joint
and that of the epiphyseal cartilage are devel-
oping. In the 12 year old, left, and in the adult,
right, the axis becomes horizontal during
normal growth process, stabilizing the support
system of the foot (Figure 5). The changes in
the various process-, movement-, and develop-
ment-axes of the ankle during the development
of the child are probably one reason for the
controversial views over the biomechanics of
the foot.

Biomechanically we are interested in the
joints, and in particular, those used when
walking.

The Ankle Joint

The ankle joint (Figure 6) is of particular im-
portance, because in at least one direction it se-
cures a movement without which it would be
impossible to walk. This joint could also be de-
scribed as a hinge joint with a diagonal axis of
rotation, which allows a movement of about 20
degrees up and down. This inclination of the
ankle joint certainly contributes to stability
when carrying weight and can only be fully un-
derstood when considered in connection with
the talo-calcaneonavicular joint.

flexion plantaire

axe le I'articulation
sus-astragalienne

flexion dorsale

supination

pronation

abduction adduction

axe de la jambe

axe longitudinal
du pied

Figure 6.

The Talo-Calcaneonavicular
Joint

The movement of the talo-calcaneonavicular
joint is decidedly more difficult to understand.
Whereas the axis of the ankle joint can easily

be defined, the axis of the talo-calcaneonavic-
ular joint is drawn obliquely from lateral pos-
terior to medial anterior. It is surprising that
both articular surfaces of the talo-calcaneona-
vicular joint are congruent only in the mid-po-
sition. An incongruence develops between the
two articular surfaces by both eversion and in-
version. This incongruence cannot be main-
tained for long periods when carrying weight.

The ankle joint and the talo-calcaneonavic-
ular joint must be regarded as a functional
unit. The possible movements of these two
joints can be compared to a spheroid joint
which can be moved freely within its range of
motion: flexion, supination, pronation, abduc-
tion and adduction which in some respects cor-
responds to a rotation.

Chopart’s Joint

The talo-calcaneonavicular joint, comprising
the talus and the navicular, and the joint which
is formed from the calcaneus and the cuboid,
together all form a sort of working unit. These
two joints comprise Chopart’s joint which
allows a rotational movement of the fore-foot.

Lisfranc’s Joint

The Lisfranc joint is a collective joint where
the three cuneiform bones and the cuboid bone
on the one side, and the five metatarsal bones
on the other side, are united to form an articular
connection. The small deflectionary movement
can be described as in an obliquely situated
hinge exhibiting dorsal and plantarflexion.

The Chopart and the Lisfranc joints are con-
nected by taut ligaments so that there is hardly
any friction between them. They serve pri-
marily to give elasticity to the foot during pres-
sure and allow it to adapt better to uneven sur-
faces.

The Transversal Anterior Vault
of the Foot

From metatarsal I to metatarsal V, the meta-
tarsal bones form an oblique arch (Figure 7).
This arch tends to drop due to excessive pres-
sure, which can partly be attributed to walking
on level ground. This ‘‘even’’ walking, which
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Figure 7.

always puts pressure on the same points of the
foot, leads to over-exertion of the individual
metatarsal heads.

The Toe Joints

The toe joints are limited spheroid joints.
That is, they are capable of sideways move-
ment within certain limits, but are primarily in-
tended as hinge joints with movement upwards
and downwards.

THE LIGAMENTS

It is known that the structure of the foot is
held together with muscles and ligaments.
These ligaments are so constructed as to be able
to withstand the extreme pressures exerted on
the foot (long jump and high jump).

THE MUSCLES

Long and short muscles hold and move the
foot. If one of the muscles gives way, it is im-
mediately visible from the gait how important
the interaction of each muscle group is for lo-
comotion. However, descriptive anatomy is not
the theme here and so a further discussion of
this aspect must be omitted.

THE MECHANICS OF
DEPRESSION OF THE FOOT

Experience has shown that not every valgus
of the calcaneus results in an equivalent drop of
the longitudinal vault.

The talipes valgoplanus is a collective term
for different inadequacies which arise when the
foot is under pressure. These can be classified
according to different characteristics: (Figure 8)

11

Figure 8.

1.
2
3:
4.
5.

The pronation position of the calcaneus;
Inward rotation of the ankle joint;

A forward and inward drop of the talus;
Abduction of the fore-foot; and
Supination, i.e., a turning upwards of the
first metatarsal.
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Figure 9.

These five basic characteristics of the talipes
valgoplanus lead to a variety of outward mani-
festations, which must be taken into considera-
tion when deciding on a course of action. This
wide variety is one reason why the kinematics
of the foot eludes an exact biomechanical and
mathematical analysis.

When pressure is applied in valgoplanus, the
calcaneum gives way but the fore-foot remains
flat on the ground, regardless of the extent of
the flexion. Congenital and ischaemic valgo-
planus are exceptions to this but they are not
included in the discussion here (Figure 9).

Between the calcaneus, rear-, and fore-foot
there is a distortion or rotation. If pressure is
removed from the foot, the calcaneus falls into
a vertical position, but the fore-foot then rotates
to the same degree. Consequently the position
of the rear-foot relative to the fore-foot remains
a constant deformity (Figure 10).

What then is the role of the shoe in the
standing position and swing-phase? In the

12

Figure 10.

standing position, more pressure is exerted me-
dially on the rear part of the shoe (the counter
and the heel), depending on the extent of the
valgoplanus. However, the front of the shoe re-
mains flat on the ground regardless of the ex-
tent of the deformity.

In the swing-phase, the distortion between
the fore- and rear-foot influences the alignment
of the shoe. If the heel is too big or badly fit-
ting, the fore-foot dictates the position of the
shoe and as a result there is an unwanted de-
flection of the heel of the shoe from the heel of
the foot.

This means that the heel-strike is lateral and
as pressure is exerted, it then turns inwards and
adapts to the surface whereby it has returned to
the original standing position. The distortion
between the fore- and rear-foot, combined with
an inadequate heel counter, produces a poten-
tial risk of injury. A stone on an inclined sur-
face can easily lead to a strained joint (Figure
11). This phenomenon is particularly signifi-



Figure 11.

cant for sportsmen and joggers who train in
open country. After suffering such strains, the
fear of further injury can hinder training.

DEFORMITY OF THE
FORE-FOOT (TALIPES
TRANSVERSOPLANUS)

During growth, there is a slight biomechan-
ical change in the lateral metatarsal arch. The
first metatarsal rotates pronatorally and this
leads to a greater arching in adults.

Congenital ligament or tissue weakness can
cause this lateral arch to flatten under pressure
and so result in a broadening of the fore-foot.
Here, the length of the various metatarsal bones
compared to the different patterns of pressure
exerted on the fore-foot is of significant impor-
tance. Depending on the type of foot, the first
or second metatarsal will be under greater pres-
sure depending on which is the longer of the
two. Instability between the fore- and rear-foot

The Biomechanics of the Foot

can also result if the inclination between meta-
tarsal one and metatarsal five is too great. This
type of foot tends to tilt sideways during the
propulsion process of walking.

In the case of the high-arched foot, the angle
between the metatarsal and the ground in-
creases, resulting in a greater load to the indi-
vidual metatarsal heads.

THE SHOE

From a biomechanical point of view, the
shoe plays a significant part in the process of
walking and standing. The height of the heel as
well as the thickness of the sole greatly influ-
ence the conveyance of the weight and conse-
quently influence locomotion itself. This
sphere of influence must be duly considered,
particularly in cases of static deformity. A
build-up of the shoe, i.e., constructing a rocker
bottom must be compensated for at the heel,
otherwise the relationship between the heel-
height and sole-thickness in the front of the
shoe will be disturbed, thus having a negative
effect on the roll-over process (Figure 12).

Figure 12.
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CUSHION-HEEL

The attachment of a cushion-heel also
changes the roll-over process in that it acts as a
shock absorber at heel strike and at the same
time increases the roll-over (Figure 13).

Figure 13.

HEEL-TO-TOE-ROLL FOR
THE WHOLE SOLE

A heel-to-toe roll sole can be attached to the
shoe to protect the ankle joint and Chopart’s
joint. Measured radially from the knee, this
allows a complete roll of the foot (Figure 14).

Figure 14.

