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USMC's Ligamentus Ankle Support
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connects the plastic shoe insert to
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and is secured to the foot with a Velcro
closure while the uprights are secured
to the leg with 3M Coban Self-Adher-
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an improved version of the extension
control knee orthosis. The ECKO 11 is
the same lightweight durable brace for
post injury and post surgical applica-
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stability as well as knee extension. The
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ECKO 11 knee joint is easily adjustable
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Meetings and Events

Please notify the National Headquarters immediately concerning additional meeting dates.
It is important to submit meeting notices as early as possible. In the case of Regional
Meetings, you must check with the National Headquarters prior to confirming date to avoid

conflicts in scheduling.

1984

October 15-21, AOPA General Assembly
and International Congress, Fontaine-
bleau Hilton Hotel, Miami Beach, Florida.
Contact: AOPA National Headquarters,
703-836-7116.

October 21-23, “Certification for Re-
habilitation Nurses: Applying Ad-
vanced Concepts to Practice,”” a seminar
offered by the Rehabilitation Nursing In-
stitute, Cincinnati, Ohio. Contact: RNI
Seminar Department, 2506 Gross Point
Road, Evanston, Illinois 60201; tel. 312-
475-7300.

October 23-25, International Conference
on Rural Rehabilitation Technologies,
University of North Dakota. Contact:
Don V. Mathsen, Box 8103, University
Station, Grand Forks, North Dakota,
701-777-3120, or Charles M. Page, Box
8202, University Station, Grand Forks,
North Dakota 58202, 701-780-2494.

October 23-27, IFAS ’84, the 18th Interna-
tional Trade Fair for Hospital and Medi-
cal Supplies, Zurich, Switzerland. Con-
tact: Joachim Schafer, Executive Direc-
tor, TEAM, P.O. Box 3092, 265 Varsity
Avenue, Princeton, New Jersey 08540.
Telephone: 609-452-2895.

October 24-28, 38th Annual Meeting,
Academy for Cerebral Palsy and De-
velopmental Medicine, Washington,
D.C. Sheraton Hotel. Contact: American
Academy for Cerebral Palsy and Dev.
Med., Ste. 1, 2315 Westwood Avenue,
P.O. Box 11083, Richmond, Virginia
23230, 804-355-0147.

November 3, Midwest Chapter of the Aca-
demy Fall Seminar, Northwestern Uni-
versity, Chicago, Illinois.

December 2, Northwest Chapter of the
Academy Meeting and Seminar, Red
Lion Inn, Portland, Oregon. Contact:
William E. Teter, CO, 208-342-4659.

1985

January 24-29, American Academy of Or-
thopedic Surgeons Annual Meeting, Las
Vegas, Nevada.

January 30-February 3, Academy Annual
Meeting and Scientific Seminar, Cathe-
dral Hill Hotel, San Francisco, Califor-
nia. Contact: Academy National Head-
quarters, 703-836-7118.

February 9, Midwest Chapter of the Aca-
demy Prosthetics Workshop, North-
western University, Chicago, Illinois.

April 11-13, Association of Children’s
Prosthetic and Orthotic Clinics
(ACPOC) Annual Meeting and Scientific
Sessions, New Orleans. Contact: Dr.
Robert Tooms, tel. 901-525-2531.

April 12-13, New York State Chapter of the
Academy seminar, The Hotels at Syra-
cuse Square, Syracuse, New York.

April 18-20, AOPA Region IV Annual
Meeting, Wilmington Hilton Hotel,
Wilmington, North Carolina.

April 20, Midwest Chapter of the Academy
Spring Seminar/Social Event.

May 2—-4, AOPA Region V Annual Meet-
ing, Holiday Inn, Cleveland, Ohio.

May 8-11, AOPA Regions VII, VIII, X, and
XI Combined Annual Meeting, Tucson,
Arizona.




May 16-19, AOPA Regions I, II, and III
Combined Annual Meeting, Hyatt Re-

gency Inner Harbor, Baltimore, Mary-
land.

June 4-8, Orthopadie & Rehn-Technik 85
International Trade Fair and Congress,
Messe Essen, W. Germany.

June 7-9, AOPA Region IX, COPA, and the
California Chapters of the Academy
Combined Annual Meeting, Reno,
Nevada.

June 20-23, AOPA Region VI, Midwest
Chapter of the Academy Combined An-
nual Meeting, Arlington Park Hilton,
Arlington Park, Illinois.

June 24-28, RESNA 8th Annual Confer-
ence on Rehabilitation Technology,
“Technology—A Bridge to Indepen-
dence,” Peabody Hotel, Memphis, Ten-
nessee. Contact: RESNA, Suite 402, 4405
East-West Highway, Bethesda, MD
20814, 301-657-4142.

September 13-15, Fifth Annual Advanced
Course in Lower Extremity Amputation
and Prosthetics, Nassau County Medical
Center, East Meadow, New York. Con-
tact: Lawrence W. Friedmann, M.D.,
Chairman, Dept. of Physical Medicine
and Rehabilitation, Nassau County
Medical Center, 2201 Hempstead Tumn-
pike, East Meadow, NY 11554; (516)
542-0123.

October 15-20, AOPA Annual National
Assembly, Town and Country Hotel, San
Diego, California. Contact: AOPA Na-
tional Headquarters, 703-836-7116.

1986

January 27-February 2, Academy Annual
Meeting and Scientific Seminar, MGM
Grand, Las Vegas, Nevada. Contact:
Academy National Headquarters: 703-
836-7118.

February 20-25, American Academy of
Orthopedic Surgeons Annual Meeting,
New Orleans, Louisiana.

April 8-11, Pacific Rim Conference, Inter-
continental Hotel, Maui, Hawaii.

April 17-20, AOPA Region IV Annual
Meeting, Orlando, Florida.

June 6-8, AOPA Region IX, COPA, and the
California Chapters of the Academy
Combined Annual Meeting.

November 4-9, AOPA Annual National
Assembly, Marriott’s Orlando World
Center, Orlando, Florida. Contact:
AOPA National Headquarters, 703-836-
7116.

1987

January 22-27, American Academy of Or-
thopaedic Surgeons Annual Meeting, San
Francisco, California.

September 21-27, AOPA Annual National
Assembly, Hyatt Regency Hotel, San
Francisco, California. Contact: AQOPA
National Headquarters, 703-836-7116.
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Orthotic Control of Ground Reaction
Forces During Running
(A Preliminary Report)

by John Glancy, CO

This discussion of the control of ground
reaction forces is presented on the as-
sumption that the best approach to impro-
ving the runner’s environment is to pre-
vent injuries by the prophylactic use of
orthotic devices. It is now readily acknowl-
edged that ground reaction forces can ad-
versely affect the foot/ankle complex when
one or more of a variety of abnormal con-
ditions are present. Also, there is equal
acceptance that ground reaction forces
when malfunction of a part of the foot/
ankle complex is present, can have debili-
tating effects higher up in the kinetic
chain. This discussion will be limited to the
effects of ground reaction forces to the foot
and ankle during the heel-to-toe running
cycle.

The prevention of running injuries by
orthotic means may seem academic with
respect to runners attending sports medi-
cine clinics who come for immediate
treatment of injuries they have already
sustained. Under these circumstances, the
use of orthotic devices may still be thought
of as prophylactic if the cause of a particular
injury is determined to be biomechanical
in nature and if the device successfully ar-
rests or reverses the causative condition
and/or prevents reoccurrence of the injury.

12

There are estimated to be over 25 million
adult Americans now running or jogging
regularly.? P2t U If the patients referred to
the University of Indiana Division of Or-
thotics are representative of runners in
general, many of their injuries are related
to foot and/or ankle conditions that were
present prior to their running activities.
These conditions are often reported to have
been asymptomatic before the patient took
up running. In fact, the majority report that
they do not experience symptoms except
when they run or soon after a run. The
increase in impact with the ground when
running, by a factor of two to three times
body weight at heel strike, is known to be
related to the development of symptoms.
Burdett’s study predicts peak Achilles ten-
don forces ranging from 5.3 to 10 times
body weight.? Also related are pre-existing
biomechanical “imperfection(s)’’ of which
the runner has been unaware and/or a
long-forgotten prior injury has led
to malalignment of the foot or ankle
and which predisposes the runner to in-
jury_‘z (Part I1, p. 26)

Sports medicine patients are unique in
terms of individual motivation. They dis-
like hearing that they must give up or slow
down their weekly running schedule, even
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for a few days. Often, many attemptto “run
through” an injury, causing the condition
to become chronic or resulting in a more
severe level of injury. This mind-over-
matter attitude, when pathomechanical
factors are involved, coupled with attri-
tion, can lead to a no-win situation, both
immediate and long-term.

Since the general fitness of most runners
is well above average, their very fitness
often masks the cause of their complaints
which, as a consequence, can be very sub-
tle and difficult to define. Dealing with
these subtleties sharpens one’s powers of
clinical observation. The insights and de-
velopments reported in this paper are to a
substantial extent the product of the pa-
tience, persistence, conscientiousness,
and accurate feedback of the runners them-
selves. I am indebted to them because the
benefits from these new insights and de-
velopments are already being shared by
orthotically handicapped patients. For
example, the promising results to date with
the flexible polypropylene insert and
cushion heel wedge (Figures 6 and 7) for
juvenile rheumatoid arthritis patients are
especially gratifying.

THE RUNNING CYCLE
VERSUS THE WALKING
CYCLE

The purpose of comparing the walking
and running cycles is twofold: first, to
identify differences in kind from differ-
ences in degree between the two cycles;
second, once identified, to try to under-
stand the biomechanical relevance of either
type of difference as regards injuries to the
lower limb while running, particularly to
the foot/ankle complex.

The stance phase is reduced from ap-
proximately two-thirds of the walking
cycle to one-third in the running cycle. As
one might anticipate, whether during
walking or running, the velocity, cadence
and stride length increase as the speed of
gait increases. Also, as the gait speed in-
creases, the period of stance phase de-
creases, and the period of swing phase in-
creases in the walking cycle. As aresult, the

greater the increase in gait speed, the less
time the foot spends on the ground.?” *! An
increase in the speed of gait, then, in spite
of its effect upon velocity, cadence and
stride, is not the feature that differentiates
the running cycle from the walking cycle.

It is the absence of a double-support
phase that distinguishes running from
walking. There is a period during the run-
ning cycle when both feet are off the
ground. This period has been named the
non-support or “float” phase.? What mo-
tion, exclusive to running, eliminates the
double-support phase? None, per se. An
increase in the magnitude of the thrust at
push-off by the contralateral limb, gener-
ated principally by the gastrocnemius and
soleus muscles, “lifts” the body and makes
a float phase possible. The forward velocity
attained is also an important contributor to
the float phase.

From an orthotic standpoint, the re-
placement of the double-support phase of
walking with a float phase when running is
the most significant biomechanical feature
of the running cycle. It is this biomechani-
cal feature, above all, that makes the con-
trol of ground reaction forces important for
the following reasons:

® The orientation of the foot/ankle com-

plex to the ground at lift-off deter-
mines the balance and direction of the
body as it ascends, particularly with
respect to the line of progression.

® Without the double-support phase, a

person’s ability to shift his body’s
weight efficiently and economically
during stance phase is greatly re-
duced. Adaptation to surface condi-
tions, topography, and fatigue, for
example, must be made rapidly upon
one foot at a time. This restriction af-
fects both lift-off and heel-strike.

® The orientation of the foot/ankle com-

plex to the ground, when receiving
the body as it descends from float
phase to stance phase, has a direct
bearing on running injuries.

® During its descent, the body is in

“free fall.” The resulting impact to the
lower limb is reported to be 2.5 to 3.0
times the body’s weight.* 20 2! Ob-
viously, there is no way of altering the
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body’s rate of descent for a given run-
ning speed. However, the floor reac-
tion forces are always equal and oppo-
site to the resulting vertical, AP shear,
ML shear, and torque forces generated
at any particular speed. Control of one
or more of these floor reaction forces is
a viable means of controlling the
alignment and/or phasic motions of
the foot/ankle complex throughout the
stance phase, thereby preventing in-
jury.

Several studies report that the vertical
force passing through the foot reaches its
highest peak just before lift-off.* 2% 2! As a
consequence, from an orthotic point of
view, the mid-foot is especially vulnerable
between heel-rise and lift-off. It is during
this period of the running cycle that pro-
tection from injury is most difficult to pro-
vide without interfering with the dynam-
ics of running.

With biomechanics foremost in mind,
then, the only difference in kind between
walking and running is the transition from
a double-support phase to a float phase. All
the motions that are inclusive to normal
stance and swing phases of the walking
cycle are the same that occur during the
stance and swing phases of the heel-to-toe
running cycle.

However, there are differences in degree
of these motions as they occur within the
running cycle. The principal difference is
that the range of these motions increase
during running, reflecting additional dif-
ferences in degree in gait, velocity, ca-
dence, and stride length. There is also a
difference in degree with respect to the im-
pact and stress to which the lower limbs are
subjected between walking and running.

Because the same number and kinds of
motion occur in the same sequence in both
cycles, the absence of a double-support
phase forces the runner to perform the
phasic motions of the stance phase without
assistive substitution from the contralat-
eral lower limb. Any attempts to substitute
one motion for another are not feasible,
since each motion—in proper se-
quence—is essential to a running gait free
of injury. As a consequence, when one or
more of three conditions are present within

the foot/ankle complex, the probability of
injury becomes a distinct biomechanical
possibility. The three conditions are:
® Hypermobility, i.e., excessive range of
one or more phasic motions,
® Hypomobility, i.e., less than normal
range of one or more phasic motions,
and
® The loss of one or more phasic mo-
tions.

Whether resultant injury from these con-
ditions is immediate or long term will be
discussed later, along with suggested or-
thotic management for each.

Numerous questions arise as a result of
comparing the walking and running cy-
cles. For example, 70 percent of the runners
seen in our Sports Medicine Clinic cannot
evert their heels, either passively or ac-
tively. There is nothing in the literature to
indicate that the absence of this motion is
as prevalent in “normal” feet among the
walking population. Is it not reasonable,
then, to presume that the loss of heel ever-
sionis acquired and that this loss is a prod-
uct of long term distance running?

Is “cavus’ necessarily the best term to
use to describe the high longitudinal arch
of a runner? Dorland’s Medical Dictionary
defines “pes cavus” as “exaggerated height
of the longitudinal arch of the foot, present
from birth or appearing later because of
contractures or disturbed balance of the
muscles.”

In an otherwise normal foot, is the pres-
ence of a congenital high longitudinal arch
(Dorland’s “exaggerated height’’) consid-
ered an abnormality? When the subjects
are runners, the literature does not as-
sociate abnormality with this condition. In
fact, substantial evidence has been re-
ported, regarding the demands that run-
ning places upon the foot/ankle complex,
that has led to a consensus that a high lon-
gitudinal arch is favorable to runners. This
consensus is based on evidence related to
studies of the subtalar joint.!' 14 15 16 18, 22

In essence, the more vertical the angle of
inclination of the A-P axis of the subtalar
joint (i.e., the higher the longitudinal
arch), the less pronation or supination of
the foot. The correlation between excessive
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MEAN = 4/°
RANGE = 20° TO 68°

Figure 1. Angle between the axis of the subtalar joint and the horizontal (From Inman [14] in: Bull. Prosth. Res.,
BPR-10-11, 1969, p. 137). Reprinted with permission of the Veterans Administration.

pronation and injury to runners is well es-
tablished, hence the broad consensus
(Witness the attention to ““heel control” by
running shoe manufacturers). The answer
thus appears straightforward—a high arch
is an asset to runners.

However, I have experienced difficulty
accepting this answer, particularly with re-
spect to long distance running as a long
term activity. How high is high? What pre-
cisely is an “‘exaggerated height?”’

First, how high is high is another way of
asking “What is the norm?” Isman and In-
man'® reported a mean of 41 degrees for the
ankle of the axis of the talocalcaneal joint
with respect to a horizontal plane (Figure
1). They found the range of inclination of
this axis to be 20 to 68 degrees.’® It would
appear safe to assume, then, that one may
be born with quite a “high” longitudinal
arch and still be within the bounds of nor-
mality. It would also appear that Dorland'’s
term, “exaggerated height,”” to describe a

cavus foot is misleading. Two of Webster’s
definitions of “exaggerate’” are “over-
state,”” and “to enlarge or increase, espe-
cially beyond the normal.” When the term
“cavus” is used with reference to runners’
feet, it overstates the case, in light of Web-
ster’s second definition.

This reference to abnormality brings us
to the non-congenital, or “acquired,”
cavus foot due to “contractures or dis-
turbed balance of the muscles” (Dorland’s
words). The musculature of the plantar as-
pect of the foot must be stronger than that
of the dorsal aspect to cause the formation
of a cavus foot. Such was frequently the
case with growing children stricken with
poliomyelitis.

Runners do not “acquire” cavus feet.
The runner with high longitudinal arches
was born with them. The A-P angle of his
subtalar joints is more perpendicular than
horizontal with respect to the ground.
This is a condition that is generally con-
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sidered favorable because it provides a
built-in restriction to pronation of the
mid-foot. A high arch is better suited to
resist the superincumbent weight of the
body. However, there is also one impor-
tant disadvantage of a high arch—its rela-
tive rigidity makes it a less efficient shock
absorber for the greater magnitude of im-
pact forces that are generated by running.
There is, then, a trade-off —hypomobility
of the longitudinal arch versus a reduction
of shock absorbency. Is this trade-off ad-
vantageous to the long distance, heel-
to-toe runner over the long term?

As runners with high longitudinal
arches began to appear with regularity at
the Sports Medicine clinic, the clinical
staff’s unanimity of opinion with regard
to the advantages of cavus feet began to
fragmentize. From an orthotic overview,
this puzzling question arose: Is not the
possessor of so-called cavus longitudinal
arches in actuality the possessor of what
may best be described as feet with func-
tional forefoot drop? The question is di-
rected to the heel-to-toe runners only, i.e.,
Levels I, II, and IlI—or 98 percent of all
runners.? Famt Il A quite different set of
biomechanical circumstances applies to
the long distance (Level IV, “’Elite”) fore-
foot runner.

A GENERAL RULE

Assume the proposition that we are now
dealing with two distinctly different types
of feet, neither of which can be said to be
abnormal per se. Structurally, the differ-
ence is one of degree between the normal
non-cavus and the normal cavus foot.
However, there are distinct functional dif-
ferences resulting from these structural
variances which have been overlooked.

One functional difference concerns the
synchronous relationship of pronation of
the longitudinal arch of the foot to trans-
verse internal rotation of the tibia and,
conversely, the raising (supination) of the
arch to transverse external rotation of the
tibia. From an orthotic viewpoint, an im-
portant feature of these motions is the fact
that, as a general rule, blockage of the one
automatically blocks its synchronous mate.

That is, inhibition of phasic midfoot pro-
nation also inhibits phasic internal rota-
tion of the tibia, and vice versa. The same
applies to phasic, midfoot supination and
external rotation of the tibia.?" There are
exceptions and these exceptions are di-
rectly related to structural differences.

The initial pronation of the longitudinal
arch (as a result of eversion of the heel at
heel-strike) is a purely passive mechanism
which is initiated by contact with the
ground. The limitations of the range of
either heel eversion or pronation are not
dependent upon muscle control. The
range of both motions is controlled, in
order of importance, by the congenital
placement of the axes of the subtalar and
transverse tarsal joints, the geometry of
their articulating surfaces, and their con-
necting ligaments.?! Both motions are in-
tegral parts of the heel-toe running cycle;
their occurrence at the beginning of the
stance phase sets the alignment of the
foot/ankle complex and, in so doing, af-
fects all that follows.

There are great individual variations in
the angle of the sagittal axis of the subtalar
joint. These variations (Figure 1) alter the
relation between the amount of pronation
and supination of the foot and the amount
of internal and external rotation of the tibia
in the transverse plane.!* '® These tibial
rotations are affected by the variations in
the tangent of the angle of inclination in the
sagittal plane. When the leg is vertical and
the foot is at a right angle to it (flat on the
ground), and the axis of the subtalar jointis
45 degrees, the internal-external rotations
of the tibia would be equal in magnitude to
their respective pronation-supination mo-
tions of the longitudinal arch.' It is be-
cause of this one-to-one relationship of
these motions, at this angle of inclination
of the axis, that 45 degrees was chosen as
the benchmark for our general rule. The
A-P angle of the subtalar joint in a living
subject cannot currently be determined.
Nevertheless, the benchmark gives a fac-
tual point of reference in order to discuss
the relationship of structure to function.

When the angle of inclination of the A-P
axis of the subtalar joint (as viewed in the
frontal plane) is closer to the horizontal
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LINE OF PROGRESSION
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Figure 2. The role of transverse rotation to forward progress. Walking cycle; schematic view from
above.

A. The bony pelvis (shaded area) and its related contour (solid line) are shown rotated in the
counterclockwise direction of the arrow on the rightside, as the right limb’s heel begins its stance
phase. The dotted-line circle on the left gives the direction and amount of external tibial rotation
to achieve the action presented, which started from standing position.

B. Dotted outline of the bony pelvis demonstrates the body’s progress, upward and forward in
the A-P plane, as the right femur extends over the tibia and the tibia rotates over the foot to
mid-stance. The dotted-line arrow on the left shows the clockwise forward rotation of the pelvis
to the lateral midline and return to the standing position, as indicated by the placement of the left
forefoot’s dotted outline. The dotted-line circle on the right shows the eight degrees of external
clockwise rotation, half its range, which reverses the tibia’s internally rotated position taking the
pelvis et. al. with it. The preceding eight degrees of internal tibial rotation, having occurred
between foot-flat and mid-stance, are not shown.
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(less than 45, but not lower than 20 de-
grees), the greater is the amount of prona-
tion and supination for a given amount of
internal or external rotation in the trans-
verse plane'® (Pes planus being represen-
tative of the abnormal non-cavus foot).
Also, it can be demonstrated that when the
oblique angle of the subtalar joint is closer
to the vertical (more than 45 degrees) when
viewed from the side, the magnitude of
axial rotation to pronation and supination
of the midfoot is greater.

It is in the normal cavus foot that we will
find exceptions to the general rule. (“Nor-
mal” is here defined as an A-P obliquity of
the axis of the foot’s subtalar joint from 46
to 68 degrees to the horizontal.) The corre-
lation between axial rotations to prona-
tion/supination breaks down when the
axis’ A-P angle is greater than 45 degrees.
For example, a given amount of tibial in-
ternal or external rotation effectuates less
respective pronation or supination of the
midfoot, the closer the axis of the subtalar
jointis to the vertical. However, in spite of
the fact that the range of pronation/supi-
nation is anatomically restricted in such
cases, ground reaction forces being
transmitted through the cavus foot (espe-
cially the vertical component) translate
into a disproportionally larger transverse
rotary force to the tibia.'

The more vertical the A-P angle of the
subtalar joint axis, the less the amount of
pronation possible. This fact provides in-
sight into the biomechanics unique to the
forefoot runner. The forefoot runner’s gait
does not seem to require depression of the
longitudinal arches; they would be subject
to injury were pronation to occur with each
stride. Suppose we were to assume that the
absence of pronation also eliminates the
need for internal rotation of the tibia (and
femur) in the transverse plane between
foot-flat and mid-stance. Such an assump-
tion seems to be wvalid, since heel-
strike—the “trigger” of pronation—is by-
passed by forefoot runners. Obviously,
external rotation of the tibia (and femur), as
well as pelvic rotation in the transverse
plane, must be modified under such cir-
cumstances to enable the forefoot runner to
effect an efficient stride. However, it

would appear that a like accommodation
cannot be achieved during a heel-to-toe
running gait (Figure 5).

Another functional difference presented
by the normal, so-called cavus foot is re-
lated to the hypomobility of the longitudi-
nal arch of the foot with the condition here
referred to as functional forefoot drop. This
hypomobility of the midfoot necessitates
an adjustmentin order to effect heel contact
in the standing and/or midstance position.
The patient is unconscious of making this
adjustment, which he performs by rotating
his tibia anteriorly or posteriorly in the A-P
plane (Figure 3). The consequences of this
adjustment to a runner are discussed in
detail under Condition IV,

One might well ask whether a heel-to-
toe running gait should be advised for the
beginner whose feet have functional fore-
foot drop. Also, it would appear that cur-
rent practices of shoe selection and fitting
of growing, active youngsters should be
reexamined. The impact of this finding
upon the design of commercial running
shoes would appear to depend on the per-
centage of feet in the running population
with functional forefoot drop. If the per-
centage is found to be substantial, it would
be feasible for manufacturers to provide
running shoes similar to the modified shoe
shown in Figure 9.

EXTRAPOLATIONS FROM
THE BIOMECHANICS OF
THE WALKING CYCLE TO
THE RUNNING CYCLE

Why should the orthotist find the syn-
chronous character of certain motions of
the tibia, hindfoot, and midfoot of special
interest, when his patient is a runner? The
three major reasons for his interest have
been mentioned previously: first, the con-
viction that the foot/ankle complex is most
vulnerable and most difficult to control
between heel-rise and lift-off; second, the
absence of a double-support phase in the
running cycle leads to the presumption
that there are no viable substitutions for
hypermobility, hypomobility, or the loss of
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a particular motion, and third, the fact that
the axis of the subtalar joint (the primary
control mechanism of the synchronous
motion) cannot be identified in living
subjects. To determine the importance of
each of the above to the running cycle, the
orthotist must temporarily divert his at-
tention further up the kinetic chain.

During running, the impact at heel-
strike is 2.5 to 3.0 times body weight as
compared to 1.2 times body weight during
walking. This increase in vertical force
can be assumed to generate a proportionately
greater eversion moment during running.
Because eversion of the heel is the key to
midfoot pronation, it is reasonable to as-
sume that its range also increases propor-
tionately to the increased moment. With an
increase in the range of pronation, there is
a corresponding increase in the range of
internal rotation of the tibia. This action
would fall within the general rule, as the
rule applies to the non-cavus foot.

When analyzed from an orthotic point of
view, it becomes apparent that motions in
the transverse plane are especially impor-
tant to runners. The synchronous motions
of depression of the longitudinal arch and
internal rotation of the tibia, as well as the
reverse motions of the raising of the arch
with its synchronous external rotation of
the tibia, are directly related to the length
of stride of a heel-toe gait. What happens
when these phasic motions are inhibited?

In order to answer this question, a closer
look at the normal walking cycle from a
fresh perspective was needed. We begin
with a single step.

Imagine looking down from above on
the lower half of a body as it begins to walk
from a standing position (Figure 2). The left
limb is in the mid-stance position as the
right heel is about to contact the ground
and begin its stance phase of the cycle. In
the mind’s eye, remove all portions of the
skeleton above S1. We now look directly
down on the pelvis and lower extremities.
Draw an imaginary line in the sagittal
plane which parallels the Jower limbs. The
line should be equidistant between both
limbs and pass through the center of the
first sacral vertebrae. This line represents
the line of progression. Draw a second

imaginary line perpendicular to the line of
progression, so that it crosses the line of
progression and passes through the center
of the head of the left femur. This second
reference line serves as the body’s imagi-
nary lateral midline (as viewed in the
frontal plane). If the lower half of the
skeleton were in a standing position (that
is, if the leftlimb were to come to a stop and
assume the standing position, instead of
continuing forward to complete its stride
in the cycle), the lateral midline would then
pass through the center of the head of both
femurs (Figure 2).

The total amount of external transverse
rotation of the tibia is known to occur be-
tween mid-stance and push-off, whereas
half the matching internal rotation occurs
during the swing phase and is completed
between foot-flat and mid-stance. All of
the muscles within the limb in stance
phase which are affected by these trans-
verse motions are placed on stretch (eccen-
tric contractions). None of them contri-
butes any of the force necessary to effec-
tuate transverse rotation during the stance
phase. The role of the musculature, then, is
to control external forces acting upon the
limb in stance phase.

What is the significance of this arrange-
ment to running? In seeking possible
answers, it is first necessary to define the
neutral position of the tibia and femur with
respect to the transverse plane, as they re-
late to each other and to the foot. (Reference
to the anatomic position would be confus-
ing, since the tibiae are internally rotated
when standing.) For this discussion, then,
their neutral position is here defined as
that position when all muscles within the
limb are at their normal rest lengths, i.e.,
no muscles are elongated as a result of
torque forces, nor are any contracted to
generate torque forces. This definition
immediately raises another question: At
what instance(s), if any, during the walk-
ing and/or running cycle, are the tibia and
femur in the neutral position? I submit that
there can only be two instants when such is
the case: just prior to heel strike, and just as
the forward progression of the pelvis et.
al., moving in the transverse plane, reaches
the lateral midline of the body at mid-
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Figure 3. Foot/ankle complex’s adjustments to forefoot drop to achieve standing balance in the A-F plane:

A. Tibia is vertical to a non-cavus foot and floor (solid line) for A-P balance. Downward arrow represents CG.
Dotted line shows phasic 15 degrees of anterior rotation of the tibia prior to heel-rise at mid-stance.

B. Relationship of moderate forefoot drop to floor when tibia is in vertical position (solid line). Heel cannot
reach the floor. Dotted line shows the two adjustments that allow the heel to make contact with the floor: 1. The
midfoot and hindfoot are lowered together by rotation at the MP joints (the midfoot is hypomobile); 2. The tibia is
rotated anteriorly to the degree necessary to restore standing balance in the A-P plane.

C. Solid-line drawing depicts severe fore-foot drop. Range of anterior tibial rotation is insufficient to achieve
heel contact with the floor. The tibia must rotate posteriorly in order to gain the range required for restoring A-P
balance. Unfortunately, hyperextension of the knee joints must accompany this adjustment.

A Glaubitz modification under the midfoot and heel (shaded areas, B and C) restores the tibia’s normal
perpendicular relationship as well as the full functional anterioposterior range to the tibia.
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stance (Figure 4-A). It is only during these
two instants that all muscles are at their nor-
mal rest lengths, due to the position of the
tibia and femur whose actions affect them
{with respect to motion in the transverse
plane). Throughout the rest of the cycle,
these same muscles are elongated beyond
their normal rest lengths as each, to one
degree or another, is “wound” around the
tibia and/or femur. Once the foot has left
the ground, these muscles are now free to
“snap back” to their normal rest lengths.
However, it is important to note that they
do not go beyond their normal rest lengths
(“snap back” being a passive activity), for
to do so they would have to contract to
generate the necessary force for such ac-
tion. There is no evidence that concentric
contractions are initiated by any of the ex-
trinsic muscles of the foot to effectuate
internal tibial rotation during the swing
phase.

At heel-strike, then, both the tibia and
femur are in the neutral position with re-
spect to the transverse plane. Yet, only
one-half of the full range of internal rota-
tion has been completed (i.e., the “snap-
back” half of the range needed to match the
full range of external rotation which had
immediately preceded it). The other half of
internal rotation occurs between foot-flat
and mid-stance. Why? The answer lies
further up the kinetic chain. It is the posi-
tion of the pelvis at this time in the cycle,
with respect to the lower limb which has
just begun its stance phase, that points to
the answer. In this case, maintaining a
straightline of progression and economy of
motion are the primary functions of na-
ture’s arrangement. The pelvis, with re-
spect to the limb beginning its stance
phase, is obliquely behind with references
to the line of progression as viewed from
above (Figure 2).

It is known that during fast walking, the
increase in magnitude of the transverse
rotary motions of tibia, femur and pelvis
can exceed 50 percent of the range of aver-
age walking speed.'” As our interest is in
running, we will use the following ranges
throughout the remainder of this discus-
sion: tibia, 16 degrees; femur, 16 degrees;
and pelvis, eight degrees. All of these con-

venient even numbers are within normal
ranges for fast walking, and are, therefore,
conservative estimates for running. It is
not the magnitude of these motions alone
that should attract our attention, because
their direction and the phasic period(s)
within the walking cycle in which they
occur are equally important.

As walking speed increases, the mag-
nitude of these motions increases propor-
tionally. Therefore, it would seem to fol-
low that during running, the proportional
increase would be even greater, with ca-
dence having the same relevance as it does
during walking. A major component of
cadence (when speed is the consideration)
is an increase in stride length. Walking
speed can be increased by stepping up the
cadence without an increase in stride
length. With the latter gait, however,
Point A to Point B may be reached in a
shorter time, but the cost in energy ex-
pended to distance travelled is dispropor-
tionately high. In order to cover more
ground in less time (since increasing hip
flexion alone results in an inefficient
over-stride), a primary mechanism for in-
creasing stride length is to increase trans-
verse rotation of the tibia, femur, and
pelvis.

Returning to the walking cycle, we pick
it up as the left limb begins to rotate for-
ward in the sagittal plane. The weight
being borne by the right foot increases
a-pace with the left limb’s forward prog-
ression to mid-stance (Figure 4). From this
point on, the body is being fully sup-
ported by the right foot, throughout the
swing phase of the left limb. However,
with all the body’s weight positioned be-
hind and medial to the right foot, forward
rotation of the pelvis in the transverse
plane is seriously compromised, unless
accompanied by the phasic internal rota-
tion of the tibia in the transverse plane,
between foot-flat and mid-stance (Figure
5). In turn, the internal rotation of the tibia
cannot occur without placing the extrinsic
muscles of the foot on stretch as the tibia
turns.