14

THE USE OF INSOLES

The insole and the shoe must form a unit
with the level ground. Whether the foot is neu-
tral, in pronation or supination, is of no signifi-
cance.

When insoles are made of solid material,
their length and shape are important. It is of
particular importance with handicapped pa-
tients that the insoles are kept somewhat longer
in order to reduce the risk of tilting sideways.
This pronatory support, especially in the fore-
foot region, gives the patient a feeling of secu-
rity.

The correction of the talipes valgus should
be differentiated from the correction of the tali-
pes varus. With talipes valgus, the rear of the
foot should be supinated and the fore-foot
pronated in order to achieve a rotation of the
foot. With talipes varus, this is not possible.
Here, the whole foot must be pronated, i.e., the
rear- and fore-foot must be included in an ho-
mogenous correction.
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The Neurophysiological

Ankle-Foot Orthosis

by Cyndi Ford, P.T.
Robert C. Grotz, M.D.

Joanne Klope Shamp, C.P.O.

Since the late 1960’s when Yates' and
Lehneis? wrote the first articles pertaining to
the use of plastics, orthotic practice has been
revolutionized by the design possibilities af-
forded by total contact devices. However, pre-
scription of lower extremity orthoses for neuro-
logically involved patients has traditionally de-
pended solely upon biomechanical principles
even as neurophysiological approaches to treat-
ment gained recognition and acceptance. Neur-
odevelopmental Techniques (NDT) were devel-
oped as a theory of Karl and Berta Bobath and
evolved to ‘‘a sensorimotor approach to control
motor output and in doing so change sensory
input.’’3 Handling techniques which counteract
patterns of abnormal tonic reflex activity re-
duce spasticity and allow facilitation (activa-
tion) of normal postural reactions through stim-
ulation of key points of control, which include
points on the foot and ankle. Recent advances
incorporating neurophysiological principles of
inhibition and facilitation into the design of
ankle-foot orthoses make possible tone-re-
ducing devices with specific areas of pressure
or contact to inhibit abnormal hypertonicity.

Eberle, Jeffries, and Zachazewski* recently
reported success with an inhibitive AFO, a
concept that was not feasible with metal or-
thotics. Their report stated that *‘the technique
of fabrication used for the construction of a
molded polypropylene AFO allows for all of
the tone-inhibiting characteristics of casting
. . . to be built into the AFQO.”’
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Although tone-reducing AFO’s inhibit ab-
normal hypertonicity in the affected lower ex-
tremity, the disadvantages inherent in tradi-
tional AFO’s persist. Limited ankle dorsi-
flexion and plantar flexion, create a negative
influence upon independent knee and hip func-
tion. Floor reaction forces intended to prevent
the typical hemiplegic knee recurvatum during
stance phase also contribute to increased effort
and decreased smoothness in gait. Tonic foot
reflexes elicited by contact on the plantar sur-
face of the foot as a means to facilitate normal
movement are disregarded.

In an effort to address these gait concerns, an
orthosis was designed based upon the neurode-
velopmental concepts as described by Bobath’
and Utley®, and the foot reflexes as described
by Duncan and Mott” with the following con-
siderations in mind:

1. A design configuration intended to utilize
both biomechanical principles to limit
calcaneal varus and neurophysiological
principles (of facilitation and inhibition)
to obtain dynamic ankle dorsiflexion and
plantar flexion.

2. Selection of a material with adequate
flexibility, durability, and shape retention
under conditions of continual deforma-
tion during ambulation.

3. Ease of donning for the one-handed pa-
tient.
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DESIGN RATIONALE

The Neurophysiological Ankle-Foot Orthosis
(NP-AFO) is a custom polypropylene device,
vacuum-formed over a plaster model of the pa-
tient’s affected lower extremity (Figure 1).
Within the total contact design are incorporated
the following forces:

1. A three-point pressure system to biome-
chanically control calcaneal varus (Fig-
ure 2).

2. A biomechanical force medial to the
achilles tendon to counterbalance and
prevent excessive pronation and rotation
of the orthosis in the shoe (Figure 3).

3. A neurophysiological force on the medial
aspect of the calcaneus, extending to the
plantar surface of the longitudinal arch
without creating pressure under the navi-
cular itself (Figure 3). This facilitates
straight plane dorsiflexion.

4. A neurophysiological force on the lateral
aspect of the plantar surface of the foot
(Figures 4 and 5) to facilitate the eversion
reflex (peroneals) and recruit more prox-
imal controls (vastus lateralis and gluteus
medius) for knee and hip stability as dis-
cussed by Duncan8. The amount of dorsi-
flexion assist may be graded by adjusting
the width of the segment joining the heel-
cup and the metatarsal arch (Figure 5).

Lateral
to the
Achilles
Tendon

Figure 1. Figure 2.

5. A neurophysiological force to inhibit the
toe grasp reflex (toe flexors and gastroc-
nemius-soleus) by unweighting of the
metatarsal heads through use of a meta-
tarsal arch (Figure 6).

6. Biomechanical function through flexi-
bility of the foot and ankle due to the
trimlines and configuration of the plastic
NP-AFO (Figures 7 and 8).

PRESCRIPTION
RATIONALE

The NP-AFO is designed for use in the treat-
ment of the patient with a central nervous
system disorder, such as a cerebral vascular ac-
cident or closed head injury. Assessment
should include analysis of the individual’s tone
or spasticity, range of motion, and the avail-
ability of follow-up by members of the clinic
team familiar with a neurophysiological ap-
proach to care. Spasticity has been classified as
minimal, moderate, or severe in terms of func-
tion of the foot and ankle during gait.® Minimal
spasticity allows the patient to land on a stable
calcaneus without excessive supination of the
forefoot and then shift the body weight over the
heads of the metatarsals, although during swing
phase the foot assumes a varus or supinated
posture. Moderate spasticity causes the cal-
caneus to assume a position of varus with ex-

Medial
aspect
of calf

Medial
aspect
of cal-
caneus

Figure 3,
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Figure 6.

Figure 7. Medial view, left foot. Figure 8. Lateral view, left foot.
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Figure 9. Toe separators fabricated from Plastazote®
with a Moleskin® cover and toe extension.

Figure 10. Toe separators in place under the toes.

Figure 11. Superior view showing tabs to hold in place
under sock.
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cessive supination at initial contact; however,
during midstance some pronation occurs and
the body weight can again be transferred nor-
mally across the forefoot. Severe spasticity is
characterized by the foot and ankle being held
rigidly in a position of equinovarus throughout
stance so that the body weight remains on the
lateral aspect of the forefoot with little or no
weightbearing through the heel or medial meta-
tarsal heads. This varus position persists
throughout swing phase also.

Patients exhibiting minimal or moderate
spasticity are excellent candidates for the NP-
AFO. Patients with severe spasticity are candi-
dates only if their tone can be modified through
handling techniques and/or inhibitive casting.
The use of toe separators (Figures 9,10,11) as
an adjunct treatment is also effective in patients
with a separate toe grasp reflex to inhibit excess
tone and reduce pain.® In order for the NP-AFO
to function appropriately, the patient must have
at least 15 degrees of passive dorsiflexion with
the knee in flexion.

Follow-up by a clinic team familiar with the
device is important to monitor the continued fit
and function. With most AFQO’s the major con-
cern may be skin breakdown. However, with
the NP-AFO the change in fit due to edema,
weight loss, or tone variations may require
modifications to maintain the critical areas of
contact.

Contraindications for this device are severe
spasticity which cannot be modified through in-
hibitive casting or handling techniques, and
early excessive pronation or calcaneal valgus
with the foot pronated at initial contact of
stance.

CLINICAL EXPERIENCE

The NP-AFO has been prescribed for 35 pa-
tients with the following diagnoses: 29 Cerebral
Vascular Accidents (CVA), 4 Closed Head In-
juries (CHI), 1 Cauda Equina Injury, and 1 un-
diagnosed Demyelinating Disease. Although
three patients were lost to follow-up, the NP-
AFO has continued to be worn by the re-
maining 32 with overwhelming acceptance
which seems to be attributed to the comfort and
function of the device. Of the four patients
converted from traditionally designed orthoses
(2 metal, 2 plastic AFO’s), three have im-




proved gait patterns and prefer the NP-AFO to
their previous device. The fourth has rejected
orthotic care due to refusal to adapt footwear
from inappropriate styles with 214" heels. Four
patients became independent ambulators
without the use of any orthotic device.