Keeping the values assigned previ-
ously, the normal course of events, with
respect to the line of progression, would
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be eight degrees of internal rotation of the
tibia to accommodate for the oblique,
posterior position of the pelvis, which is
four degrees counterclockwise to the right
limb at foot-flat. Normally, the first eight
degrees of external tibial rotation that oc-
curs immediately following heel-rise at
mid-stance, reverses the eight degrees of
internal rotation the tibia was in, and
thereby, along with the femur, reverses
the four degrees the pelvis was in, thus
bringing the pelvis to the lateral midline.
The external rotation of the tibia and
femur continues on to the completion of
their respective ranges of 16 degrees each.
The last eight degrees of external tibial/fe-
moral rotation effectuates a four degree
rotation of the pelvis forward of the lateral
midline. The completion of the 16 degrees
of external tibial/femoral rotation is
reached at push-off. The muscles return to
their normal rest length during the swing
phase, causing the tibia and femur to re-
turn to their “neutral” positions (Figure 4).

Applying the same assigned values,
what effect would either a partial or total
absence of the lowering of the longitudinal
arch and the synchronous internal tibial
rotation have upon the running cycle?
What are the conditions that can inhibit
these two phasic motions during the
heel-to-toe gait of the runner with non-
cavus feet? Any condition that prevents
depression of the longitudinal arch at
mid-stance can be a causative factor.

For instance, when an insert is well
molded to encompass the heel and lon-
gitudinal arch in their neutral positions
and is sufficiently rigid to receive the full
weight of the body at mid-stance without
distorting, depression of the arch between
foot-flat and mid-stance is blocked, as is
the synchronous tibial internal rotation.
The immediate result is a shortening of
the stride length of the contralateral imb
which is in swing phase. This is caused by
denying the latter half of the full mag-
nitude of normal transverse internal rota-
tion of the tibia at the talocalcaneal (sub-
talar) joint. The heel everts at heel-strike,
which normally “unlocks’” the midfoot
with respect to the hindfoot, but the rigid
insert, as it firmly encases the hindfoot

and midfoot together, maintains a neutral
relationship between the two by me-
chanically “locking” both together. Al-
beit, the mid-foot still pronates with the
eversion of the heel, but the rigidity under
the arch prevents its phasic depression.
Thus, two important motions, depression
of the longitudinal arch and internal rota-
tion of the tibia, are inadvertently elimi-
nated from the normal sequence of events
within the walking and/or the heel-to-toe
running cycle(s) of non-cavus feet.

How does the elimination of these two
motions effectuate a shortening of the
stride of the limb in swing phase? Vis-
ualize alimb in stance phase that has been
denied the two motions discussed as mid-
stance is reached (Figure 5). At this time,
the triceps surae of the contralateral limb
pushes the contralateral limb off into its
swing phase. This thrust provides the
power to rotate the pelvis forward in the
transverse plane about the vertical axis of
the limb in stance phase. However, the
tibia is in a neutral position, i.e., the
phasic internal tibial rotation that would
normally occur between foot-flat and
mid-stance has been effectively blocked
by the rigid insert. The pelvis, taking with
it the limb in swing phase, begins moving
forward in the transverse plane about the
vertical axis of the limb in stance phase. At
this period of the cycle, the first half of the
tibia’s full range of external rotation is
now superfluous, i.e., it is not needed to
rotate the tibia to the neutral position as
mid-stance is reached because the tibia is
already in the neutral position.

The force that the left triceps surae is
able to generate, in order to pivot the pel-
vis et. al. forward under the circumstances
just described, is more than equal to the
task. The point of application of this force,
at the left outer rim of the pelvis, gives it
an enormous mechanical advantage. The
weight of the pelvis et. al., plus the re-
quired additional momentum, would
apply a greater amount of torque than
usual upon the muscles of the right limb
that would increase the amount of their
elongation to allow the tibia and femur to
rotate beyond their normal ranges.

However, in this case, the latter eight
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Figure 4. The contribution of rotations in the transverse plane to
symmetry of stride. Walking cycle; schematic view from above.

A. The bony pelvis (shaded area) and its related contour (solid
line) are shown in the mid-stance position, as indicated by the
solid-line right foot and left limb, with its flexed knee, at the
midpoint of its swing phase. The dotted outline of the pelvis and
left limb have continued forward to heel-strike, completing the
swing phase as shown by the dotted arrow on the left side. The
dotted-line circle on the right gives the direction and amount of
rotation of the right tibia to achieve the action presented. The
preceding eight degrees of internal tibial rotation, having occurred
between foot-flat and mid-stance, are not shown.

B. The bony pelvis and its related contour depicts the body’s
progress, upward and forward in the A-P plane, as the left femur
extends over the tibia and the tibia rotates over the foot to mid-
stance. The arrow on the right side shows the now counterclock-
wise forward rotation of the pelvis, from its previous position four
degrees posterior to the lateral midline at foot-flat, on through to
four degrees forward of the lateral midline, as the right limb
completes its swing phase. The dotted-line circle on the left gives
the direction and amount of rotation of the left tibia (the total
range) to achieve the action presented. Again, the preceding eight
degrees of internal tibial rotation, so essential to the symmetry of
stride, could not be shown.

C. The dotted outline of the bony pelvis demonstrates that the
upcoming full stride should be a mirror image of the preceding full
stride (shown in B)—the same amount of upward and forward
progression of the body through space in the A-P plane, the same
amount of pelvic and tibial rotation, but both now in a clockwise
direction. Though notshown, the preceding internal tibial rotation
was in a counterclockwise direction, the opposite of B’s stride.

Note: Since our primary interest is the foot/ankle complex, all
reference to transverse rotations of the femur were dropped. How-
ever, it is understood that internal/external rotations of the femur
are phasic with and closely mimic the range and direction of the
tibia throughout the walking and heel-to-toe running cycles.

Orthotic Control of Ground Reaction Forces During Running (A Preliminary Report)
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degrees of external rotation would force
the affected muscles to stretch twice their
usual required elongation. The stretching
of these muscles is a passive action. It is
known that muscle fiber cannot be pas-
sively stretched beyond 60 percent of its
normal rest length without rupturing.?”
The mechanical advantage of the triceps
surae’s action upon the pelvis is such that
the muscles within the right limb can be
stretched quite easily beyond the danger
point. All else being equal, however,
tearing at a muscle tendon junction, espe-
cially in persons over 30, is more likely to
occur than rupture of muscle fibers. In
younger individuals, evulsions occur
more easily than ruptures of tendons.?”
Figure 5 also demonstrates that there is
another very practical reason for limiting
the range of transverse rotations for the
purpose of lengthening one’s stride under
the circumstances just described.

It is now evident that rotation of the
tibia, femur, and pelvis in the transverse
plane can be directly related to the length
of stride. The amount of increase to stride
length that transverse rotation can safely
contribute is directly related to the fact
that these rotations cannot occur without
placing a large number of muscles, within
the limb in stance phase, on passive
stretch (eccentric contractions). The me-
chanical advantage the action of the tri-
ceps surae of the contralateral limb has
upon the pelvis, suggests that tendon tis-
sue within the limb in stance phase could
be subjected to excessive stress.

A substantial increase in push-off
thrust of the triceps surae and anterior
tibialis of the contralateral limb would
now be necessary. This increase in thrust
at push-off would be necessary to replace
the assistive force that would have been
supplied in the form of phasic eccentric
contractions by the musculature of the
limb in stance phase. This would seem to
be a contradiction of a previous statement
that there is no evidence that the muscu-
lature of a limb contributes to rotation in
the transverse plane during stance phase.
Such is not the case. The primary
biomechanical function of all eccentric
contractions is control. Nevertheless,

when a muscle is placed on stretch beyond
its normal rest length, its elastic proper-
ties enable it to store energy in a manner
not unlike an elastic band when stretched.
Like the elastic band, a muscle utilizes the
energy thus stored to return itself to its
normal rest length. Having gained the de-
sired control, nature also uses the energy
resulting from the eccentric contraction to
return the tibia and femur to their neutral
position during swing phase. It is the ab-
sence of this secondary source of energy,
due to the loss of internal tibial rotation
between foot-flat and midstance (bearing
in mind that the foot is receiving a rapid
increase in load during this period), that
necessitates an increased thrust by the
contralateral limb. There is an immediate
cost, an increase in energy expenditure.

The absence of internal tibial rotation
also eliminates placing the musculature of
the limb in stance phase into the necessary
amount of eccentric contraction to control
the tibial/femoral counterclockwise rota-
tions (as viewed from above). As seen
from above, the pelvis, as in normal cir-
cumstances, would still be positioned ob-
liquely four degrees posterior to the lateral
midline of the right limb at mid-stance.
Once the pelvis is posterior to a limb in
stance phase, the magnitude of external
tibial rotation must be limited to one-half
of the representative 16 degrees to avoid
injury.

From the foregoing analysis, we arrive
at these conclusions: Actual forward pro-
gression of the pelvis, through space via the
transverse plane, is a primary function of
external tibial/femoral rotation. The func-
tional range of external rotation for a step
forward (using the previously assigned
values) is eight degrees (Figure 2). The
functional range for a full stride forward
{using the same assigned values) is 16 de-
grees (Figure 4). The occurrence of inter-
nal tibial/femoral rotation between foot-
flat and mid-stance is a prerequisite to
extending a step into a stride.

To inhibit internal rotation of the tibia—
that normally occurs between foot-flat and
mid-stance—is decidedly not in the best
interest of a runner. To do so causes a
dilemma because his desire for speed
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Figure 5. Effect upon stride length when phasic de-
pression of the longitudinal arch is inhibited. Walk-
ing cycle; schematic view from above.

A. The bony pelvis (shaded area) and its outer
contour {solid line) are shown in the standing posi-
tion. Dotted-line contours show right limb at heel-
strike and left limb at heel-rise, i.e., the beginning of
the double-support phase. The pelvis has rotated
forward (counterclockwise) in the transverse plane
about the left limb, as shown by the dotted arrow on
the right side. The range and direction (counter-
clockwise) of the tibia’s rotation are represented by
the dotted-line circle on the left side.

B. The left limb has pushed off. The body has
progressed through space, upward and forward in the
A-P plane, as the right femur extends over the tibia
and the tibia rotates over the foot to mid-stance. The
solid-line contour of the pelvic region, the heel-strike
position of the left limb, and the forefoot portion of
the right foot (indicating mid-stance) demonstrate an
arrested forward advance of the pelvis at the lateral
mid-line following the phasic external rotation of the
tibia and femurin the transverse plane. Such anarrest
of forward advance of the pelvis can result from
wearing a molded rigid insert which inhibits phasic
depression of the longitudinal arch and its synchro-
nous medial tibial rotation in the transverse plane,
between foot-flat and mid-stance. As a result of the
blockage of phasic medial rotation (counterclock-
wise) of the right tibia (not shown), its external range
is shortened by half to eight degrees (dotted-line cir-

LINE OF PROGRESSION

cle on right side) because the tibia has been out-of-
phase in a neutral position from foot-flat to mid-
stance. The dotted-line contour of the pelvic region
and left limb demonstrate that any attempt at the full
range of external rotation (clockwise) of the right tibia
cannot effectuate forward progress of the pelvis be-
yond the lateral midline. Note how straightforward
progression would be jeopardized.
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urges him to a full-length stride, yet in-
hibition of internal tibial rotation dictates
ashortened stride in order to avoid injury.
We have found why the latter half of
internal tibial rotation in the transverse
plane occurs between foot-flat and mid-
stance. It is the key to maintaining control
of the forward advancement of the pelvis
during a heel-to-toe gait. The tibia’s com-
pletion of the latter eight degrees of inter-
nal tibial rotation, between foot-flat and
mid-stance, ensures a straight line of
progression and symmetry of stride. Eight
degrees of external tibial rotation reverses
the internal tibial rotation, thus bringing
the trunk to the lateral midline. Eight de-
grees of external tibial rotation brings the
trunk and contralateral limb to heel-strike
position. Symmetry is achieved during
each swing phase by a form of “catch-up”’
previously referred to as “snap-back.”

CONDITIONS I-VIII

The following is a list of eight conditions
of the foot/ankle complex which appear
with regularity in our Sports Medicine
Clinic. A discussion of the variety of com-
plaints made by patients who presented
one or more of these eight conditions
would be beyond the scope of this report.
Orthotic management of their symptoms
was clinically determined by the process of
elimination. That is, all known possible
causes (other than biomechanical ones) for
each of the patients’ complaints were
judged to be unrelated. Each condition
listed will be discussed individually from
an orthotic point of view, followed by the
orthotic solution and its rationale.

. Slight to mild excessive pronation in the
standing position

The patient has sufficient flexibility to
raise his longitudinal arch voluntarily,
while standing, without raising his heel or
forefoot from the floor. When viewed from
the back, his Achilles tendons indicate that
the usual related heel eversion occurs. The
patient is free of symptoms in all activities
except running.

I1. Severe pronation in the standing position

Hypermobility: Patient can raise the
longitudinal arch voluntarily with ease.
Transverse external/internal rotation of the
tibia and femur are very apparent with the
raising and lowering of the arch. The knee
also shifts in and out of a valgum position
with voluntary lowering and raising of the
arch. Severe eversion of the heels is evi-
dent. The patient reports that his feet are
often bothersome during the business day.

HI. Moderately rigid flat feet, usually in
conjunction with bowed tibia
This condition is usually reported to
have been asymptomatic until the patient
began running.

IV. Functional forefoot drop (“'cavus’ foot),
unilateral or bilateral

Previously unknown to patient. The
condition is hidden by involuntary, exces-
sive dorsiflexion or plantar flexion at the
ankle joint in order to effect heel contact in
the standing and mid-stance positions.
Patient was without symptoms prior to
taking up running.

V. Limited dorsiflexion

Hypomobility: inability to rotate tibia
forward beyond the neutral or mid-stance
position. Not responsive to Achilles ten-
don stretching exercises.

VI. Loss of eversion of heel

Hypomobility: os calsis cannot evert be-
yond neutral position.

This condition is most common among
the runners seen in our clinic.

VII. Heel in fixed inversion

Hypomobility: range of fixed inversion
of os calsis seen as much as 20 degrees from
neutral position. Amount of inversion may
or may not be the same bilaterally. The
patient is symptom free during activities
other than running.

VIII. Hypermobile transverse tarsal joint
Abnormal pronation of midfoot occur-

ring in this joint. This condition has been

seen in isolation. When not a part of a gen-
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Figure 6. The Flexible Polypropylene Insert: A. Viewed from the medial side, showing the molded reinforced heel
portion, the Velcro® instep control strap and the PPT foam longitudinal pad seen through the thin polypropylene.
Note the amount of forefoot drop. B. Three-quarter anterior view.

eral condition of hypermobility, it seems to
be the result of long-term running, fol-
lowing the loss of phasic eversion of the
heel and/or limited anterior tibial rotation
due to functional forefoot drop.

CONDITION 1

Comments from an orthotic point of
view

If a patient has normal range of ever-
sion/inversion of the os calsis and is
asymptomatic throughout his daily ac-
tivities, other than running, his range of
pronation when standing is directly related
to the angle of his subtalar joint axis and
therefore natural to him. However, intro-
duce to such a pair of feet a regimen of
running, which automatically increases
the impact to the lateroposterior border of

the heel by a factor of 2.5 to 3.0 times body
weight, and injury would seem to be only
a matter of time.

This occurs for the following biome-
chanical reasons: The increased impact to
the lateroposterior border of the os calsis
increases the moment of heel eversion by
the same factor of 2.5 to 3.0. It is reason-
able to assume that such a force causes a
greater degree of eversion of the heel to
occur, particularly as supportive muscu-
lature tires during a long run. The increase
in the range of heel eversion automatically
increases the amount of pronation of the
midfoot.

The angle of the axis of the subtalar joint
normally determines the “neutral” posi-
tion of the longitudinal arch. However,
given repeated applications of force to the
os calsis (of the magnitudes known to occur
when running) for several thousand cycles
in rapid succession and as muscles fatigue,
such forces are more than likely to weaken
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the ligaments supporting the multiple
jointings within the midfoot. Since hind-
foot eversion and midfoot pronation are
passive motions, i.e., they are not initiated
by muscular activity but by external floor
reaction forces, control of the range of
either motion is determined by the A-P
angle of the subtalar joint axis and by the
geometry of the articulations involved. An
increase of the interspaces between these
articulations, due to weakened ligaments,
can lead to serious breakdown of the
biomechanical checks that keep these

motions within normal ranges. That attri-
tion can be an important contributing
factor to the cause of injuries, when bio-
mechanical malalignment and/or weak-
ened ligaments are present, is a conclu-
sion that is hard to dismiss.

Orthotic solution to Condition |

1. A longitudinal arch pad is cemented
to the upper surface of the removable in-
nersole of a new running shoe(s). It is im-
portant to this conservative treatment that

Figure 7. The Lateral Cushion Heel Wedge. A. Posterior view. The cushion wedge is shown on the posteriolateral
portion of the left shoe. Note the downward inclincation to thelateral side. B. Lateral view showing the tapering of
the cushion wedge to a zero point, distal to the fifth metatarsal head. C. A flexible polypropylene insert shown ina
running shoe. The thinness of the polypropylene is evidenced by the design on the shoe’s innersole showing
through the bottom of the insert.
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the running shoes, if previously worn,
have not been distorted by the patient’s
pronated stride. If the running shoe does
not have a removable innersole, the arch
pad is cemented onto the inner surface at
the proper location. The arch pad is made
of 0.5-inch thick PPT™ foam.

2. A lateral cushion heel wedge is
applied to the lateral border of the running
shoe(s) (Figure 7). It is also important not
to attempt to apply the cushion wedge to a
distorted shoe(s). (See Orthotic solution to
Condition II for a description of the lateral
cushion heel wedge.)

Rationale for use of lateral cushion
heel wedge for Condition I

The PPT™ arch pad offers dynamic con-
trol of the compressive effect of the body’s
weight upon the foot during mid-stance,
but it cannot control excessive pronation
at any point between foot-flat and mid-
stance, because pronation has already oc-
curred by then, i.e., at heel-strike, along
with the eversion of the heel. The lateral
cushion heel wedge controls heel eversion
at heel-strike by limiting its range to nor-
mal dynamic requirements of the run-
ner’s cycle. (See Condition II for a de-
scription of how the lateral cushion heel
wedge functions.)

CONDITION II

Comments from an orthotic point of
view

We have just concluded that the purpose
of the latter half of internal tibial rotation
occurring between foot-flat and mid-stance
is related to bringing the pelvis (when ob-
liquely posterior to the limb in stance phase)
forward to the lateral midline. In the lateral
midline position, the pelvis is perpendicu-
lar to the line of progression, and the tibia
and femur are in their neutral position in
relation to the line of progression as well
as to the right foot in stance phase (Figure
4).

From its lateral midline position, the pel-
vis continues its transverse rotation about

the right limb, forward of the lateral mid-
line, The left foot now completes its stride as
its heel contacts the ground. The force gen-
erated by the weight of the pelvis and its
forward momentum has externally rotated
tibia and femur in the right limb simulta-
neously. As the double support period is
reached (as viewed from above), the pelvis’
position, with respect to the right limb, is
forward, i.e., the reverse of its relationship
in the preceding double support period.
Thus, the symmetry of internal/external ro-
tation of the tibia and femur, which is es-
sential to a straight line of progression, is
maintained throughout the cycle. If oneis in
doubt as to the contribution of these trans-
verse rotations to economy and efficiency of
gait, observe a toddler walking or running.
His side-to-side wobbling gait is largely
due to the lack of (as yet unlearned) rotary
motions in the transverse plane.

Excessive depression of the longitudinal
arch is accompanied automatically by exces-
sive internal rotation of the tibia. This con-
dition places the foot’s related extrinsic
muscles continuously on stretch throughout
the stance phase. This constant stretching
during weightbearing causes permanent
elongation of the muscle tissue. Unlike a
normal, in-phase, eccentric contraction, the
rest length of the muscle tissue is overex-
tended, thus reducing the control associated
with eccentric contractions. The motive
power of concentric contractions is also
seriously compromised. The most difficult
dysfunction to treat, that results from such
hypermobility, is the hindfoot's loss of con-
trol of the midfoot between heel-rise and
lift-off.

Orthotic solution to Condition II

A flexible polypropylene shoe insert is
vacuum-formed of Y16 inch polypropylene
over a plaster of Paris model of the patient’s
foot. The form is trimmed to cup the entire
heel. The medial and lateral trim lines are
extended to encompass approximately
one-third of the dorsal surface of the foot.
The distal trimline is at the distal edge of the
metatarsal heads, in order to permit free-
dom for full flexion of the MP joints and to
avoid any impingement of the metatarsal
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heads by the edge of the insert. Before
forming the polypropylene, a stock, pre-
formed, firm rubber longitudinal pad is ce-
mented to the model under the arch posi-
tion. Once the polypropylene is formed, a
longitudinal pad of the same shape (¥s to 2
inch thick at its center) is made of PPT®
foam. The trimmed insert is placed over the
model and the outline of the firm rubber
pad is traced on its outer surface. The PPT™
foam longitudinal pad is cemented to the
inside of the insert within the outline. A Vel-
cro® strap is attached to cross over the
proximal portion of the instep when addi-
tional control is needed (Figure 6).

Out-of-phase flexibility of the 16 inch
polypropylene insert is controlled by a
snugly laced running shoe. Since the uppers
of running shoes are made of woven mate-
rials, when drawn in by the laces the upper
hugs the insert firmly from the sole level up
about the sides and over the top of the in-
step. The flexibility of the materials used in
running shoes is such that the uppers
quickly assume the shape of malaligned
feet, whereas the polypropylene insert, al-
though flexible, is not stretchable and will
not assume unwanted shapes. There is a
“marriage” of the design characteristics of
both the insert and the running shoe, each
complementing the other to ensure the in-
tegrity of hindfoot to midfoot throughout
the running cycle. Thus, the normal ranges
of phasic motions are not inhibited, but ab-
normal magnitudes and/or out-of-phase
motions are not permitted.

To achieve the control just described, it is
essential that the dynamics of both heel and
midfoot be free to perform their motions in
proper sequence and within their normal
ranges throughout the running cycle. This is
accomplished by encompassing the heel
and midfoot in a single, intimately fitting
polypropylene form of the foot in the neutral
weightbearing position. The mechanical
encasement of heel and midfoot of a se-
verely pronating foot mimics the normal
funciton of the heel at heel-strike, i.e., the
midfoot and forefoot follow the direction of
the heel at heel-strike, but the normal
amount of depression of the longitudinal
arch will not occur prior to the rapid buildup
of weight between foot-flat and mid-stance.

The intimately formed insert holds the hy-
permobile midfoot to its normal relation-
ship to the heel without inhibiting the dy-
namics of a normal amount of depression of
the arch, which is allowed as the PPT™ pad
under the arch compresses. With controlled
depression of the midfoot, synchronous
internal tibial rotation also occurs in the
proper phase of the cycle. During this same
period, the insert offers sufficient resistance
to prevent destructive magnitudes of either
of these two motions.

As the heel begins to rise and the center of
gravity moves over the forefoot, the normal
action of “locking” midfoot to hindfoot by
the inversion of the heel is assimilated by
the intimate encasement of both these re-
gions of the foot. The design again mimics
nature by ensuring that, as the heel inverts,
the midfoot must go with it—i.e., the lon-
gitudinal arch rises and the tibia synchro-
nously rotates lateralward, in the transverse
plane, in their normal sequence in the cycle.
Thus, excessive pronation is prevented
from occurring, without inhibiting normal
dynamics, at a time in the cycle that is par-
ticularly destructive. The control just de-
scribed is particularly important in cases
where the transverse tarsal joint is hyper-
mobile because, as the heel inverts and the
tibia rotates externally, the midfoot will
continue to pronate out-of-phase. In such
situations, the forces acting upon the extrin-
sic muscles that insert onto the midfoot are
of a high magnitude, and these muscles are
in danger of being stretched beyond their
passive limits. Also, the flexibility of the
insert’s distal portion allows normal fore-
foot abduction to occur, in phase, without
interference.

Although the design of the flexible poly-
propylene insert returns control of the
midfoot to the heel without interfering with
normal dynamics of the foot, there is one
other essential control that it cannot pro-
vide. The insert cannot control the mag-
nitude of the impact to the posteriolateral
border of the heel, which is generated by
the ground reaction force at heel-strike. In
short, neither this nor any other insert can
control eversion of the heel. This is because
the motion is passive, that is, the motion is
caused by an external force prior to the
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Figure 8. A schematic posterior view of the right heel: A. A lateral cushion
heel wedge is shown at the first instant of contact. B. The action of the
cushion heel wedge is depicted as it places the foot parallel with the floor,
in either the standing or midstance position. This balanced weight dis-
tribution is maintained during periods of weightbearing. (From Orthot-
ics and Prosthetics, Vol. 27, No. 2, reprinted by permission).

weightbearing phase. The floor reaction
force will evert the heel to whatever degree
allowed by the axis of the subtalar joint,
regardless of the surface contouring within
the shoe on which the heel rests.

Orthotic solution to Condition II: The
lateral cushion heel wedge (U.S.
Patent No. 3738373)

A lateral cushion heel wedge® (Figure 7)
is incorporated into the shoe heel, in con-
junction with the flexible insert, to control
unwanted effects from impact at heel-
strike. The cushion heel wedge is an inte-

gral part of the dynamic control system for
the hypermobile foot. The control pro-
vided by the wedge is twofold: it reduces
the magnitude of impact, and it limits heel
eversion at heel-strike to normal dynamic
requirements (Figure 8).

Design Rationale

Whereas, conventionally, a solid medial
heel wedge is used to block valgus motion
of the heel statically by placing the heel in
a position of inversion upon weightbear-
ing, the action of the lateral cushion heel
wedge is diametrically opposite in func-
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tion. When two shoes, one with a solid
medial wedge and the other with a lateral
cushion heel wedge of equal height, are
placed side by side on a flat surface and
viewed from behind, the medial side is
higher on the shoe with the medial wedge,
but the lateral side is higher on the shoe
with the lateral cushion heel wedge. At
heel-strike, the foot of the runner wearing
the solid medial heel wedge is positioned
upon an unyielding, inclined plane which
prevents the heel from achieving a bal-
anced or neutral position in the M-L
plane. The foot of the same runner wear-
ing a lateral cushion heel wedge would
experience the following;:

The instant the posteriolateral border of
the shoe heel contacts the ground, the lat-
eral cushion heel wedge begins to com-
press as the superincumbent weight from
above rapidly increases. As the cushion
wedge compresses, it absorbs and thereby
delays for an instant the progress of the
initial weight passing through it down to
the ground.

Within that first instant, the lateral half
of the heel due to its greater thickness,
contacts the ground slightly before the
solid medial half has made contact. By the
time the cushion wedge has compressed
to a level parallel with the ground, the
solid medial half of the heel has also made
contact.

The lateral cushion heel wedge cannot
change the rate of descent of the body’s
weight to either side of the heel. It can,
however, and does, effect a change in the
amount of weight that reaches the ground
at a given instant in time, e.g., at the in-
stant of heel-strike. The change is due to
the “storing” of an unknown amount of
weight by the lateral cushion heel wedge.
The result is a slight difference in the
amount of force making contact with the
ground at any given instant in time, be-
tween heel-strike and heel-rise, through
the medial and lateral halves of the shoe
heel. In turn, the floor reaction force is
proportionately imbalanced either side of
the shoe heel. With the medial half of the
heel receiving a greater force than the lat-
eral half, a force-couple is produced which
acts dynamically to maintain the os calsis

in a position parallel to the ground (Fig-
ure 8).

As the tibia rotates anteriorly and inter-
nally following foot-flat, bringing the
body’s center of gravity forward and me-
dialward over the midfoot, the load upon
the os calsis increases rapidly. However,
this rapid buildup of weight upon the
shoe heel cannot affect the imbalance of
ground reaction forces caused by the lateral
cushion heel wedge, once the force-cou-
ple, acting upon the subtalar joint, is acti-
vated at the instant of heel-strike. With
the preponderance of ground reaction
force now passing medial to the axis of
the subtalar joint, a moment of inversion
is now acting upon the subtalar joint, in-
stead of the phasic eversion moment that
would otherwise be generated at heel-
strike. The heel does not go into inver-
sion, however, because the superincum-
bent weight and the floor reaction force on
the medial side of the heelhave equalized.

In order to produce a force-couple to
control dynamically the eversion moment
about the A-P axis of the subtalar joint at
heel-strike, the action of the cushion heel
wedge must be very quick. For example,
Cavanaugh and Lafortune* report that a
runner, running at a speed of six minutes
a mile, travels from heel-strike to mid-
stance in 42 milliseconds (ms). The mean
ground contact time for 12 heel-toe run-
ners tested was 188 ms per each foot at the
same speed.*

A most pertinent finding from the same
study was that the Z force was not re-
corded before a magnitude of 50 Newtons
(110.23 Ibs) was reached. This magnitude
of vertical force was reached approxi-
mately two ms after heel-strike. These fig-
ures indicate that the lateral cushion heel
wedge must compress much faster than
two ms in order to shift successfully the
preponderance of oncoming superincum-
bent weight to the medial side of the heel,
before rapid buildup can overpower the
lateral cushion wedge and result in a fail-
ure to control eversion of the heel. The
speed with which the lateral cushion heel
wedge must react at heel-strike is indica-
tive of the need for the wedge to be incor-
porated into the shoe heel. For instance,
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were the cushion wedge placed inside the
heel of the shoe, or under the heel portion
of an insert, the delay in reaction time, in
either case, would be sufficient to render
it useless to runners.

CONDITION III

Comments from an orthotic point of
view

The oblique angle at which the body’s
weight is received by the feet is due to the
bowed tibiae. Were nature not to make this
accommodation, the feet would be forced to
receive the superincumbent weight in an
untenable varus position. The oblique angle
of the tibiae in a medial direction dictates
that the feet accommodate by pronating.
The lateral to medial direction, from which
such feet receive the body’s weight, due to
the tibiae’s lateral bowing, generates a
moment that everts the os calsis about the
axis of the subtalar joint, a moment of
greater mechanical advantage than under
conventional circumstances. The prona-
tion accompanying bowed tibiae is both
necessary and ““natural.” Consequently, no
attempt should be made to alter the align-
ment of the foot/ankle complex which the
patient presents when standing.

With few exceptions, these patients were
asymptomatic prior to taking up running,
and they continue to be without discomfort
except when running. What phase(s) of the
running cycle are most abusive to the run-
ner with bowed tibiae and pronated feet?
Decidedly, at heel-strike and, if the trans-
verse tarsal joint is weakening, from heel-
rise to push-off. At heel-strike, the moment
to evert the heel is 2.5 to 3.0 times the
runner’s body weight versus 1.2 times
when walking. Since these individual’s
heels are already aligned well beyond the
normal eversion range at impact, with re-
spect to their tibiae, it is reasonable to as-
sume that heel-strike is the most damaging
phase of the cycle to the foot/ankle com-
plex. Once the heel leaves the ground and
begins to rotate into inversion to lock the
midfoot in preparation for push-off, the
longitudinal arch, already depressed be-
yond the normal range of conventional
alignment, may remain depressed if the os
calsis’ inversion action cannot control the
midfoot due to a loose transverse tarsal
joint.

Orthotic solution to Condition II1

® Bilateral, lateral cushion heel wedges to
running shoes, which will check fur-
ther eversion of the os calsis at heel-

Figure 9. Lateral view of running shoe with Glaubitz modification for functional drop foot on left. Standard shoe
on right.
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strike in the manner previously de-
scribed.

® Commercial Spenco® compressible
arch supports to resist further un-
wanted depression of the longitudinal
arch, if required, for the reason previ-
ously stated. A firmer arch support
would be too restrictive, uncomforta-
ble and, not incidentally, would in-
hibit the dynamics natural to such feet.

® If the above fails to give relief, the
problem is a lack of anatomic control at
lift-off. A flexible polypropylene insert
with reinforced heel portion and Vel-
cro® instep strap is required to restore
contol of the midfoot (Figure 6).

CONDITION IV

Comments from an orthotic point of
view

This condition is not easy to detect be-
cause it is natural to the patient, and he/she
has throughout his/her life unconsciously
masked the condition in order to effect heel
contact in the standing and/or midstance
positions. This the patient does in either of
two ways: 1) anterior tibial rotation, the
more common adjustment, is accompanied
by posteriorward rotation of the pelvis to
bring the center of gravity back over the feet
to maintain postural balance in the A-P
plane {(When viewed from the side, the pa-
tient’s posture is mildly reminiscent of the
balancing stance of the paraplegic); 2) post-
erior tibial rotation is accompanied by hy-
perextension of the knees to bring the center
of gravity forward over the feet to maintain
balance in the A-P plane (Figure 3).