FABRICATION

Polypropylene was chosen as the thermo-
plastic currently exhibiting the best confor-
mance to the desired qualities, when used in the
fabrication process described.

CASTING PROCEDURE

The casting technique is similar to that de-
scribed in Lower Limb Orthotics, A Manuall0
and is a procedure commonly used by certified
orthotists. The cast must be taken in a position
of maximal dorsiflexion, preferably 20 de-
grees. The calcaneus, midfoot, and forefoot
should be in a neutral position. It has been our
experience that tone-reducing handling activi-
ties performed by a physical therapist just prior
to casting will help assure an optimal position.
These activities include forefoot, midfoot, and
hindfoot mobilizations as taught by Jan Utley.6

The cast is removed upon hardening and
filled with plaster to create a positive model for

Figure 13.

Figure 12.
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use in vacuum-forming of the orthosis. The
positive model is now ready for modifications
to create the necessary biomechanical and neu-
rophysiological forces.

MODIFICATION OF THE
POSITIVE MODEL

As the key to function of the orthosis is se-
lective inhibitive and facilitative forces, accu-
rate cast modification is essential. Plaster re-
moval is performed in the following areas to a
depth of 0.5 to 1 cm. depending upon the com-
pressibility of the patient’s extremity. These
modifications must be sufficient to provide a
very firm force to the skin as designated.

1. Medial and lateral to the achilles tendon
using a Scarpa’s knife to deeply groove
the modification (Figure 12).

2. Medial aspect of the calcaneus extending
to the plantar surface of the longitudinal
arch without creating pressure under the
navicular itself that would stimulate mid
and forefoot supination (Figure 13).

3. Along the lateral plantar surface of the
mid- and forefoot, excluding the base and
head of the fifth metatarsal (Figure 14).

Figure 14.
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Figure 15.

4. Create a metatarsal arch 6mm. proximal
of the metatarsal heads for the inhibitive
function of unweighting the metatarsal
heads and thereby reduce tone (Fig-
ure 6).

5. Smooth entire cast.

If an accurate negative cast and posi-
tive model were created, no further modi-
fications are necessary.

VACUUM-FORMING
PROCESS

Leather, nylon, or rope cording is applied
to the cast (Figures 15,16,17) to create
strengthening corrugations in the orthosis after
molding.

A separating agent or material is used be-
tween the positive model and the hot plastic to
create adequate vacuum and to leave a smooth
inner surface. For our drape-forming process
one layer of perlon with one layer of ladies’
nylon knee-high stockings are applied and
smoothed with talc. Stress-relieved %" poly-
propylene is then drape-formed under vacuum
to the positive model and allowed to cool for 24
hours.
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Figure 17.

TRIMLINES

The orthosis is removed from the positive
model using a cast cutter and is sanded to finish
according to the following trimlines:

1. Overall height of the orthosis is equal to
the distance from the plantar surface of
the calcaneus to the flare of the achilles
tendon as it meets the gastrocnemius-
soleus group, multiplied by 2. An
average overall length for a 175cm. (5'9")
adult is 25.5¢cm. (107).

2. Length of the plantar extension is termi-
nated 6mm. proximal to the metatarsal
heads for comfort.

3. The lateral trimlines (Figure 18) come as
far anterior as possible and still allow
passage of the leg into the orthosis. The
posterior trimline (Figures 18 and 19) ap-
proaches the lateral margin of the achilles
tendon, but may require modification to
prevent a bowstring effect by the heel
counter of the shoe against the NP-AFO.

Note that flexibility is enhanced by the
narrowing anteriorly and posteriorly as
the lateral side meets the heelcup.

4. The achilles tendon is left exposed to the
point of flare with the gastronemius-
soleus (Figure 19).
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Figure 20. Figure 21.
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5. The medial margin is trimmed so as to
provide the appropriate forces and yet
avoid contact on the medial malleolus and
under the navicular. The open area pro-
vides for lack of resistance to dorsiflexion
and plantar flexion (Figures 20 and 21).

6. The plantar extension (Figure 21) may be
varied in width depending upon the size
of the patient and flexibility desired, but
as it serves only to join the metatarsal
arch to the heelcup, it should remain as
flexible as possible. The distal aspect, in-
cluding the metatarsal pad, should span
the distance between the shaft of the first
metatarsal and the extreme lateral margin
of the foot to allow maximum facilitation
of the eversion reflex.

A full " Plastazote® liner is glued to the
inner surface of the orthosis, with the exception
of the areas contained by the patient’s shoe to
allow ease of donning the same size shoe pre-
viously worn by the patient. A Velcro® strap of
2" width is applied to the proximal anterior
calf. A lace-tied or Velcro®-closed shoe is rec-
ommended to maintain the critical fit of the
NP-AFO.

DISCUSSION

The movement allowed by the NP-AFO en-
courages dynamic control of the entire lower
extremity. When sitting, normal weight-
bearing attitude can occur with the foot re-
maining in full contact with the floor
throughout a full range of knee flexion. Anal-
ysis of the normal movements of the ankle
during elevation from a chair has revealed to us
that the ankle begins in dorsiflexion and con-
tinues to dorsiflex during the initial phase of the
elevation before plantar flexing to a relatively
neutral position. Devices which eliminate this
normal range of dorsiflexion necessarily re-
quire a patient to work over an abnormal base
and make difficult active weight-bearing during
elevation. The ability to assume a normal
weight-bearing surface in a position of power
as allowed by the NP-AFO encourages weight-
bearing on the affected extremity throughout all
activities of daily living.

Further, dynamic control of the pelvis and
knees are encouraged during ambulation by
eliminating floor reaction forces inherent in
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other AFO’s. Without these abnormal forces,
the patient experiences the normal movement
of the pelvis and knee over the foot, allowing
development of a propulsive toe-off with the
NP-AFO.

Progressing from use of the NP-AFO to
being independent of assistive devices is more
feasible, as the patient has the opportunity to
gain control of muscles through the normal
range of movement.

SUMMARY

The adequacy of traditional AFO’s to pro-
vide a safe, functional gait pattern is irrefut-
able. However, experience with patients who
sustained a CVA five to fifteen years ago and
received a traditional metal or plastic AFO re-
veals they now present problems related to
overuse of the sound side: the pathomechanics
resulting from a rigid ankle and/or increasing
hypertonicity from abnormal weightbearing
patterns. As more patients have increased life-
spans following a CVA, treatments and orthotic
care which assure prolonged quality of life be-
come increasingly important. Neurophysiolog-
ical treatment attempts to do this through em-
phasis upon normal movement patterns and in-
tegration of the affected and unaffected sides.

The NP-AFO is a biomechanically and neu-
rophysiologically effective ankle-foot orthosis
that is appropriate for creating a functional gait
in the patient with a central nervous system dis-
order. The design allows for independent mo-
tion at the ankle, knee, and hip joints in a light-
weight and cosmetic custom-made orthosis.
The NP-AFO joins the inhibitive cast and other
neurophysiological armamentarium in new ap-
proaches to the rehabilitation of the spastic or
hypertonic patient.
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The Use of the AFO and PTB Orthoses
for Severe Pes Planus

by Gustav Rubin, M.D., F.A.C.S.
Malcolm Dixon, M.A., R.P.T.

When the severely deformed pes planus foot
is rigid, the deformity fixed, and the arch to-
tally dropped, to provide the patient with a
conventional molded arch *‘support’” is an ex-
ercise in futility. Placement of a shoe insert
under the non-existent long arch cannot prevent
further dropping on weight-bearing if the talar
head is already in contact with the floor and the
intertarsal joints are immobile.

It is the purpose of this paper to report the
use of the Ankle Foot Orthosis and Patellar
Tendon Bearing Orthosis for such a situation.