To the heel-to-toe runner, the uncon-
scious postural accommodation for func-
tional forefoot drop, i.e., anteriorward ro-
tation of the tibia at midstance, is signif-
icant for both their immediate and longterm
effects. An immediate result of this accom-
modation is a shortening of the stride length
of the contralateral limb, because at mid-
stance the tibia of the limb in stance phase,
which is normally identical to standing
alignment, may have no tibial anterior rota-
tion range left. The amount of anterior tibial

rotation left at midstance is proportional to
the amount of forefoot drop. For example,
for each Y16 inch the plantar surface of the
forefoot is lower than the heel’s plantar sur-
face, the tibia will rotate forward approxi-
mately two degrees to achieve a plantigrade
position. Thus, a % inch difference be-
tween the forefoot and the heel requires ap-
proximately five degrees of anterior tibial
rotation, a ¥2 inch difference requires ap-
proximately ten degrees, etc. The greater
the amount of forefoot drop, the more of
the normal maximum range of 20 de-
grees of anterior tibial rotation (dorsiflex-
ion) about the talocrural joint!® ? 2 is used
out-of-phase to achieve balance in the A-P
plane during midstance.

During normal walking or heel-to-toe
running, between midstance and toe-off,
the tibia rotates anteriorly 15 to 20 degrees
before the heel leaves the ground. The tibia
of a runner with a %2 inch forefoot drop, for
example, is already in a position of ten de-
grees of anterior rotation at midstance. If he
is running fast, it is reasonable to assume he
will utilize the full 20 degree range of tibial
anterior rotation as he extends the stride
length of the limb in swing phase. Conse-
quently, since 50 percent of the total range
has previously been used in an out-of-
phase manner, the stride of the limb in
swing phase will be shortened proportion-
ally. The runner has but one option to make
up for the deficiency in stride length—he
must extend the weight of his body verti-
cally by “vaulting” over the MP joints of his
forefoot on the stance phase side. Preceding
the vaulting, the heel mustrise prematurely,
which action prolongs the time (by 50 per-
cent) that the midfoot must bear the brunt of
the body’s weight during the running cycle.
The increased stress placed upon the trans-
verse tarsal joint under such circumstances
is not hard to imagine, especially as the
extrinsic muscles of the foot tire during a
run. Also, it is not unreasonable to assume
that energy expenditure increases substan-
tially due to having to raise the body higher
with each cycle of the run—a use of energy
that is counterproductive to efficient for-
ward progression. Functional forefoot drop

“cavus” foot) also subjects the Achilles
tendon to severe stretching which can cause
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tendonitis and, if ignored, microtearing of
the tendon.

When the condition is unilateral (which
in our experience has been infrequent),
there is an additional factor to be consid-
ered, i.e., once the heel of a limb with
forefoot drop is off the ground, the in-
volved limb is functionally longer than
its opposite member. Since the full range
of in-phase anterior tibial rotation is
blocked, the normal 15 to 20 degree range
of knee flexion that simultaneously occurs
between heel-rise and toe-off is limited to
a proportional degree; hence the func-
tionally ‘longer’ limb and further need to
vault over the MP joints.

This functional leg length discrepancy
and the vaulting that accompanies it
causes an asymmetrical running gait
which is manifested in three important
ways: The involved limb causes the unin-
volved limb to drop lower to achieve
heel-strike, thereby increasing the im-
pact; the trunk will flex laterally to the low
side and place abnormal stress upon the
hip abductors on the involved side, par-
ticularly the gluteous medius muscle; the
stride length of the uninvolved lower limb
will be shorter. When this condition in-
volves both lower limbs, stride length is
shortened bilaterally, and a highly
wasteful increase in energy expenditure
due to bilateral vaulting is a consequence.

Orthotic solution to Condition IV

An adaptation to the Glaubitz shoe
modification®**! is used to restore the tibia
to its normal position perpendicular to the
foot and ground when standing and/or at
midstance during the cycle. The construc-
tion of running shoes is such that they do
not lend themselves to the conventional
Glaubitz forefoot drop modification (Fig-
ure 9).

For mild forefoot drop, a lift contoured
to the heel and midfoot is placed inside
the shoe. When the patient is standing or
the limb is in the midstance position with
the Glaubitz modification, the aphasic
anterior tibial rotation adjustment is no
longer necessary in order for his heel to
make contact with the ground. Thus, the

normal range of anterior tibial rotation can
now occur in phase, i.e., between mid-
stance and toe-off, because the tibiae’s
range is no longer dissipated by an out-
of-phase motion to lower the heel to make
contact with the ground.

When the forefoot drop is unilateral, a
matchingliftis applied in or to the shoe on
the non-involved side. This is necessary
to level the pelvis. It is also necessary to
prevent the development of genu recur-
vatum in the involved limb. These heel
lifts are made of firm, lightweight crepe. A
softer material is not used because, when
resting upon the average running shoe’s
.75 to 1-inch polyvinylacetate (PVA) foam
midsole, the additional softness causes
M-L instability.

CONDITION V

Comments from an orthotic point of
view

When the foot is non-weightbearing, it
cannot dorsiflex, either passively or ac-
tively, beyond the neutral position. The
runner is unable to rotate the tibia(e) for-
ward beyond the neutral position at mid-
stance, causing premature heel-rise and the
necessity to vault over the M-P joints. The
tight Achilles tendon does not respond to
stretching exercises. This condition results
in a shorter stride length and an increase in
the percentage of time within a cycle that the
midfoot must support the superincumbent
weight. Great stress is placed upon the
transverse tarsal joint(s), particularly as the
extrinsic and intrinsic musculature of the
foot fatigue. Aphasic pronation is likely to
occur following heel-rise in the attempt to
compensate for the absent phasic anterior
tibial rotation.

Orthotic solution to Condition V:
The rocker bar

The rocker bar or “rollover”? is used for
the same purpose as it is used generally, i.e.,
to relieve stress upon the transverse tarsal
joint by mechanically raising the heel at the
proper time within a walking cycle. This is
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Figure 10. Lateral view of running shoe with rocker bar or “rollover” on left. Standard shoe on right.

done by ‘rolling” the body's weight
smoothly onto the forefoot (Figure 10). This
action of the rocker bar is of primary im-
portance to a runner, as it eliminates the
necessity to vault over the M-P joints and
restores the normal length of his stride. The
timing of heel-rise is regulated by proper
positioning of the rocker bar’s apex with
respect to mid-stance and the M-P joints.

Applying arocker bar to arunning shoe is
not as simple a procedure as applying one to
a conventional shoe. The process is compli-
cated by two features of running shoes:
their gridded contact soles and the need to
preserve these soles’ high friction surface,
and the “wedgie”-like flatness of their con-
tact surface.

The preservation of these two features,
friction and flatness, necessitates removal of
the gridded sole and the addition of a full-
length, Y2 to 5 inch thick, lightweight, firm

crepe to the midsole. The addition is then
sanded to form an apex directly behind the
metatarsal heads to zero inches at the toe
end and angled at the heel end to match the
original heel contour. The gridded friction
sole is then recemented over the added
crepe rocker midsole. The rocker should
raise the heel a minimum of 15 degrees
(Figure 10).

Care must be taken not to introduce M-L
instability by increasing the sole height to a
point that magnifies the M-L moments act-
ing upon the foot during stance phase. To
prevent unwanted M-L instability, grind
away an appropriate amount of the PVA
foam midsole before cementing the firm
crepe material to it. Unless there is a leg
length discrepancy, a matching lift must be
added to the opposite shoe in order to
maintain a level pelvis.
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CONDITION VI

Comments from an orthotic point of
view

The os calsis cannot evert beyond the
neutral position. This condition is very
common among runners seen in the Indiana
University Sports Medicine Clinic. All but
“elite” runners have a heel-toe running
gait. A three-year videotape study of the
Boston Marathon showed that 98 percent of
the participants “‘generally strike the
ground on the outer hee].”2 Fart Il

Since depression of the midfoot (lon-
gitudinal arch) is known to have a shock
absorption function, and that eversion of
the heel automatically places the foot in a
pronation mode, prior to the occurrence of
the depression, it is reasonable to assume
that everting of the os calsis at heel-strike is
an integral part of the shock absorption
mechanism of the foot. It would appear to
follow, then, that inability to evert the os
calsis may seriously inhibit the shock ab-
sorption function of the foot. Furthermore,
it is likely that detrimental consequences
may affect the entire kinetic chain, particu-
larly with regard to attritional factors over
the long term. When one considers the force
with which a runner’s heel strikes the
ground, it is difficult not to reach the con-
clusions expressed above.

Orthotic solution for Condition VI:
The lateral cushion heel wedge

It has already been described how the
lateral cushion heel wedge prevents exces-
sive pronation, when used in conjunction
with an insert, by dynamically controlling
heel eversion beyond normal range. The ra-
tionale for the use of the lateral cushion heel
wedge, when eversion of the heel is not
anatomically possible, is based upon its
ability to reduce the magnitude of impact at
heel-strike.

Prior to heel-strike, the descent of the
body may be said to be “falling free.” The
first point of contact is the lateroposterior
border of the heel. The ground reaction
force, at this point lateral to the axis of the
subtalar joint, generates a moment of ever-

sion to the heel. The magnitude of this mo-
ment is linked to the velocity of the body's
fall. For example, the force of impact to the
lateroposterior border of a shoe heel of the
currently best shock absorption rated run-
ning shoe® absorbs all but 1.62 Gs of the
impact force, which is normally at least 21/
times the runner’s weight. The kinetic chain
is subjected to a shock of 1.62 times the body
weight when this shoe is worn, instead of
232 times the body weight.

A runner wearing shoes with the above
rating, for example, who weighs 150
pounds, strikes the ground with an impact
of 375 pounds. Were he wearing a running
shoe incapable of absorbing any portion of a
2.5 G force, the ground reaction force would
be equal to the full impact of 375 pounds.

Let us assume that the lateroposterior
point of contact of his shoe heel is a half-
inch from the axis of his subtalar joint. Mul-
tiplying the half-inch radius to the forceline
by 375 pounds produces a moment of 187.5
inch pounds, or 15.6 foot pounds. The shoes
with the above rating are said to absorb all
but 1.62 Gs (or 35 percent less) of the 375
pounds, which would reduce the ground
reaction force to 244 pounds.® When the 244
pounds is multipled by the half-inch radius,
the product is now 122 inch pounds, or 10.1
foot pounds of moment to evert the heel.
Whether it is 15.6 or 10.1 foot pounds of
moment acting to evert a heel that anatom-
ically cannot evert, either one is very jarring
to the kinetic chain. A distance runner may
run 130 km (80 miles) per week in training,
which would subject each lower limb to ap-
proximately 40,000 such impacts over each
seven-day period.*

The lateral border of a running shoe with
a lateral cushion heel wedge is 316 inch
thicker at its heel portion than at the shoe
heel’'s medial border. This lateral wedge
tapers to zero inches to a point just behind
the head of the fifth metatarsal (Figure 7).
From the instant of contact at heel strike, the
posteriolateral border of the cushion wedge
compresses rapidly, well before the first
peak load is reached. The extra thickness of
cushion provides an instant delay in trans-
fer of the initial superincumbent load
through the lateral portion of the shoe heel
to the ground. As previously described,
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within the minute time frame that immedi-
ately follows heel-strike, an imbalance of
floor reaction forces is effectuated by the
cushion’s action, i.e., a higher magnitude
under the medial side, there being no delay
of the descending superincumbent load on
its side.

However, it is the lateral border of the
heel that first makes contact with the ground
and therefore, the first imbalance of floor
reaction forces is lateral to the subtalar axis
and generates a moment of eversion. Also,
the time frame in which this initial imbal-
ance operates is extremely short, since the
superincumbent weight is still falling at a
rapid rate.

Whether or not the os calsis is anatom-
ically able to evert, a moment to evert it is
generated at each heel-strike. However, the
lateral cushion heel wedge has served its
purpose, for as it continues to compress, the
medial portion of the heel is receiving a
rapid and equal increase in vertical load.
Since the free-fall weight has been uninter-
rupted on the medial side from the begin-
ning, by the time the cushion has com-
pressed to the point that the shoe heel is
parallel to ‘the ground, the floor reaction
force is of greater magnitude on the medial
side of the subtalar joint axis. The result is a
moment of inversion to the heel which is in
effect throughout the short time the heel
remains in contact with the ground.

Thus, the lateral cushion heel wedge effi-
ciently reduces the initial shock at heel-
strike and simultaneously reduces the ever-
sion moment to the heel, while maintaining
the heel parallel to the ground during
weightbearing.

The sequence of events just described oc-
curs so rapidly during running that the role
of the lateral cushion heel wedge for Condi-
tion VI is exclusively that of a very efficient
shock absorber. This shock absorber effect
is due to the anatomical inability of the os
calsis to respond to a relatively light ever-
sion moment which the wedge effectuates
in the first instant of heel contact. The shock
absorption is twofold: The subtalar joint is
relieved of a high magnitude joltin the form
of an eversion moment, and the rest of the
kinetic chain is relieved of a severe vertical
jolt normally generated by the ground reac-
tion force at heel-strike.

CONDITION VII

Comments from an orthotic point of
view

The amount of fixed inversion of the os
calsis seen in clinic has been as much as 20
degrees. The amount of inversion may or
may not be the same bilaterally.

Biomechanically, this condition presents
the same problems as Condition VI, limited
heel eversion. However, it is quite possible
that the eversion moment normally gener-
ated at the instant of heel-strike may cause
additional premature inversion of the heel
due to its inverted position. If this is the
case, the lateral cushion heel wedge can in-
hibit this out-of-phase heel motion by re-
ducing the impact at heel-strike.

Orthotic solution for Condition VII:
The lateral cushion heel wedge

The rationale is the same as that for Con-
dition VI.

CONDITION VIII

Comments from an orthotic point of
view

When standing, the patient presents an
abnormally pronated midfoot, but when
viewed from behind the os calsis is not
everted (the Achilles tendon is perpendicu-
lar to the ground). The integrity of hindfoot
to midfoot has been lost. The most serious
consequence of this condition is loss of the
heel’s ability to “lock” the transverse tarsal
joint as it rotates into inversion following
mid-stance. The result is that as the hind-
foot inverts and the limb simultaneously
rotates externally in the transverse plane,
the midfoot will rotate medially in the fron-
tal plane as the center of gravity advances
over the midfoot.
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With the flexing of the metacarpophan-
geal joints to the toe-off position, the center
of gravity moves forward over the forefoot,
the region where maximum vertical forces
occur at push-off.* It is at this end of the
stance phase that the runner’s pronated
midfoot is most vulnerable. The “Spanish
windlass’ action of the plantar aponeurosis,
which passively raises the longitudinal arch
as flexion occurs at the MP joints, is also
inoperative when hindfoot/midfoot integ-
rity is lost.

Orthotic solution to Condition VIII:
The flexible polypropylene insert

The rationale and use of the flexible
polypropylene insert are essentially the
same as described for Condition II, severe
pronation of the midfoot. However, due to
the hypermobility of the transverse tarsal
joint, restoring control of the midfoot to the
hindfoot requires two additional compo-
nents (previously mentioned) to the flexi-
ble insert design: a corrugation-like rein-
forcement is incorporated into the heel
portion when the %16 inch thick poly-
propylene insert is vacuum-formed; a Vel-
cro® strap which passes over the proximal
area of the instep is attached to the insert
{Figure 6). The purpose of adding one or
both components is to prevent mediolat-
eral spreading of the heel portion of the
insert, which reduces the intimacy of fit,
resulting in loss of control. The amount of
laxity present in the transverse tarsal joint
is usually a reliable indicator of whether
the Velcro® instep strap will be necessary.
Also, the Velcro® strap is mandatory for
heavy individuals. Molding the insert out
of thicker polypropylene for a heavier per-
son is neither feasible nor tolerable, be-
cause its rigidity interferes with the dy-
namics of the running cycle.

During the past two years, 30 runners
seen in our Sports Medicine Clinic have
been using the flexible polypropylene in-
sert with gratifying success. There are 65
runners now using the lateral cushion heel
wedge; many of them have worn out sev-
eral pairs of running shoes with cushion
heel wedges during this period.
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A New Orthosis for Fixation
of the Cervical Spine—Fronto-
Occipito-Zygomatic Orthosis

Toshiro Nakamura, O.A.
Mitsuru Oh-Hama, M.D.
Hikosuke Shingu, M.D.

INTRODUCTION

Most of the cervical orthoses for long-
term fixation due to cervical spinal injury
and other disorders, the Halo orthosis
excluded, not only restrict the mouth
movement to speak and to eat, but also give
insufficient fixation against rotation be-
cause they have the fixing points on the
mandibular occiput and body. A cervical
orthosis was devised which does not fix on
the mandible, to allow the mandible to
move freely and which stabilizes the head
by supports fixing on the frontal bone, oc-
cipital bone, and both the zygomatic bones
and connecting to the trunk. The orthosis
has been used for many patients with cer-
vical diseases and has received favorable
comment in our clinic since it is easily han-
dled and provides excellent fixation.

FEATURES AND MERITS OF
THE ORTHOSIS

If a patient in our clinic with a cervical
spine disorder requires a non-invasive
brace for firm fixation, the Fronto-Occipi-
to-Zygomatic Orthosis—abbreviated as
FOZY Orthosis hereinafter (Figures 1 and
2)—is considered to be the best orthosis of
various cervical supports due to the fol-
lowing advantages.

41

Figure 1. The FOZY Orthosis.

The FOZY Orthosis can limit the move-
ment of the cervical spine in all directions,
including rotation of the upper cervical
spine, and therefore can be used for pa-
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Figure 3. Taking a meal ina  —w—e——"""
supine position.

tients with diseases affecting the upper
cervical spine. As this orthosis has the fix-
ing points on the frontal bone, occipital
bone, and zygomatic bones, the man-
dibular bone has no limitation. The ante-
rior part of the Superplast® support is cut
short so the mouth can open freely to speak
and eat.

The orthosis can be put on and off in the
supine position so easily that it is ade-
quately applied to patients with cervical
spinal injuries. The support for the zygo-
matic bones can be adjusted to an adequate
angle and be removed, depending on the
patient’s conditions, by use of a hinge and
a screw (Figures 4 and 5).

Figure 2. The anterior and the
posterior parts.

For patients after the acute stage, it can
be used as an orthosis similar to the Phila-
delphia type. It is light, easy to don and
doff, and can be easily fabricated.

When putting it on a normal adult, the
residual movable range is about ten de-
grees in every direction (In noddingaction,
the upper cervical spine has a limited mo-
tion within ten degrees only). The FOZY
Orthosis is useful for long-term fixation
after treatment with Halo-Pelvic or Halo-
Jacket traction, and it is also widely applied
for fixation of the middle and lower cevical
spine. It is also useful after anterior fusion
of the cervical spine.
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Figure 5. Removal of the zy-
gomatic support.

DESIGN OF THE FOZY
ORTHOSIS

The FOZY Orthosis consists of a firm
cervical support provided with a Y-shaped
support for both zygomatic bones and cir-
cumferential belts for the anterior head fix-
ation. The orthosis is composed of two
parts: an anterior part that fixes on the
cheeks and the anterior thorax (Figure 8);
and a posterior part that fixes the posterior
head, the neck and dorsal surface of the
body (Figure 9). The surface against the
skin of both parts is covered with Super-
plast® of 6-10mm thickness and the sup-
porting stem along the median line of the
body is made of thermoplastic Subalso-
rene® of 3-4mm thickness. A Y-shaped
cheek supporting plate made of light alloy

Figure 4. Adjusting the angle
of the zygomatic support.

(duraluminum plate of 2mm thickness) is
attached to the front stem, and cheek pads
are applied to its top. This supporting plate
is adjustable to change the angle and
height of the pads. It also has a hinge and
screw to allow easy removal. The posterior
part has four pairs of Velcro® straps; head
belts support the anterior cranium; zygo-
matic belts are connected to the cheek sup-
ports; shoulder belts fasten the clavicular
region and chest belts connect the sternal
piece of the anterior portion. Its total
weight is only 450 grams.

It is preferable to fabricate the orthosis
over a positive plaster model of the patient.
If modeling is impossible in an acute stage,
it can be made based on the circumference
measurements of head, neck, and chest,
and on the distance between both cheeks.
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Figure 6. A sketch of an X-ray picture of vertebrae
after application of the FOZY Orthosis to a normal
adult. The solid line represents flexion and the dotted
line represents extension. It shows that large move-
ment is well controlled but upper cervical vertebrae
remain able to move 5-10 degrees.

CLINICAL EXPERIENCE
AND INDICATIONS

The FOZY orthoses were fitted to 48 pa-
tients with cervical spine involvement.
They were used in the conservative treat-
ment of Hangman'’s fracture, dental pro-
cess fracture of the axis, vertebral arch
fracture and injuries of the intervertebral
disc with spinal paresis in seven cases.
They were also used for fixation after the
anterior fusion for cervical subluxation and
fracture, spinal cord injuries and cervical
spondylosis in 27 cases, as well as for one-
side opening spinal canal enlargements
and for patients with cervical spinal canal
stenosis in 14 cases.

Figure 7. The anterior and the posterior
views of the FOZY Orthosis.

The patients consisted of 39 males and
nine females, including one child younger
than ten years old. The average age was
52.1 years. The subjective vertebrae of
FOZY Orthosis application were from the
atlas to the second thoracic vertebrae and
the application period was from one to
three months. During this period, the pa-
tients were subjected to mat, standing, and
ambulation training. Thus, rehabilitation
for patients with cervical spine injuries
could be actively progressed. Of the 48
participants, no cases had increased injury
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Figure 8. The anterior portion.

to the cervical spine or dislocation of
grafted bone in the period of orthosis at-
tachment. After discontinuing the ortho-
sis, the range of cervical motion was almost
normal, except for the patients with verte-
bral enlargement.

SUMMARY

Though the upper cervical vertebrae can
move in five to to ten degrees merely to
nod, the FOZY Orthosis can fix the cervical
spine in every direction, including rota-

Figure 9. The posterior portion.

tion, and also firmly limit the movement of
the upper cervical spine. It can thus be
applied to many diseases of the upper cer-
vical spine, to cervical spinal injuries in an
acute stage, and for external fixation after
anterior spinal fusion. Since it is easily
handled and light, early rehabilitation can
be performed actively.
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INTRODUCTION

There are approximately 400,000 am-
putees in the United States. It has been
estimated that approximately 50,000 new
amputations are performed each year.'*!*
Most amputees are males in their early six-
ties, approximately 90 percent of the am-
putations involve the lower limb, and
approximately two-thirds of lower limb
amputations are necessitated by diabe-
tes mellitus and/or peripheral vascular
disease. Although there are circumstances
when the amputation of a chronically
painful and/or infected limb may be a wel-
come therapeutic alternative to a patient,
the resulting disability is never welcome.
In addition, although amputation of a limb
is sometimes a lifesaving measure, it exacts
a physical and psychological price from the
patient. Since an increasing number of
amputations are performed each year due
to the expanding geriatric population,!®
the process of psychological adaptation of
patients to amputation seems to be a sub-
ject worthy of further investigation.

Our paper will review and synthesize
the literature devoted to the psychological
and emotional reaction of patients to am-
putation and integrate this information
with our own experience in 248 patients
with 368 amputations over the last five
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years. This report is primarily directed to-
wards non-psychiatric allied health profes-
sionals, who, we feel, have the most impact
in preventing disability and in reducing
the need for professional psychiatric inter-
vention.

ADAPTATION TO AND
ACCEPTANCE OF
AMPUTATION

The psychological reactions by patients
after surgical or traumatic amputation of a
limb are both varied and complex. Based
upon our own experience and a review of
the existing literature, we feel that an
individual’s adaptation to his/her loss
of a limb can be artificially divided into a
preoperative stage and three postopera-
tive stages.»®81720.2 I al] four stages of
adaptation, certain emotions and defense
mechanisms can be universally identi-
fied. These psychological phenomena are
normal and help the amputee in adapting
to a new body image, however, the over-
utilization of these mechanisms can result
in more disability than can be accounted
for strictly by the physical loss of the limb.

The first, or preoperative stage, of adap-
tation for the amputee begins with the pa-
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tient’s realization that the loss of limb is a
possibility. This realization may or may
not coincide with the first formal doctor-
to-patient presentation of amputation as a
therapeutic treatment. This stage is neces-
sarily absent in some patients, for example,
with emergency amputation due to trau-
matic injury. Grief is the universally iden-
tified reaction in those patients being told
that they must lose a limb.% 2% *! In addi-
tion to the grief reaction, the preoperative
stage usually includes concerns about: 1)
pain; 2) financial difficulties; 3) general
health; and 4) future functional capabilities
at home or on the job." The overall psy-
chology of the amputee is modified by how
he/she perceives the pending amputation,
which in turn is modified by variables such
as the patient’s culture, background, fam-
ily and community.® '* * Questions re-
garding the exact nature of function and
use of a prosthesis, future sexual function,
and even disposal of the amputated limb,
are all questions which are also prominent
in the minds of potential amputees.® !+

The second, or immediate postoperative,
stage is a relatively short period of time
which begins with the patient’s first post-
operative realization that the limb is no
longer present and ends during the early
phases of postamputation rehabilitation.
Randall, et. al. in their study of 100 am-
putees, noted that the immediate reaction
to amputation was modified by the cir-
cumstances surrounding the assault on the
limb.? Those patients who sustained in-
juries in battle or in the line of duty, where
loss of life was likely, were found to have a
more optimistic future outlook immedi-
ately after amputation than those indi-
viduals who sustained their injuries
through carelessness or unfortunate acci-
dents where loss of life was not a signific-
ant risk.

However, the early acceptance of am-
putation as it relates to the mechanism of
amputation injury/loss, does not seem to
be a significant factor in the ultimate re-
habilitation and acceptance of the disabil-
ity.* In fact, it has been suggested that
those showing the best early acceptance
may have delayed depressive reactions
upon return to society.? Our experience, in

over 300 amputations (Tables 1 and 2), cor-
relates with studies by Friedmann® and
Randall, et. al.** We feel that the immediate
response to amputation correlates well
with the cause of limb loss, and that, in
most cases, the early acceptance of an am-
putation does not seem to be a significant
factor in the ultimate rehabilitation and ac-
ceptance of the disability.

As patients move from the second stage,
(immediate postoperative), to the third
stage, (inhospital rehabilitation), denial
gradually replaces grief as the prominent
feature in a patient’s adaptation to ampu-
tation.' Euphoric mood, regression and
withdrawal are mechanisms used by pa-
tients to deny both anxiety and the chal-
lenge of adjustment to reality.'” Patients
often deny their injury with statements
and demonstrations of physical prowess,
such as wheelchair racing in the hallways,
boisterous behavior on the ward, and
jokes about their respective physical in-
juries.?: 3 17

Also seen during this transition period is
a process described by Parkes' as “pin-
ing,” wherein an amputee grieves for the
lost limb, a process primarily represented
through the amputee “pining” for those
aspects of life lost with the loss of limb.

The inhospital, postsurgical, rehabilita-
tion adjustment period can be made more
complex by surgical limb revision, man-
ipulation, prosthesis fitting and training,
and adjustments to friends and relatives
from whom the patient was separated
during the first and second stages. It is at
this point in the adaptation process that the
patient begins to feel deeply depressed,
insecure, uncertain, apathetic, and preoc-
cupied with limb loss.* 222

Many of these feelings arise from the pa-
tient’s interaction with those people close
to him/her. Insecurity and anxiety stem in
part from the amputees’ concern over the
anticipated reaction of loved ones and the
actual sympathy that they eventually re-
ceive from them.?® It has been suggested
that sympathy serves as a reminder to the
patients of their amputation and that em-
pathy is both more appropriate and sup-
portive.* 22 Most authors agree, however,
that although depression, anxiety, and
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feelings of self pity are prominent during
the third stage, the need for formal psychi-
atric intervention is indicated in relatively
few patients.'™* That is not to say that
there are not significant problems worthy
of professional psychiatric attention in pa-
tients during this early adaptive process,
rather it is to emphasize the need for sup-
portive intervention on the part of those
non-psychiatric personnel (prosthetists,
therapists, nurses, etc.) involved with am-
putee postsurgical care and rehabilitation,

The fourth or final stage of adaptation
begins with the patient’s return home,
usually several weeks after amputation.
While leaving the hospital represents some
evidence of recovery to the amputee, it also
forces upon him/her the more harsh
realities of disability. By the time of hospi-
tal discharge, most patients have under-
gone some prosthetic fitting and many
have actually begun or are well adapted to
ambulation as an amputee. However, upon
returning home, the amputee is abruptly
faced with a marked decrease in supportive
help (previously provided by hospital per-
sonnel) and a marked increase in demands
that manifest his/her disability, both phy-
sically and emotionally.®2°

It would appear that the amputee’s re-
turn to home is a crucial turning point in
the adaptation/rehabilitation process.
Available evidence suggests that the am-
putee will either successfully adapt during
this final phase and learn to live with his/
her disability, or will fall back into a pattern
of psychological behavior which repre-
sents a continuation of the third stage (de-
nial) of adaptation.2® 22

Certain demographic factors may also
play a role in ultimate social adjustment.
While younger patients may have more
difficulty in initially adapting to a “new
body image,” older patients tend to have
more difficulty with longterm social ad-
justment.*™* In addition, single individu-
als have more difficulty than married indi-
viduals and lower extremity amputees
have more difficulty than upper extremity
amputees.*™* Not surprisingly, those in-
dividuals with multiple amputations have
more difficulty than those individuals with
only unilateral amputations. Finally, it is of

interest to note that no real differences
have been identified between male and
female amputees in terms of social adjust-
ment after amputation.'®

The experience of the authors is in
agreement with the studies by Parkes,!®*!
Randall, et. al.22 and Reinstein, et. al.?®
with respect to age, sex, marital status,
number of amputations, and upper versus
lower limb amputations as each of these
factors relate to the process of rehabilita-
tion. A large part of the psychological reac-
tion to the fourth stage is secondary to en-
vironmental influences largely out of the
control of the patient. With proper support
and aggressive rehabilitation, the final
stage of social adjustment for the amputee
is successful in time, whereas without
support, social adjustment is seriously im-
paired.!®1®

GUIDELINES FOR THE
PSYCHOLOGICAL
MANAGEMENT OF
AMPUTEES

It is unfortunate that many times, am-
putation surgery, as a therapeutic alterna-
tive in the management of patients with
limb threatening problems, has been
looked upon with a jaundiced eye in re-
lationship to seemingly preferable limb
salvage procedures. Of particular interest,
therefore, is a recent study by Sugarbaker,
et. al. who did a quality of life assessment
in 27 patients, roughly half of whom had
limb sparing surgery plus radiation and
chemotherapy for limb cancer, while
the other half had amputation surgery and
chemotherapy. It was the initial hypothesis
of this group that limb sparing surgery re-
sulted in a higher quality of life as com-
pared to those patients treated with am-
putation; however, this hypothesis was
not demonstrated and, in several in-
stances, the amputee group had higher
quality of life scores than their counter-
parts in the limb salvage group.?® Overall,
the quality of life assessment for both
groups was not found to be significantly
different.?®
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Tucson VA Medical Center
and
University of Arizona
711177 -6/30/82
Number of Patients 248
Number of Amputations 368
Primary 300
Preparatory 54
Revisions 14
Table 1.

In our opinion, and that of Bowker,! am-
putation surgery should be viewed by all
involved personnel as a reconstructive, not
amutilating procedure. A team approach is
optimal in amputee rehabilitation and
should include the surgeon, ward team,
surgical nurses, prosthetist, physical
therapist, occupational therapist, social
worker, vocational counselor, and, if indi-
cated, a psychiatrist or psychologist.% 142!

The psychological preparation of the
potential amputee should begin as early as
possible, and preferably, should begin
preoperatively (Stage I)."* 7' When the
amputation becomes a possibility, not a
probability, the patient should be in-
formed and the entire amputation re-
habilitation process should be discussed.
Open communication is essential and
should specifically address the hows,
whys, and wherefores of the operation it-
self, disposal of the amputated limb or
part, expected phantom phenomena and
phantom pain, sexual and social readjust-
ment, prosthetic fitting and training, and
the process of amputee rehabilitation.'*

Surgeons or rehabilitation teams who
keep the possibility of amputation from
their patients until it becomes inevitable,
are left with far less desirable conditions
for successful rehabilitation than surgeons
or rehabilitation groups who integrate the
patients and families into an early program
of planned prosthetic rehabilitation.!?!
The authors would suggest that keeping
the possibility of amputation from the pa-
tient until the last possible moment serves
only to cultivate the attitude in the patient
that the amputation is a treatment failure

Tucson VA Medical Center

and
University of Arizona
Primary Amputations
711/77-6/30/82
Number of

Amputation Level Amputations
LOWER LIMB

Toe 49

Transmetatarsal 10

Symes 22

Below Knee 124

Through Knee 15

Above Knee 61

Hip 1
UPPER LIMB

Partial Hand 1

Below Elbow 9

Above Elbow 7

Shoulder 1
TOTAL 300
Table 2.

and not a lifesaving or reconstructive sur-
gical procedure. Integration of the family
into the support group for the amputee is
also recommended as early as possible
(Stage 1). The authors believe that such
family involvement decreases some of the
social problems that an amputee would
otherwise face on his return home (Stage
4).