Because it would not be feasible to attempt
to raise the arch of a rigid foot with an orthosis,
the authors decided to employ an orthosis to
decrease stresses on the foot and ankle by
transferring push-off forces to an AFO.! This
was to be accomplished by fabricating the
orthosis with a solid ankle and modifying the
shoe to incorporate a long steel spring and a
rocker bar. Since it was anticipated that this ap-
proach might not provide adequate relief, it
was considered that the next procedure would
be to introduce partial unweighting with a Pa-
tellar Tendon Bearing Orthosis.2 This would
also be fabricated with a solid ankle and in-
clude a shoe with a long steel spring and a
rocker bar.

CASE REPORT

B.L., age 62, was initially referred to the
VA Prosthetic Center on June 14, 1982, with a
history of painful feet since World War II,
which had become worse in recent years. The
patient stated that ‘“‘my feet are going to col-
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lapse and I can hardly walk and barely make it
when I stand and walk.’” He had a cerebral vas-
cular accident on January 18, 1982, but had
made an almost complete recovery. There was
also a history of aortic valve insufficiency and
gout. The patient was receiving coumadin, in-
deral, digoxin, and allopurinal for his medical
problems. He had not had relief of his foot pain
from arch supports in the past.

On examination there was noted medial
downward dislocation of the talar heads, ab-
duction of the forefeet, absence of the long
arches, marked restriction of joint motion,
marked splaying of the forefeet and severe
hallux valgus, bilaterally (Figure 1). The dor-
salis pedis and posterior tibial arteries were pal-
pable.

Figure 1. The severe bilateral pes planus noted when
patient was first seen at VAPC.

X-Rays confirmed the clinical findings of se-
vere pes planus and hallux valgus bilaterally.
The patient’s private orthopedic surgeon had fit



Figure 2. Orthosis prescribed by patient’s private or-
thopedic surgeon.

Figure 3. Bilateral AFOQ’s and shoe corrections pre-

scribed at the VAPC.
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him with short AFO’s (Figure 2). These were a
significant improvement over previous arch
supports, but were bio-mechanically ineffi-
cient. Bilateral solid ankle AFO’s and shoes
with long steel springs and rocker bars were
prescribed (Figure 3).

On July 16, 1982 the patient reported that he
was much more comfortable.

When re-evaluated on October 21, 1982 it
was indicated that the left side was subjectively
worse than the right. He was experiencing very
painful weight-bearing directly on the talar
head. The *‘comfort’’ that he had reported in
the previous note was relative. A PTB orthosis
was prescribed for the left side (Figure 4), in
accordance with the originally outlined plan of
procedure.

On April 19, 1983 the patient stated that the
PTB was an improvement over the AFO.

On August 7, 1984 he returned for a new
orthosis because of loss of fit. The patient had
lost weight following cardiac surgery for aortic
valve replacement and triple bypass in March,
1984.

On October 4, 1984 he reported that the new
orthoses were ‘‘comfortable, that he feels much
better with them, and is able to ambulate.”’ He
and his wife both stated that he *‘would not be
able to walk’’ without these orthoses.

Figure 4. The final prescription included an AFO on the
less symptomatic right side and a PTB orthosis for the

left side.
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DISCUSSION

Severe pes planus of the type described in
this report can only be helped to a limited de-
gree by orthoses. However, if a maximally ef-
ficient approach is employed, the limited de-
gree of relief can be significant and allow an
almost non-ambulatory patient to achieve a
useful degree of ambulation.

A solid ankle AFO not only functions to sta-
bilize the ankle and foot, but when combined
with shoe corrections (rocker bar and long steel
spring), it acts to diminish the stresses on the
foot and ankle. The PTB provides, in addition,
partial unweighting, while retaining the fea-
tures that permit transfer of forces to the
orthosis.

We have employed the AFO in other similar
instances, but this was the first occasion in
which we employed the PTB for severe pes
planus.
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Functional Variations in Thoracic
Suspension Orthosis Design'

by Carrie L. Beets, C.O.
Gretchen Hecht, C.O.

The thoracic suspension orthosis (TSO), de-
veloped at Newington Children’s Hospital in
Newington, Connecticut, is an alternative total
contact thoraco-lumbo-sacral orthosis (TLSO)
used for control of progressive spinal defor-
mities in patients who are poor candidates for
traditional spinal orthoses and/or surgery.
Based on experience accumulated at New-
ington Children’s Hospital and other facili-
ties, indications and contraindications for the
device’s use have been clearly outlined and the
biomechanical mechanisms have been vali-
dated.1.2.3 Along with the prescription criteria,
the fabrication process has been specifically
delineated in the literature and is stringently ad-
hered to in practice.

Contraindications leading to failure of the
TSO are uncooperative patient or family, hip
joint stiffness with inability to sit, severe athe-
toid cerebral palsy, gross obesity, and ca-
chexia. Failure to control the initial break-in
schedule has also been shown to be a reason for
failure. Based on the success or failure of early
trials with the thoracic suspension orthosis, the
criteria for usage as well as the steps for
achieving success with a thoracic suspension
patient have been well established. Unfortu-
nately, the presupposition that the orthosis can
only achieve success if the fabrication and ap-
plication of the device conform precisely to the
established guidelines, has given rise to a pat-
tern of stereotypical usage.

The thoracic suspension orthosis was devel-
oped for use primarily with patients with spina
bifida or neuromuscular diseases. These pa-
tients often have secondary deformities or envi-
ronmental circumstances which would benefit
from modification of the original TSO design.
In the prescription and application of any
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orthosis, it is the responsibility of the orthotist
to recognize the need for modification of the
orthotic design and to provide that modification
within the framework of the established biome-
chanical principles so that it will better suit the
needs of the patient. The application of the
thoracic suspension orthosis appears to be the
one exception of this practice, with practi-
tioners dogmatically adhering to the prescribed
design of a single anterior opening and indenta-
tion of the upper abdominal region on plaster
modification.

The variety of secondary complications seen
in myelodysplasia and neuromuscular patients
(bony defects, gibbouses, paradoxical breath-
ing patterns, older patients difficult for care-
takers to handle due to their size and weight,
etc.) can and often do affect the final outcome
of the use of a thoracic suspension orthosis. In
application of traditional spinal orthoses, these
complications are taken into consideration
when determining the functional design of the
orthosis to be used. When a patient is being
evaluated for a thoracic suspension orthosis
these same complications must be considered
and the thoracic suspension orthosis should
likewise be modified as needed within the
framework of the biomechanical principles to
accommodate the individual needs of the pa-
tient.

Using the above mentioned hypothesis, as
patients are evaluated for candidacy for thor-
acic suspension orthoses, a careful look is

T Cases presented in this article include patients from the
Rehabilitation Engineering Center at Children’s Hospital at
Stanford in Palo Alto, California and Duke University
Medical Center, Durham, North Carolina. A companion
article following this one describes the treatment of a child
at Duke University in a similar fashion, page 38.
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Figure 1. Three and one-half year old with a thoraco-
lumbar kyphosis uses her hands to maintain sitting bal-
ance.

taken to determine the most functional design
for the individual patient and whether the op-
timal design is compatible with the principles
of thoracic suspension. The following ex-
amples illustrate the evaluation process and the
resulting design choice in each case.

CASE 1

This patient is a 3Y2 year old girl with an L.-2
level myelomeningocele, multiple hemi-verte-
brae at T10,11,12, slight scoliosis and a thora-
columbar kyphosis of 60 degrees. On observa-
tion, the girl sat in a kyphotic posture and used
both upper extremities to maintain sitting bal-
ance. She was evaluated in clinic for a spinal
orthosis to limit progression of her spinal de-
formity so surgical intervention could be de-
layed due to her age. The child appeared to be
an excellent candidate for a thoracic suspension
orthosis. A TSO was considered appropriate
rather than a more conventional spinal orthosis
due to the severe collapsing nature of her spinal
deformity and the fact that she had to use her
hands to maintain sitting balance. On examina-
tion she had no secondary deformities affecting
the design of the TSO. Skin integrity at the
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Figure 2. Child wearing traditional anterior opening
TSO now has use of upper extremities for daily activi-
ties.

level of the spinal bifida defect was excellent
(Figure 1).

A single anterior opening TSO was fabri-
cated for this child. The initial break-in period
went well and the child subsequently wore the
TSO at home and school. By the school’s re-
quest, an extra set of suspension brackets were
provided for attachment to the school commode
(Figure 2).