In many institutions, amputation sur-
gery is delegated to junior house officers,
often without supervision. Such an ap-
proach, in the opinion of the authors, com-
promises optimum rehabilitation results.
Amputation surgery should command the
attention of the senior surgical staff. In our
program, the senior surgical attending is
directly involved in the performance of all
amputations and supervises the entire pro-
cess of amputation rehabilitation. A poorly
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performed amputation almost guarantees
poor rehabilitation. While a well per-
formed amputation does not guarantee a
successful rehabilitation outcome, it cer-
tainly makes successful rehabilitation
more possible.

Early prosthetic fitting and amputee re-
habiliation (Stages 2 and 3) are vital to a pa-
tient’s successful physical, psychological,
and emotional recovery, both from a short-
term and longterm standpoint.® - %18

Early prosthetic fitting and rapid re-
habilitation enable the patient to incorpo-
rate all of his physical and emotional efforts
into recovery from the earliest possible
moment, rather than allowing the patient
to focus only on disabilities and pain.? An
important corollary to this principle is the
early introduction, to the potential am-
putee, of the patients who have undergone
similar amputations and successfully
adapted to their prosthesis and their social
environment.'® The experience of the au-
thors supports the view expressed in the
literature, that the introduction of a suc-
cessful amputee patient to a potential am-
putee has been very helpful in the re-
habilitation of the latter individual .*- 10-%

CONCLUSION

Of utmost importance in the rehabilita-
tion of any amputee is the realization that
the rehabilitation process is a lifelong ef-
fort. It is only with concerted effort that the
rehabilitation team will be able to provide
the necessary reassurance for each am-
putee in order to get them through the gate
of the rehabilitation process.? It is our con-
tention that with a better understanding of
an amputees’ psychological and physical
needs, they need not become more dis-
abled than necessary by the loss of their
limb alone. In addition, it is the authors’
contention that professional psychiatric
intervention is required for relatively few
amputees, if allied health personnel play a
continually active role in the rehabilitation
process.
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A Multi-Adjustable Cervical Orthosis
for Use in the Treatment of Torticollis

(A Case Study)
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INTRODUCTION

In the treatment of torticollis, the use and
design of cervical orthoses is varied de-
pending on the severity of the deformity,
surgical intervention, if any, and con-
tinued follow-up care relative to the initial
success towards its resolution. Orthoses
may be simple collars or poster-type
braces. In certain instances, intricate cus-
tom devices may be most appropriate, such
as described by Townsend.! For the most
part, these orthoses act to control the de-
formity but are often limited in their adjus-
tability, comfort, and ease of use, espe-
cially in those instances when the physi-
cian has sole contact with the device. It was
the need to incorporate these design re-
quirements into a functional unit that
prompted the suggestion of a new orthosis.
The orthosis described in this paper pro-
vides an alternate means to orthotic treat-
ment of torticollis and related conditions.

CASE HISTORY

The patient for whom the cervical ortho-
sis was designed was, at the time of the
treatment, a 19 year-old female with a diag-
nosis of congenital torticollis, significant
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enough to produce feelings of self-con-
sciousness when in public. Upon exam-
ination and evaluation, it was decided that
a surgical release of the tight sternocleido-
mastoid muscle on the left side of her neck
would be the treatment of choice. Post-
surgical care was to include an orthosis to
maintain the new position and to prevent
recurrence of contracture. The orthosis
was to be worn for 24 hours a day for the
first three weeks, with weaning of the or-
thosis over the next three months.

In past instances, a SOMI? type orthosis
has been prescribed for use, but not always
without problems. Patient tolerance and
ultimate rejection is a problem, as well as is
skin breakdown. In addition, the fitting of
this type of brace varies from practitioner
to practitioner. If the patient is seen in the
doctor’s office, adjusting the orthosis
would prove difficult without the orthotist
present (it would be necessary for the pa-
tient to return to the orthotic practitioner’s
office). Therefore, a custom total contact
support that would provide better patient
acceptance and eliminate skin irritation,
along with a design that would allow the
physicians to make position adjustments
in the office, was indicated.
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Figure 1. A multi-adjustable cervical orthosis
(M.A.C.0.), anterior view.

FABRICATION AND
FITTING

The patient was seen in the office one
week before surgery was scheduled in
order to take a plaster negative impression
from which the orthosis would be fabri-
cated. The patient was seated on an exam-
ination table and stockinette was placed on
her in a two-step procedure. Two separate
pieces of stockinette were pulled over her
head and down onto her torso, extending
down to her waist; slits were cut for the
arms to extend through. Two smaller
pieces, each sewn at one end, were pulled
over her head, extending down to her ster-
nal area, with slits placed up the sides so
the smaller pieces would provide a smooth
transition to the larger torso pieces. Holes
were cut for the eyes and nose. Using an
indelible pencil, both ears were outlined
on the stockinette. The patient was placed
in as close to a neutral position as possible,
though with the design of this orthosis,

Figure 2. A lateral view of the orthosis.

correction during the casting stage is not
necessary.

Strips of four-inch wide plaster bandage
were cut, and, starting with the torso, were
applied in anterior and posterior sections,
extending to the crests. Additional strips
were applied to the neck and head, covering
everything but the face. The edges of the
sections were coated with Vaseline® for
ease when separating from each other. The
strips and stockinette were removed and
put together, ready to be poured to form
the positive model. The positive model
was carefully smoothed, and build-ups
were placed in the areas of the scapulae.

For materials, one-eighth inch kydex
plastic was used because of its strength and
ease with which it can be adjusted with the
application of heat. For comfort, % inch
plastazote was added for an interface.
There is only a posterior plastic section to
the brace on the torso with trimlines as
shown (Figures 1 and 2). One-inch dacron
straps are riveted to the corners of the post-
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erior torso piece. Anteriorly, four one-inch
slide buckles are attached to a leather ster-
nal piece, trimmed to prevent impinge-
ment on the breasts. This leather piece will
act as the attachment point of the dacron
straps. This design will keep the orthosis
lightweight and less bulky (Figure 3). The
headpiece is trimmed to provide as much
contact with the head as possible without
pressing on the ears. The extensions an-
teriorly provide contact above the mandi-
ble, acting to maintain and control the mo-
tion of the head within the plastic (Fig-
ure 4).

The key aspect of the orthosis is the use
and positioning of the ball joints incorpo-
rated into the system. These are two single
joints that are riveted and welded together to
form one unit (Figure 5). The motion of the
two joints together act to more closely ap-
proximate normal cervical motion. The in-
clusion of Allen set screws enable the unit
to be locked in any position, in any plane.
In order to further enhance the rotational
capacity and extendibility of the joints,
additional modifications were made.
Stainless steel plates are riveted onto the
torso and head piece. Onto these plates are
welded steel sleeves, into which the ends
of the joints slide. The sleeves are drilled
and tapped, with Allen set screws added.
The finished unit now has motion in all
planes, with adjustability at four separate
points and the capacity to lengthen or
shorten the height of the head piece (Figure
6). The finished orthosis was fit on the pa-
tient one week following surgery, with in-
structions to wear the orthosis 24 hours a
day, removing it only for bathing. This was
done for three weeks, after which the pa-
tient would gradually be weaned from the
orthosis.

FOLLOW-UP

The patient was seen for a one-week fol-
low-up. She had been following instruc-
tions as to its use and accepted it as part of
her treatment. She related that she had only
minor problems that were alleviated by
minor postural changes. This included
sleep time. There were no signs of skin
irritation from the plastic or padding and

. TN 8
Figure 3. View showing the orthosis on the patient
(anterior view).

Figure 4. A lateral view of the patient wearing the
orthosis.
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L
Figure 5. A posterior view of the orthosis.
Note the ball joints and length adjustment
rods.

the patient stated the orthosis was com-
fortable. She had no problem putting the
orthosis on and had maintained good po-
sition inside the orthosis. A subsequent
follow-up two weeks after this visit found
the patient still maintaining good position
and tolerating the orthosis well. The two
month follow-up was equally successful.

CONCLUSION

The problems of cervical control, patient
tolerance, and ease of adjustability in a cer-
vical orthosis have been addressed in this
study. The cervical orthosis described
above was found to offer excellent control
of the head in all planes, especially for ro-
tational positioning. Adjustments were
done simply and quickly, with good hold-
ing power from the Allen set screws. Pa-
tient acceptability in this case was good,
and comfort was maximized with total
contact support and use of padding mate-
rial.

One major advantage of this orthosis,
due to the adjustability of the joint, al-
lowed presurgical casting and fitting while
deformity still existed, eliminating a

Figure 6. Posterior view of the patient in the ortho-
sis, showing adjustments.

painful casting procedure and delays in
orthotic delivery. Correction of the defor-
mity need not be done in the casting stage,
thus making presurgical fitting possible,
when necessary. The application of this
orthosis may prove beneficial in other in-
stances when such cervical control is de-
sired under similar circumstances. We are
further evaluating its use in other cervical
anomalies.
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A Rationale for Treatment of
Complete Brachial Plexus Palsy

Donald G. Shurr, L.P.T., M. A.
William F. Blair, M.D.

INTRODUCTION

Injuries to the brachial plexus present
major problems in diagnosis and treat-
ment. Often, associated life threatening
injuries initially overshadow a brachial
plexus injury. The evaluation and treat-
ment of these patients involve many
health care team members. Close coopera-
tion and communication among all parties,
including the patient, is essential. Once a
definitive diagnosis is made, the majority
of the elective treatment involves the
prosthetist-orthotist, therapist, and voca-
tional counselor or social worker, in coop-
eration with the managing orthopaedist.

This paper reviews our existing knowl-
edge of complete brachial plexus palsy and
methods of treatment. The elective care de-
scribed pertains to those complete injuries
which present no opportunity for return of
normal nerve function. Since few centers
treat large numbers of these injuries, this
discussion will be based in part upon the
data and experiences of other clinicians.

MECHANISMS OF INJURY

The two major causes of brachial plexus
palsy are childbirth complications and
motor vehicle accidents. During child-
birth, downward traction on the shoulder
increases the angle between the head and
shoulder, resulting in injury to, or avulsion
of the upper (C-5 and C-6) roots. Upward
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traction on the shoulder increases the angle
between the arm and lateral thoracic wall,
injuring the lower (C-8 and T-1) roots.
Complete injuries involving the entire
plexus (C-5 to T-1) may occur.

Motor vehicle accidents, especially mo-
torcycle accidents, cause most brachial
plexus injuries. Fletcher! reported 180 bra-
chial plexus injuries and noted that 81 per-
cent of the patients were under the age of
twenty-four years and that 77 percent of the
injuries resulted from motorcycle acci-
dents. The injury may result from traction
across the arm or across the head. Barnes?
stated that root tension varies with posi-
tion of the arm, elevation tenses the lower
roots, while adduction tenses the upper
roots. When the shoulder is forcibly de-
pressed with the arm by the side, as may
occur in a motorcycle accident, the greatest
tensile stress falls on the upper roots. Dur-
ing arm abduction and extension, the axil-
lary portion of the plexus, particularly the
posterior cord, may be stretched across the
head of the humerus as it dislocates anteri-
orly and inferiorly. When the abducted
limb is forced behind the trunk and the
head is thrust to the opposite side, tensile
stress is exerted on all roots, and the most
severe brachial plexus lesion, a complete
palsy, may result.

Traction across the head may also be an
important mechanism of brachial plexus
injuries. In Fletcher’s series,! most motor-
cycle accident victims wore helmets and
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were involved in head-on collisions. The
head was forced laterally, away from the
shoulder, injuring the plexus.

CLASSIFICATIONS OF
INJURY

Brachial plexus injuries may be classified
by the roots involved, by division of plexus
injured, and by Sunderland’s severity of
injury to specific nerves.®> Sunderland’s
five degrees of injury best correlate with
prognosis for recovery of the injured nerve.
A first degree injury produces temporary
loss of nerve conductivity at the site of in-
jury with loss of motor function and muscle
tone, and a reduction in proprioception.
First degree injuries recover completely
and spontaneously. Second degree injuries
involve the fascicles, resulting in complete
loss of motor, sensory and sympathetic
functions. Axon regeneration proceeds
distally from the site of injury with proxi-
mally innervated muscles returning first.
Third degree injury results in interruption
of the internal structure of the fascicles.
Regenerating axons are not aligned with
appropriate tubules and clinical recovery is
never complete. Fourth degree injury re-
sults in disruption of all fascicles. Com-
plete loss of motor, sensory and sympa-
thetic function occur and no motor or sen-
sory function return spontaneously. Fifth
degree injury is severance of the nerve
trunk with loss of motor, sensory and sym-
pathetic function. Although neuromas
form, no neurologic recovery is possible.

EVALUATION AND
DIAGNOSIS

Early, accurate assessment of the plexus
injury is necessary but difficult. It requires
various neurological examinations and
tests, most important of which is a thor-
ough physical examination. Additional
tests, including myelograms, electromyo-
graphs and nerve conduction velocities,
are helpful, but require experience and

interpretative skills. A relatively new tech-
nique developed by Dr. Steven Jones in
England, the spinogram, involves stimu-
lation of the peripheral nerves at the wrist
while recording over the plexus at the root
of the neck. This non-invasive test departs
from the usual procedure of stimulating
proximally and recording distally in order
to demonstrate preganglionic or root avul-
sion injuries.

Pain following brachial plexus injury isa
common problem. Pain is often not experi-
enced until two or three weeks after injury,
and increases in intensity until it reaches
its peak about six weeks post-injury. It may
persist at this level for years. The pain may
be described as burning, crushing, stab-
bing or like severe electric shocks. Ac-
cording to Wynn-Parry,? the presence of
severe burning pain indicates a pregangli-
onic lesion with root avulsion from the
spinal cord. Dermatomal pain distribution
correlates with the avulsed root.

NON-OPERATIVE
TREATMENT

Treatment begins with physical therapy
to prevent joint stiffness, prevent soft tis-
sue contractures, and assist in relief of
pain. Pain relief is a monumental challenge,
and neuromodulation may be beneficial in
some patients. Splints are used to prevent
joint contractures, or to optimize limb func-
tion. These programs require careful reeval-
uation of the patient at regular intervals to
determine changes in muscles and joints.
The therapist and orthotist share in en-
couraging the patient to comply with the
prescribed regimen. The exercise program
can often be performed by the patient or
family at home and only requires checks by
the managing team to assess progress.

Careful attention to detail and accurate
communication among the team members
will clarify goals and alert the physiciantoa
change or lack of progress. Decisions are
made by the patient based on a sound un-
derstanding of all options, thus the patient
becomes the controlling factor in care man-
agement.
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Figure 1. A representation of a complete brachial plexus injury.

OPERATIVE TREATMENT

A complete brachial plexus lesion im-
plies that all parts of the brachial plexus are
involved: all five roots, all three trunks, all
three cords, or a combination of root,
trunk, and cord lesions (Figure 1). If no
neurologic combination of recovery has oc-
curred by six weeks after injury, and if
physical findings (Horner’s sign), paraspi-
nal EMG's, or cervical myelography indi-
cate a preganglionic component to the in-
jury, the prognosis for recovery is poor.
The treatment described will concern only
the severe, complete injuries.

Given a permanent complete plexus palsy,
the pivotal issue is whether the patient
would become a successful prosthetic user.
Patient sex, age, limb dominance, associated
injuries, motivation, experience with
mechanical equipment and the support and
experience of the medical care team may in-
fluence this decision.

A positive relationship may exist be-
tween prosthetic use and the amputation of
the patient’s dominant hand, especially for
those who are unable to transfer domi-
nance to the non-dominant hand. Ransford
and Hughes!? state that if the patient is a
manual worker, he or she will more likely
use a prosthesis if he or she has difficulty
converting hand dominance. They re-
viewed twenty cases at ten years. Thirteen
patients were supplied prostheses, seven
were dominant and six non-dominant.
Only two of the seven were true prosthetic
users. Since only two of 20 cases resulted in
true prosthesis users, they recommended
amputation and prosthetic fitting only if
the dominant limb was affected.

The treatment plan is simplified if the
patient is clearly not destined to use a
prosthesis. No surgery may be indicated.
The patient may elect to retain the limb
for cosmetic reasons. If the patient is ath-
letically inclined or if the flail nondomi-
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nant limb is a nuisance, above elbow am-
putation is an accepted option.!' It may
also be indicated for the dominant limb in
the patient who will not be a prosthetic
user, who has carefully considered the al-
ternatives and who requests the procedure
for convenience (Case 1).