CASE 2

This patient is a nine year old female with
myelodysplasia, complete paraplegia with
lumbar kyphosis (Figure 3). X-rays revealed a
hemivertebrae at L-2 and a spinal angulation of
90 degrees at the L-3 level. The patient has had
chronic skin decubiti over her lower back.
Modified wheelchair trunk cushions had proven
inadequate to prevent recurrent breakdowns.
The patient was flexible and the kyphosis re-
duced partially with distraction. She was
chosen as a candidate for a thoracic suspension
jacket. At the time of evaluation, the open
areas on her back were too many to permit
casting. She was sent home for three weeks for
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Figure 3. Nine year old child with a 90 degree
lumbar kyphosis, large boney defect and repeated
decubit over lumbar area.

prone positioning to allow the skin over her
lower back to heal.

The involved area of the bony defect and ky-
phosis covered the majority of her lower back.
Because skin integrity was so poor, it was felt
the entire area would require relief build-ups on
the positive plaster model. There was concern
that the necessary reliefs would compromise
the overall fit of the body jacket. To avoid
compromising fit in order to provide sufficient
pressure relief, we chose to use a posterior
opening orthosis instead of the standard an-
terior opening design. The width of the poste-
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Figure 4. Posterior view of single posterior opening TSO modified
to provide pressure relief over boney prominences.

!

Figure 5. Superior view of modified posterior opening
TSO with patient in suspension in wheelchair.

rior opening was increased in the area of the
kyphosis, with the plastic shell being trimmed
wider and the soft plastazote lining being left in
place to prevent any edge pressure (Figure 4).
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CASE 3

Optimal placement of closure straps included a
strap crossing the area of the kyphosis. To en-
sure adequate circumferential containment,
while still avoiding any pressure contact to the
bony defect from the closure strap, an alu-
minum bar was contoured and placed inside the
strap (Figure 5).

This patient is a twenty year old male with
Duchennes Muscular Dystrophy who presented
a 70 degree progressing C-curve scoliosis and
accompanying loss of sitting balance and head
control (Figure 6). This patient was still able to
operate his electric wheelchair, however, he
had sufficient upper extremity weakness to pre-
vent activities of daily living. On evaluation for
a thoracic suspension orthosis, he exhibited no

Figure 6. Twenty year old male
with Duchennes Muscular Dys-
trophy and a 70 degree C curve.
Patient has problems with sitting
balance and loss of head control.

Figure 7. Patient in TSO with re-
gained sitting tolerance and vol-
untary but weak head control.

precluding medical complications. In spite of
his age and degree of involvement, and though
he had a reduced vital capacity, he was still a
chest breather and had some flexibility in his
spine. It was felt that rejection of the standard
style orthosis would occur due to his sheer
mass and the difficulty attendants would have
in applying and removing the orthosis. It was
decided that a single attendant would be unable
to satisfactorily apply an anterior opening
orthosis. A bivalved design was felt to be the
only realistic method of donning the orthosis,
much less ensuring accurate positioning of the
costal margin undercut (Figure 7).

During the initial in-hospital break-in period,
it became apparent that though the patient

)

Figure 8. Lateral posterior view
of patient in suspension showing
simple head rest.



could achieve head control when in the
orthosis, he readily fatigued, losing his head
balance and was unable to regain it. A simple,
removable head support was attached to the
posterior shell of the jacket. The support was
held in place by a screw in the aluminum
upright which rested in a groove in the bracket
attached to the posterior half-shell when the
upright was slipped through the bracket. This
arrangement permitted consistent height place-
ment of the head support, but allowed a small
amount of pivoting to take place (Figure 8) so
that the head support would move with the pa-
tient.

While in the hospital, the patient was evalu-
ated by an occupational therapist and was pro-
vided with a balanced forearm orthosis which
enabled him to feed himself. At discharge, the
patient was tolerating two hours of uninter-
rupted suspension.

At his three week follow-up clinic appoint-
ment, the patient reported tolerating suspension
for five hours in the morning, then coming out
of suspension for the afternoon and returning to
the suspended position for the evening meal.
Due to his size, his mother was unable to place
him back in suspension in the afternoon, so he
remained in the orthosis unsuspended until his
father returned home from work. X-rays in the
orthosis revealed a reduction in his curve at 48
degrees.

CASE 4

This patient is a five year old male with
Werding-Hoffmann Type II spinal muscle at-
rophy. The child was presented in clinic with a
Mulholland chair with scoliosis pads, shoulder
supports and head support (Figure 9). The pa-
tient had a rapidly progressing C-curve sco-
liosis which had progressed 51 degrees over a
ten month period. X-rays showed a curve of 72
degrees while sitting in the Mulholland chair.
Since it was felt that the Mulholland scoliosis
pads had not been useful on deterring the pro-
gression of his curve, he was evaluated for a
thoracic suspension orthosis.

On evaluation, the patient was noted to be
emaciated and exhibited a typical christmas tree
deformity of the thorax. He was a complete
paradoxical breather. He lacked head control
while sitting in his chair. His hypotonia was ad-
vanced and included total body involvement
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Figure 9. Five year old child with spinal muscle atrophy
and a 72 degree scoliosis seated in a Mulholland chair
with scoliosis pads.

and he had elbow and knee flexion contrac-
tures. It was felt that a bivalved orthosis would
offer the easiest donning and would provide
quick visual assessment of the skin for this
fragile appearing child. A large abdominal
opening was made in the anterior shell to allow
for his paradoxical breathing.

The child tolerated the initial break-in period
quite well. Parents found the bivalved jacket
design easy to handle. X-rays taken in suspen-
sion revealed reduction of his 72 degree curve
to 25 degrees. He no longer used the head sup-
port, but the head rest was left in place to pro-
vide him with the option of using it to rest and
to prevent excessive hyperextension of the neck
during transportation and wheelchair use over
uneven terrain (Figures 10, 11, and 12).

CONCLUSION

The TSO provides an alternative to tradi-
tional spinal orthoses for the management of
difficult spinal deformities. Variation of the
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Figure 10. Anterior view
of child in TSO suspen-
sion. Scoliosis reduced to
25 degrees in suspension.

orthosis design can be successfully accom-
plished within the frame work of the biome-
chanical principles of thoracic suspension.
Thorough evaluation of the patient for appro-
priateness as a candidate is mandatory. Once
the candidacy has been established, the ortho-
tist can build upon this foundation with his
knowledge of orthosis design principles to pro-
vide the optimum TSO design for the patient.
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Figure 12. With improved sitting balance,
patient regained head control. The head
support was readjusted and left in place to
limit possible neck hyper-extension during
transportation.
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Immediate Post-Operative Orthotic
Impression Technique for
Thermoplastic Spinal Orthoses
Following Spinal Surgery

by James T. Lehner, M.D.
Wilbur A. Haines, C.P.O.
Mark E. Horwitz, C.O.
Cynthia J. King, C.O.

Spinal surgery has been revolutionized in re-
cent years by advances in surgical approaches,
surgical techniques, and forms of internal fixa-
tion. Post-operative management has pro-
gressed from bed rest with log rolling, to mobi-
lization in plaster casts, to modern technology
orthoses. Co-polymer plastic composite
orthoses have been used by the authors during
the last few years. The orthoses have been easy
to apply and have been comfortable for our pa-
tients. There have been no associated compli-
cations which would jeopardize the outcome of
the operative procedure.

PATIENT SELECTION

The original patient the authors selected for
management using a thermo-plastic orthosis
was a retarded child with cerebral palsy who
had previously been intolerant of casting, de-
veloping pressure sores within the cast.
Molding for the co-polymer orthosis had to be
done while the patient was anesthetized, since
this patient was combative and otherwise diffi-
cult to work with. While the impression for this
patient was being made, it became apparent
that this molding technique would be easy to do
in the operating room at the conclusion of oper-
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ative spinal procedures. Initially, this post-
operative molding technique was used for
‘‘special cases.”’ These included patients with
cerebral palsy, myelomeningocele, severe
osteoporosis, and patients with severe respira-
tory problems. Eventually the older adult idio-
pathic population which seemed very intolerant
of rigid metallic orthoses or casting was in-
cluded. Things have gradually evolved to a
point where most patients, other than teenage
idiopathics, are candidates for this type of
orthosis. The authors still prefer using a Kosair
metallic axillary crutch style orthosis post-
operatively for adolescent idiopathic scoliosis
patients, since they seem to tolerate the rigidity
of this system well.!

The first 80 patients fitted with the co-poly-
mer postoperative spinal orthotic system are re-
viewed in this study.

Diagnoses include all the aforementioned,
plus other types of muscular dystrophy, con-
genital scoliosis, tumors, post-menopausal de-
formities, and degenerative spinal deformities.
All orthoses were applied after long (minimum
of six vertebral levels) spinal fusions. All sur-
gical cases, except those of congenital sco-
liosis, were routinely done with instrumenta-
tion.
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ORTHOSIS IMPRESSION
TECHNIQUE

The orthotic impression is taken immediately
after the spinal surgery while the patient is still
asleep. The technique is:

i

After the skin incision is closed, a light
layer of Adaptic® and one layer of
sterile four-by-fours are placed over the
wound.

The skin is bilaterally marked longitu-
dinally along the mid-axilla (mid-cor-
onal line) using a wet indelible pencil.
Perpendicular hash marks are randomly
made across the mid-axillary line to be
used as ‘‘key’’ reference marks later.
Sterile Vidrape® is placed across the pa-
tient’s back to establish an impermeable
membrane.

. The Vidrape® is marked by superim-

posing onto it the marks made pre-
viously on the patient’s skin.

. Plaster splints are draped across the re-

quired area of the patient’s torso,
making sure that the plaster crosses the

10.

mid-axillary lines on both sides of the
patient. The first layer is applied using
two or three thicknesses of plaster. Sub-
sequent reinforcing layers are applied,
using about six layers of plaster. Fi-
nally, a few strips are applied to help
prevent distortion of the mold. These are
placed across the mold at two or three
locations in the shape of an invert-
ed “V.”

. At this point, the posterior section of the

impression is removed from the patient
when hard (Figure 1).

The Vidrape® is then removed in a
manner which keeps plaster or water
from touching the wound.

. Sterile dressings are applied by the scrub

nurse, who has remained sterile to this
point.

. The patient is placed on the post-opera-

tive bed that has been prepared using
one extra sheet.

Vidrape® is then applied to the patient
anteriorly in preparation for the anterior
section molding. (Cover breast and
groin areas with four-by-fours or
diapers.)

in mid-axillary line.

Figure 1. Orthotist removing posterior mold. Note Vidrape® and markings
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11. The indelible pencil marks are again su-
perimposed onto the Vidrape® along the
mid-axillary lines, and appropriate relief
markings are made on the rib cage and
iliac crests.

The anterior mold is made using the
technique described in step five. When
set, the plaster is removed.

Finally, the Vidrape® is carefully re-
moved and the patient is ready to go to
the post-operative recovery room.

12,

13.

After the impression has hardened suffi-
ciently, a cast cutter may be used to cut along
the mid-axillary indelible lines, visible on the
inner surfaces of each half of the impression.
Using the “‘key’’ hash marks established pre-
viously, the two impression halves are joined
together with plaster strips. The impression is
now ready for orthotic fabrication using the
method of choice.

Since the impression has been made with the
patient in the prone and supine positions, the
orthotist must take this into account when fab-
ricating the orthosis. The medial-lateral dimen-
sion of the patient is distorted normally about
one inch due to the flattening effect created by
the patient’s weight against the operating and
post-operative bed.

The time required for the impression proce-
dure adds 15 to 20 minutes of extra anesthesia
and operating room time. There have been no
infections in any of these cases.

RESULTS

The orthosis described has been applied to
80 post-spinal surgery patients between Jan-
uary, 1980 and October, 1984. There were no
cases of rod dislodgement or pseudoarthrosis.
Fifty-eight patients had instrumentation done
using segmental spinal wiring with either
L-Rod or Harrington Rod fixation. One Mon-
goloid boy broke a wire in his L-Rod fixation,
but over a subsequent 24 month follow-up, has
shown no further wire or rod breakage. No
other incident of internal fixation failure, while
wearing the orthosis, has been encountered to
date. Early in the series, one orthosis had to be
remade due to pressure problems. No other
orthosis has required anything except routine
minimal corrections of trim lines. In the begin-
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ning, the average time of orthotic application
was the eighth post-operative day. Later in the
series, this dropped to the fifth post-operative
day. Orthotic application varied from the
second to the thirteenth day post-op and was
determined by the patient’s medical condition
in all but one case. The patients were placed
upright immediately upon application of the
orthosis (Figure 2). They were dismissed from
the hospital an average of four days after the
orthosis was applied.

Orthoses were worn about six and one half
months post-operatively (the first 25 patients
wore theirs for eight months post-op; all subse-
quent patients have worn theirs for six months
post-operatively).

Compliance has been monitored by the
parents or guardians of the patients. They have
reported 100 percent compliance. The parents
are instructed that the orthosis may be removed
when the patients are supine, for bathing, skin
care, and pulmonary toilet as needed. Patients

after

Figure 2. Post-op Spina Bifida child two days
brace application and four days post-operatively. Note
colostomy site on right lower quadrant.
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are never allowed up in the sitting position
without wearing the orthosis during the six
month post-operative period. One-half of the
patients were non-ambulatory.

DISCUSSION

This is an easy, quick, and accurate way to
measure and apply post-operative thermoplastic
orthoses after spinal surgery. It has been pos-
sible to eliminate patient discomfort during the
molding process and no manipulation of the pa-
tient was required during the procedure.

While this technique requires a close
working relationship between physician, hos-
pital personnel, and orthotist, it has virtually
eliminated time delays in orthotic delivery.
Historically, orthotic impressions were taken
“‘when the patient was ready post-operative-
ly.”” This left the impression making process in
a nebulous time frame. Typically, patients were
delayed in the application of their orthosis by a
few days. This added additional patient time in
the hospital with little benefit. Also, the ortho-
tist had to schedule the impression making
process at a time convenient to appropriate hos-
pital personnel.

The technique described gives the orthotist
and his/her staff adequate time to properly de-
sign and fabricate the orthosis. Although none
of the patients were felt to be ready to ambulate
or sit on the first post-operative day, it would
be possible to apply the orthosis, if necessary,
within 24 hours. Many of the severe respiratory
cases (spinal muscular atrophy) are fitted with
their orthoses, and sit up, while still on a respi-
rator in intensive care. There was only one case
where orthotic application delayed patient mo-
bility (orthosis revision was necessary).
Usually, comfort was the deciding factor in
getting patients up. Later in this study group,
when indications were broadened to include
healthier patients, the time frame post-op of
ambulation decreased significantly.

It is believed that molding for a spinal
orthosis while the patient is awake, several
days after surgery, is unnecessarily painful. It
also places the patient in some jeopardy of dis-
lodging the instrumentation while having the
impression made. It is also considered irra-
tional to mold patients for an orthosis at a time
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when they are actually ready to be up and
around. The authors do not trust segmental
spinal instrumentation without external
bracing, and reports now indicate this conser-
vative approach, including the use of an
orthosis, in this group of patients is war-
ranted.2.3 Retarded children and patients with
anesthetic skin easily get into trouble with body
casts and non-removable orthoses. The orthotic
system described certainly helps to alleviate
many of the problems previously encountered
with post-operative spinal orthoses. This tech-
nique is still not used for the standard adoles-
cent idiopathic patient, who in our judgment
currently does well with Harrington Instrumen-
tation fixation and post-operative bracing using
a rigid metallic Kosair type orthotic system.

ADVANTAGES

The co-polymer post-operative orthotic
spinal system has many advantages:

1. Minimal patient discomfort;

2. Expedient spinal orthosis application;

3. Maximum utility for patient care (skin
cleansing, checking anesthetic skin, res-
piratory therapy, etc.);

4. Taking an accurate impression with min-
imal post-operative movement of the pa-
tient; and

5. Excellent wearing compliance by pa-
tients.

DISADVANTAGES

While there are disadvantages to most any-
thing, the negative points of this technique and
system are few. They would include:

1. Increased anesthesia and operating room
time (15-20 min.);

2. Tight post-op scheduling of the orthotist’s
time (Requires a close working relation-
ship with physician, hospital personnel,
and orthotist).
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Use of a Bivalved Thoracic Suspension
Jacket in the Orthotic Seating
Management of Severe Arthrogryposis

Multiplex Congenita

by Carrie L. Beets, C.O.
Louis Whitfield, R.T. (O)
Jan Minnich, L.P.T.

J. Leonard Goldner, M.D.

INTRODUCTION

The thoracic suspension orthosis!2:3 was de-
veloped to aid in the management of patients
with neuromuscular disease and has been used
primarily in individuals with myelodysplasia.
The principle of the device is to use the rib cage
as a weight bearing structure and thus provide
improved seating posture for the patient while
attempting to limit spinal deformity and relieve
excess ischial pressure. Additional benefits in-
clude improvement of balance and mobility,
freeing of the hands and arms for feeding and
other activities of daily living. The body image
of the patient is improved while seated in a
wheelchair and the patient may interact better
with the environment.

The thoracic suspension orthosis should be
considered for those patients who cannot tol-
erate surgery, or when surgery should be de-
layed until they reach maturity.

The patient presented in this paper does not
fit the usual criteria for use of a thoracic sus-
pension orthosis. The needs of this patient went
beyond those provided by usual orthotic seating
devices’and led to the adaptation of established
techniques and development of a different de-
sign to provide a functional seating arrange-
ment for a severely involved child who had
failed with other custom seating devices.
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This seven year old girl with severe general-
ized arthrogryposis multiplex congenita had
functional limitation in the upper extremities
and no voluntary action in the lower extremi-
ties. Surgical releases of soft tissue contractures
and proximal and distal femoral osteotomies
had been performed to adapt the patient to a
sitting position. Past attempts to provide
molded seating inserts to allow a comfortable
sitting position had failed. She was most func-
tional supine in a custom designed portable
bed-like seating insert which permitted feeding.

Examination of the child revealed severe
muscle atrophy of both upper extremities.
There was active elbow extension but no active
flexion. She was able to get her left hand to
within several inches of her mouth by ab-
ducting and forward flexing her shoulder and
then allowing gravity to bring her hand to the
mouth.

The spine revealed right thoraco-lumbar sco-
liosis, thoracic kyphosis, fixed lumbar lordosis,
and a fixed pelvic obliquity in which the left
pelvic brim was higher than the right.

The left hip had a range of motion from 30
degrees flexion to about 90 degrees for a total
of 60 degrees of flexion, with an external rota-
tion deformity. The right hip was fixed in + 20
degrees flexion. Both knees had flexion con-
tractures of 70 degrees with 10 degrees motion.
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In order to flex the right femur for sitting, a
subtrochanteric osteotomy had been performed
with creation of a silicone capped pseudo-
arthrosis. While this was relatively successful,
pain occurred when the patient was placed in a
sitting position with any weight bearing occur-
ring on the right ischium. For this reason, she
was evaluated for use of a thoracic suspension
orthosis.

The patient was initially placed in a plaster
cast thoracic suspension jacket for a three week
trial. During this time, the periods of suspen-
sion were gradually increased. Her skin was
not accessible for monitoring; however, since
she had normal sensation and was cooperative,
we depended on her complaints of pain to as-
sess the support. She tolerated the three week
trial period and experienced no skin breakdown
or abrasion. At that time, a cast impression was
taken for the fabrication and fitting of a thor-
acic suspension orthosis.

FABRICATION AND
FITTING

Due to the lack of spinal flexibility, the need
for easy and accurate application of the
orthosis, as well as the need to make the device
as simple as possible for the parents, a bivalved
design was chosen rather than the traditional
single anterior opening. The bivalved design
(Figure 1) necessitated fabrication of two plas-
tazote™ linings complete with conventional ad-
ditional plastazote™ layers over the inferior
costal margins. Special attention was needed to
insure that the anterior and posterior halves of
the two linings matched up accurately during
the vacuum forming process (Figure 2).

The suspension spools were incorporated
into the posterior shell, which was fabricated of
low density polyethylene. High density poly-
ethylene was chosen for the anterior shell, as it
was felt that the additional rigidity provided by
this material would be needed to maintain the
integrity of the circumferential containment of
the jacket under weight bearing. A large ab-
dominal opening was provided in the anterior
shell because the patient had experienced some
distress in the plaster jacket, especially fol-
lowing meals, which had been relieved by the
addition of an opening in the plaster cast
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Figure 1. Lateral view of bivalved thoracic suspension
orthosis showing anterior shell trimlines.

Figure 2. View from above, the anterior and posterior
linings match up to provide an even pressure just distal
to the lateral and anterolateral inferior costal margins.
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Figure 3. Anterior view of bivalved thoracic orthosis
showing abdominal opening.

(Figure 3). The two half shells were held in
place as a unit with Velcro® closures.

Fitting of the orthosis was followed by an in-
hospital program of gradually increasing
wearing time both in the nonsuspended and
suspended states. Her original supine posi-
tioning device was modified to permit her to lie
in this with the thoracic suspension jacket on,
eliminating the need to take off the jacket be-
tween periods of suspension. Since she could
not tolerate any weight bearing on her right hip,
the suspension brackets on the wheelchair were
positioned for full weight bearing suspension.
She tolerated the conditioning program well,
and at the time of discharge was wearing the
jacket all day long and was tolerating uninter-
rupted suspension for periods of two and one-
half hours. Her electric wheelchair was out-
fitted with a chin operated joy stick control
(Figure 4). While suspended, she could operate
the wheelchair well, but at the end of two and
one-half hours in suspension, the patient would
begin to complain of discomfort and, at that
time, would be transferred to her supine posi-
tioning device.
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Figure 4. Patient sitting in suspension in wheelchair.

CONCLUSION

The application of a thoracic suspension
jacket is a way of successfully providing a
functional sitting position for a patient with se-
vere arthrogryposis. In conjunction with a mod-
ified electric wheelchair, the patient was given
an opportunity to interact actively with her en-
vironment, including a vertical position for
eating.

The bivalved design not only affords easy
application and removal, but also permits vi-
sual monitoring of the skin. The crucial cir-
cumferential containment in the area of and just
distal to the inferior costal margin was main-
tained satisfactorily with a bivalved design.
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Analysis of Questionnaire—
Improved Fitting Techniques

There were 25 respondents to this question-
naire. In replying to the first question 12 (25%)
said that they used check sockets routinely and
12 (48%) said that they used them occasion-
ally. Eight respondents (32%) said that they
used alginate-routinely and 12 (48%) reported
using it occasionally. Only 5 (20%) said that
they never used it. In stark contrast, only 4
(16%) reported using x-ray or xeroradiography
routinely. Ten (40%) used it occasionally and
11 (44%) stated that they never used it. As re-
gards the use of video tape during dynamic
alignment, seven (28%) used it occasionally
and 18 (72%) said they never used it. No one
reported using it routinely. Interestingly
enough several respondents specifically men-
tioned that they did not have video equipment
available.
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The sharp distinction between the two group
of questions is interesting. It may be hypothe-
sized that prosthetists have readily imple-
mented the techniques, check sockets and al-
ginate, that can be put in place at minimal ex-
pense and with minimal involvement of outside
personnel. However, it may also be that people
just do not know enough about either technique
to adopt them or the two techniques have not
proven themselves to be beneficial.
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System Hands with Improved Operating Mechanism

Reduced cable excursion
Increased opening width
Improved durability
Standardized components

8K20

8K21

System Hand — voluntary opening, perlon cable through the palm of the hand.
Threaded stud M12 < 1.5, sizes: 7%, 7%, 8

Same as above, but with steel cable and threaded stud '2"-20

8K22

8K23

System Hand — voluntary opening, perlon cable through the back of the hand.
Threaded stud M12X 1.5, sizes: 7', 7%, 8

Same as above, but with steel cable and threaded stud '2"-20

8K24

ORTHOPEDIC INDUSTRY INC. 8K25

System Hand — voluntary closing, perlon cable through the palm of the hand.
Threaded stud M12 < 1.5, sizes: 7V, 7%, 8

Same as above, but with steel cable and threaded stud '2"-20

UNITED STATES OF AMERICA
8K26

4130 Highway 55
MINNEAPOLIS/Minnesota 55422
Telephone (612) 521-3634 8K27

Telex 2 90 999

System Hand - voluntary closing, perlon cable through the back of the hand.
Threaded stud M12 < 1,5, sizes: 7, 7%, 8
Same as above, but with steel cable and threaded stud 2"—20
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Polyaction® Knee Orthosis. The versatile knee
orthosis - now with improved features. Custom
orders delivered within seven working days.

Scott-Becker Knee Joint Alignment Fixture. May
be temporarily attached to plaster cast allowing joint
alignment and contouring of bars without fixture
removal.

Ratchet Strap
Tightener.

Polyaction® KAFO. Available in stock sizes or
custom fabricated with polycentric joint (shown),
Scott-Stop or single axis drop lock knee joint.
Excellent for polio, C.V.A., rheumatoid arthritis,
recurvatum control.

Removable pin

Casting Support for strap.

Boards (2)
# (Optional)

Scott Casting Frame. Portable casting frame for
taking Rissor casts, molds for TLSO or Milwaukee
Orthoses and fracture cast bracing. Weighs only 28
Ibs.; easily set up on most tables or hospital
gurneys.

Scott Orthotic Labs offers complete central fabrication services for upper and lower extremity and spinal orthotics.
FOR FURTHER INFORMATION, CALL TOLL FREE 1-800-821-5795.
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Arvada, CO 80002
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Get best results with quality
component parts designed
with your patient’s needs in
mind. The Becker modified
ring lock knee joint completely
eliminates protrusion in the
sitting position: it won't catch
or fray garments. All knee

joints are precision made to N

Becker's standard of I?E CKER
excellence. They come fully :

assembled so you can spend Orthopedic

your valuable time fabricating Appliance Company
the orthosis rather than fitting 635 Executive Drive
the parts. For best results, use Troy, Michigan 48084
the Becker modified ring lock Call toll-free

knee joint. It's smooth! 1-800-521-2192




THE KNIT-RITE

IABOVE KNEE STUMP SHRINKER

MADE TO ORDER

The construction and the knit fabric insure proportion

fit and greater pressure distally. The heavy compres-

sion exerts approximately 25 mmHg pressure at 50%
stretch for reduction of edema and shaping of the
stump. The Knit-Rite Above-Knee Stump Shrinker is
tailored and can accommodate irregularities and
special fitting problems. When ordering, state addi-
tional measurements that would be needed to fit the
special need.

Send the following measurements:

A. Circumference 1”
from distal end

B. Circumference 3”
from distal end

C. Circumference
at groin

D. Circumference
at waist

E. Length from groin
to distal end

F. Length from waist
to distal end

Specify:
Left L] or  Right [J
Heavy compression

2HP-HAK-SP
(Order Code)

UNIQUE CONSTRUCTION

Made from Avril® rayon
Lycra/spandex® core yarn.
Softer, more comfort-

able, easy to put on

and may be machine
washed/dried, (Warm
temperature, no
bleach).

Lycra/Spandex®

is in the core of the yarn
and thus in each knit
loop. Locked in!

CAUTION: Compression proximally should not be greater than compression distally.

KNIT-RITE, IINC.

Printed in US.A

2020 GRAND AVENUE = PO BOX 208 » KANSAS CITY, MO 64141

PHONE: (816) 221-5200 » TOLL FREE (800) 821-3094
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THE KNIT-RITE BK STUMP SHRINKERS

y N
& STUMP SHRINKERS ==

Fiat Meas Fits Cir

Toe Top Toe Tog Length
2HP.-HRN-10 Heavy Narrow | 3 5 9.11 1214 10
12 12
TAPER KNIT et 1 .
2HP-HRM-10 Heavy Medium 4 6 1214 1517 10
Full Fashion Like A 12 | i2
Prosthetic Sock L ' &
osthetic Soc 2HP-HRW-10 | Heavy Wide 5 7 1517 1820 10
To Provide 12 12
Proportioned Compression e it - 14
2HP-MRN-10 Medium Narrow 3 5 9.1 13-14 10
12 12
TWO TAPERS i | g
2HP-MRM-10 Medium Medium 4 6 1214 15-17" 10
Regular and Double 12 " v o
14 14
Two COMPRESS|ONS 2HP-MRW-10 | Medium Wide 5 7 15-17 18.20 10
12 12
Medium and Heavy 14 14

3 Widths and *Mid-Width on: 10" Length: 7" upper 3" lower
12" Length: 7" upper 5" lower
3 Lengths “ Length: 7" upper 7" lower

UNIQUE

CONSTRUCTION Pressure *Flar Meas | Fits Cir
PIC Weight Width Toe—Mid—Top| Toe Top Length
LycraISpandex' Mada from Aviil® rayon 2HPvHDN~:g Heavy Narrow 3 35 6°| 911 1517 :g
Lycra/spandex® core yarn. 14 | 14
Softer, more comfort- 2HP-HDM-10 Heavy Medium |4 45 7 | 1214 18-20 10
able, easy to put on 12 12
and may be machine 14 __ 14
washed/dried, (Warm ZHP-HDW-:O Heavy Wide Is 55 8| 1517 2124 :0
temperature, no 1§ l 15
bleach). 2HP-MDN-10 | Medium | MNarrow |3 35 6 | 911 1517 10
The full fashion, taper 12 12
oo 14 14
is in the core of the yarn Hak,icenstiuchion:in:
and thus in each kry\it sures proportion fit and ZHP'MDM':‘; Medivm. || Medlum: a5 77| 12747 1820 o
loop. Locked in! compression, with great- 14 | | 3%
er pressure distally. Use of 2HP-MDW-10 | Medium Wide 1517 21-24"
core construction yarn results 12
in a softer fabric, better fit and 14

permits stretch over the compression range. The Knit-Rite

Stump Shrinker better accommodates irregularities and Select proper size according to distal circumference of stump; then

may be tailored or altered to meet special fitting problems. select proper taper (Regular or Double) of Stump Shrinker, according
to proximal circumference.

*‘ DOUBLE TAPER Top (C) T——=—="r="==s

Fashion knit, with gradual taper distally,
flaring to a wide top. Flat widths are expressed
as toe/mid/top in the size chart. The mid-point
flat width of the “Double Taper"” model is
slightly less than the corresponding mid-point
flat width of the regular taper model.

CAUTION: Compression proximally should not
be greater than compression distally.

Upper

Mid (@) | TWO PRESSURES—

Heavy compression (green top) exerts 25-30 mm

LOWE Mg pressure at 50% stretch for reduction of

The length of the upper portion of all edema and shaping of stump.
lengths of “Double Taper” socks is 7 7. The T°¢ (A ) :
length of the lower portion is 3", 5" or 7" on Sight Taper Medium compression (gray top) exerts 10-15 mm
the 10", 12" and 14" length socks respectively. Distally Hg pressure at 50% stretch for tender stumps,

(Lower Portion) nighttime wear and stump size maintenance.

50% Stretch is Required to render the desired compression of 25-30 FOR SPECIAL SOCKS: Send Measurements:
mm Hg for the heavy weight Green Top or 10-15 mm Hg for the

medium weight Gray Top. 50% stretch is calculated as follows for 3~ BK: 1inch from distalend______: 3 inch from distalend___; & inch from
Toe (flat) Width: 3" x 2 = 6" (Relaxed Circumference). The 6" x distalend_______ [top__ length of stump —_ Length of sock_

50% = 3" of stretch. In this example the distal circumference of the AK: 1inch from distal : 3inch from distal__ ;6inchfromdistal
stump should be in the range of 9" to 11" 1o insure proper compres- waist ; length distal to groin_______; length distal to waist_____

sion by the stump shrinker. Top (proximal) circumference should fall

within the 30% to 50% stretch range. Top stretch percentage should 2HP-HBK-SP BK Stump Shrinker, Heavy Pressure, Special
not exceed the toe stretch percentage. The sizing chart sets out the 2HP-MBK-SP BK Stump Shrinker, Medium Pressure, Special
toe and top “fit range".

= = P — 2020 GRAND AVENUE » P.O. BOX 208 » KANSAS CITY, MO 64141
IKINI'T-RITE, IINC. PHONE: (816) 221-5200 » TOLL FREE (800) 821-3094
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