Careful consideration of surgical alter-
natives (including above elbow amputa-
tion and shoulder arthrodesis) is important
for the potential prosthesis user (Case 2).
Rorabeck!? stated that amputation and fit-
ting done within one year after injury are
more likely to result in successful pros-
thetic fitting than are alternative ap-
proaches. He evaluated nineteen patients,
fourteen with above elbow amputation
alone, and compared them to five patients
with above elbow amputation and shoul-
der arthrodesis. Only one of the five re-
turned to gainful employment while six of
fourteen returned to work. Yeoman and
Seddon!? believe that combined amputa-
tion and arthrodesis are the treatment of
choice within two years of the injury. They
reported on seventeen cases of above
elbow amputation and shoulder arthrode-
sis. They compared their results to either
no surgical treatment or to totallimb recon-
struction, but not to above elbow amputa-
tion with early prosthetic fitting. For those
using a prosthesis, the average interval
between injury and amputation was six-
teen months. For those not using a pros-
thesis, it was three and a half years.

Wynn-Parry? reported on fourteen pa-
tients who underwent above elbow am-
putation and arthrodesis within six
months of injury. Of these, ten returned to
work within one year. Further follow-up
revealed that these patients were working
without their prosthesis, leading Wynn-
Parry to a more conservative attitude to-
wards early amputation.

Ransford and Hughes?? felt that shoulder
arthrodesis was necessary for the true
prosthesis user. Because the true prosthetic
user is rarely seen in clinical practice they
recommended the procedure cautiously.
They noted that arthrodesis of the shoulder
produces potential for skin irritation over
bony prominences, but that the procedure

resolved the problem of humeral head
subluxation. Prosthesis fitting must be
delayed until after fusion has occurred.

PROSTHETIC FITTING
TIME

The elapsed time between elective am-
putation and initial prosthetic fitting is
important. Burkhalter!? believes that early
or immediate fitting does not adversely
affect wound healing and helps maintain
the two handed pattern for activities of
daily living. However, only three of the
eighty-seven patients in his series had bra-
chial plexus injuries and none of these
were using a prosthesis at follow-up. These
data suggest that the patient with a bra-
chial plexus injury may differ from other
amputees treated similarly.

Rorabeck!? states that amputation and
fitting should be done within one year of
injury, suggesting that the two parts to-
gether play an integral role in successful
prosthesis wearing and return to work.

Leal and Malone!* report that myoelec-
tric fitting decreases rehabilitation time
when compared with conventional imme-
diate fitting. This suggests the important
factor is prosthetic control. Patients who
used to support this conclusion were all
working prior to injury and returned to
work after fitting. However, no job de-
scription or dominant hand data were re-
ported. Additional follow up is needed to
clarify long term results.

PATIENT SATISFACTION

Perhaps the most interesting and per-
plexing data reported deals with patient
satisfaction. Fletcher! reported on seven-
ty-three patients contacted by question-
naire after one year post-amputation.
Ninety-one percent reported wearing the
prosthesis regularly at work, and all were
glad they chose to have the arm amputated.
We are not told what procedures each pa-
tient underwent,

Brewerton and Daniels'? reported that at
one year post-injury only 16 percent of the
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patients recalled talking with their man-
aging physician about long-term options
and outcomes. They emphasized the exis-
tence of this void in the care of the brachial
plexus injured patient.

CASE REPORTS

Case 1:

A 27-year-old male employed as an un-
skilled laborer suffered a complete avul-
sion of his nondominant limb brachial
plexus. No spontaneous recovery oc-
curred in six months. When offered am-
putation with early prosthetic fitting, he
replied "I wouldn’t use it if [had one.” The
patient later requested amputation since
the arm was “always in the way.” An un-
complicated above elbow amputation was
completed eighteen months after the pa-
tient’s accident. Since no prosthetic fitting
was planned, shoulder arthrodesis was not
performed. He described mild pain priorto
and unchanged since the operation.

Since the accident he has remained un-
employed, is now divorced and is currently
residing with his parents. He has adapted
to one handed activities of daily living. He
believes that his care was satisfactory.

Case 2:

A 34-year-old male semiskilled service
station attendant sustained a complete bra-
chial plexus avulsion. He suffered a C5
through T1 preganglionic injury to his
dominant limb. He was advised of his poor
prognosis. No recovery had occurred with-
in fourteen months. He felt the arm was
a nuisance and requested amputation,
but sincerely wanted a prosthesis to aid
him in his hobbies and with his wheel re-
pair business. An above elbow amputation
was completed fourteen months following
his injury. A shoulder fusion was not per-
formed, allowing early prosthetic fitting.
He was fitted with a conventional above
elbow body-powered system. He is ableé to
control the elbow position and the terminal
device. He uses both a stainless steel ter-
minal device and an Otto Bock cosmetic
hand.

Since his injury, the patient has changed
extremity dominance and can eat, write

and work in his shop. He stated that he was
never athletic but enjoyed fishing and
tishing reel repair. The patient is satisfied
with his treatment, and continues to gain
skills with his above elbow prosthesis.

CONCLUSIONS

Brachial plexus trauma results in a spec-
trum of palsies, including the severe, com-
plete plexus palsy. When this injury in-
cludes a preganglionic component, the
prognosis for recovery is poor. Early, accu-
rate diagnosis is critical to planning treat-
ment and counseling the patient. Nonop-
erative treatment of the complete brachial
plexus palsy, under the supervision of the
physical therapist, includes neuromodu-
lation for pain control and prevention of
joint contractures. Operative treatment in-
cludes above elbow amputation in the
nonprosthetic user. For the potential
prosthesis user, above elbow amputation
and/or shoulder arthrodesis may facilitate
prosthetic fitting and use.
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Cerebral Palsy:

A Complex Brain Disorder

David C. Showers, C.P.O.

Cerebral palsy is a relatively common
brain disorder found worldwide which oc-
curs shortly before, during, or shortly after
birth. The condition presents itself early in
childhood, usually before three years of
age, and involves voluntary muscle dys-
function. The degree of physical complica-
tion affecting each cerebral palsy child de-
termines the courses of treatment initiated.

Separate physical complications are at-
tributed to each different type of cerebral
palsy. The three different groups of cere-
bral palsy patients, the antenatal, the natal,
and the postnatal, and the recommended
treatments will be discussed in this paper.
The sub-classes involved within each of
these groups consist of the spastic, athe-
toid, and the ataxic cerebral palsy child.

Due to the complexity of cerebral palsy,
its treatment, and the varying degrees of
severity, the psychological complications
for the cerebral palsy patient and his family
must also be noted.

STATISTICS AND CAUSES

There appears to be some disparity in the
statistics reviewed on the occurence of
cerebral palsy. The United Cerebral Palsy
Association estimates that there are
600,000 people afflicted with this condition
in the United States. Approximately one
baby in every 170 newborns has cerebral
palsy.! The National Paraplegic Founda-
tion estimates that there are 750,000 indi-
viduals with cerebral palsy in the United
States.2 It has also been estimated that
every year for each 100,000 in population,
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six children will be born with cerebral
palsy.?

This figure disparity is obviously signif-
icant, however, even the lowest number
estimated is sufficiently high to suggest
that there is a large minority of cerebral
palsy patients both in the United States
and around the world.

Within this large group there exists three
major classes of cerebral palsy patients.
The antenatal (before birth) group consists
primarily of the congenital type of cerebral
palsy. Some of the causes of this disorder
range from infectious disease, syphillis,
inherited metabolic defects, and toxemia
during pregnancy. The natal (during birth)
group is the most frequent type of cerebral
palsy, involving trauma at birth, hemor-
rhage, anoxia, heavy sedation of the
mother, or hypoxia secondary to winding
of the umbilical cord around the baby's
neck. The postnatal group is from infec-
tious and traumatic lesions such as enceph-
alitis, meningitis, vascular accidents, and
Rh incompatability occurring shortly after
the birth.

Within these three separate categories of
cerebral palsy are sub-classes of muscular
dysfunction and conditions described as
spastic cerebral palsy, the athetoid cerebral
palsy, and the ataxic cerebral palsy.

SPASTIC CEREBRAL PALSY

In the spastic group of cerebral palsy
children the most common symptoms are
an awkward, irregular type of gait. Most of
these victims are hemiplegic wherein the
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cerebral palsy affects one side of the body
involving both limbs. Other segments of
the body may be afflicted, but are less
common: monoplegia (one limb), diplegia
{both lower limbs), and quadraplegia (all
four limbs).

Of all the different types and com-
plexities of cerebral palsy, approximately
60 percent of the cases fall into the spastic
category. This lack of muscular control and
balance makes the cerebral palsy indi-
vidual stand out in a crowd. Therefore,
sometimes orthotic assistance is sought to
correct unsightly posture and gait.

ATHETOID CEREBRAL
PALSY

It is estimated that 20 percent of cerebral
palsy patients are in this category. The
characteristics of athetoid cerebral palsy
are uncontrollable movement of the face
and all four limbs. There is also difficulty
with speech and swallowing. The indi-
vidual usually attempts voluntary move-
ment and cannot, which brings about
emotional tension. This tension, however,
is usually absent during sleep.

ATAXIC CEREBRAL PALSY

In the ataxic cerebral palsy patient, there
is no spasticity, nor is there athetosis. The
gait is unsteady and the appearance of
falling is very noticeable. Basically, there is
a disturbance of muscular coordination
since the brain lesion is primarily cerebel-
lar. The child’s intelligence is usually not
affected in these cases.

The complexities of cerebral palsy and its
occurences are variable and the integration
of the different types, sub-classes, and it
causes are immeasurable. There are sub-
divisions within these major divisions of
cerebral palsy which are not elaborated
upon in this paper. These groups are
“characterized by outstanding clinical
manifestations,” all dependent upon the
location of the brain lesions.5

These physical complications all become
part of the medical team treatment picture
as the child progresses.

TREATMENT AND
PSYCHOLOGICAL
CONSIDERATIONS

Initially the cerebral palsy baby may ap-
pear normal and show no outward signs of
disability. But usually by the age of three
months some symptoms will begin to ap-
pear. The first step in any treatment situa-
tion should be the setting of realistic goals
based upon the individual potential of the
cerebral palsy child.

Since the lesion involvement can be mild
to severe, the recommendations of the
family physician usually consist of a multi-
ple team treatment approach. The man-
agement of the cerebral palsy child is a
family affair, but medical team members
such as the rehabilitation physician, sur-
geon, therapists, psychologists, and or-
thotists play a major role as well. These
professional people must have compas-
sion, understanding, and a caring attitude
in conjunction with realistic goals.

The mentality of approximately 75 per-
cent of these individuals with cerebral
palsy is well below average. Most of the
mentally deficient cerebral palsy children
are in the spastic quadraplegic group.
Thus, knowledge of these immediate
limitations helps the professional to assist
the family in dealing with the non-institu-
tionalized as well as the institutionalized
cerebral palsy child during the early years.

A small percentage of the cerebral palsy
children are able to function at home and
school with somewhat minimal dysfunc-
tion. However, a larger percentage of these
children require substantial assistance
physically, emotionally, and psycholog-
ically. Again, the degree of muscular dys-
function depends upon the amount and
severity of brain lesions. “No two patients
have identical symptoms.”! This complex-
ity suggests careful psychological consid-
erations.

As mentioned earlier, the parents of the
cerebral palsy child are seldom aware of the
problem with their child because the dis-
order can sometimes go undetected for
several months.

Therefore, the parents, as well as the
cerebral palsy child, need special psycho-
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logical attention. They experience disap-
pointment, guilt, and anxiety when the
first signs of the brain disorder appear.
Some parents have great difficulty ac-
cepting the reality that their child will
never be “normal.” This is when the team
treatment approach becomes essential.
The psychological needs of the cerebral
palsy child are assessed depending upon
the age of the child and the potential of
mental development. Of course, the less
severe the palsy is, the greater the chance
for social competence and interaction,
Because the cerebral palsy individual’s
disability is visible, we frequently assume
that they also suffer from some other un-
seen defects such as mental retardation,
deafness, etc.®
However, this is an arguable fallacy in
most instances of disabilities. Certain types
of cerebral palsy children suffer a mental

deficiency, yet often times they are com-
prehensive, teachable, and mentally func-
tioning individuals with a physical dis-
ability.
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“Zero-Position” Functional Shoulder
Orthosis for Postoperative
Management of Rotator Cuff Injuries

Jiro Ozaki, M.D.
Ichiro Kawamura

INTRODUCTION

Many shoulder orthoses such as the air-
plane splint, the abduction splint, and the
Velpeau bandage have been widely used
for injuries. These orthoses, however, some-
times cause shoulder contracture and mus-
cle imbalance. The shoulder joint pos-
sesses the widest range of motion and the
most varied movements of any joint in the
human body. The “scapular plane” has
been accepted as the reference plane for the
mechanism of the shoulder joint? (Figure
1). Codman (1934)! pointed out a very
natural position for the human arm when
the body is recumbent, and called this po-
sitton a subordinate pivotal position. In
this position, the axis of the humerus is in
line with the axis of the spine of the
scapula, and the head and the neck of the
humerus is in the same plane (Figure 2).
Saha (1961)° has designated this point as
the “‘zero-position,” because muscular
rotatory forces acting upon the humerus at
this position are almost zero. Ozaki (1980)*
performed cineradiographic and radio-
graphic studies, and concluded that the

63

scapular plane should be inclined forward
at an angle of 30 to 45 degrees to the frontal
plane, and that in the zero-position the
humerus must be elevated to 150 degreesin
the “scapular plane,” with individual vari-
ations. On the basis of these biomechanical
concepts, we designed our zero-position
functional shoulder orthosis for the post-
operative management of rotator cuff in-
juries.

FABRICATION PROCEDURE

The orthosis consists of a pelvic support,
a thoracic support, an upright bar, and an
arm support (Figure 3). The pelvic girdle is
made of 4mm subortholene plastic sheet.
The iliac crest is the most important point
of this orthosis—if the upright support
fails to hold the shoulder in position after it
is fitted to the patient, it will result in seri-
ous problems for the shoulder joint. The
length of the upright bar can be changed
because the distance from axilla to iliac
crest varies according to the angle of eleva-
tion and depression of the arm. The up-



SAGITTAL

Jiro Ozaki, M.D.; Ichiro Kawamura

Figure 1. The scapular plane.

right bar can be rotated on a horizontal
plane and fixed in any position. The eleva-
tion angle of the shoulder joint can be
changed by a mechanical joint and it can be
fixed in any position. The distance of axilla
to elbow joint changes when the shoulder
joint is lowered so it also has to be adjusta-
ble. The angle of internal and external ro-
tation of the humeral axis is very impor-
tant for the zero-position. For a relaxed po-
sition, the shoulder has to take a neutral
position; therefore, we have provided a ro-
tation mechanism. The angle of the elbow
joint is also important for a relaxed posi-
tion. It should be flexed slightly. At this
joint, the angle of flexion can be changed
and fixed in any position and the lower arm
support can be removed when necessary
for exercising the forearm.

FRONTAL

Figure 2. Roentgenogram showing the normal
shoulder joint in the zero-position.
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Figure 3. The design of the zero-position functional shoulder orthosis.
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THE CASTING PROCEDURE

The plaster negative should be made
before the operation because the orthosis
must be fitted to the patient after only afew
days and it is difficult to make the cast after
the operation.

The casting should be made from the
metacarpal phalangeal joint of the hand to
the pelvic girdle in the zero-position. As
we pointed out, the most important point
of this orthosis is the iliac crest, so be care-
ful to create the proper shape for this area
in making the plaster negative.

The arm should be elevated to 150 de-
grees and flexed forward 30 to 45 degrees
from the frontal plane. The palm of the
hand should face inwards to give neutral
rotation of the humerus, and the elbow
joint should be slightly flexed to give a
more relaxed position of the shoulder joint.

If it is impossible to make the plaster
negative for some reason, fit the patient
using the Boston Brace™ body jacket or
something similar.

MODIFICATION OF THE
PLASTER POSITIVE MODEL

For convenience of modification, pro-
vide marking at the base of the axilla and
cut open the trunk part and the upper
limb. The basis for ensuring zero-posi-
tion is a well fitted pelvic girdle, so it must
be deeply cut away in the waistline as with
a Milwaukee Brace girdle.

PLASTIC LAMINATION
AND FITTING

The pelvic girdle and each cuff for the
upper limb are made from 4mm subortho-
lene plastic sheet. The distal trimming
line of the pelvic girdle should extend
low enough posteriorly to just clear the
chair when the patient sits. Proximally, it
should not touch the bottom edge of the
12th ribs. The anterior distal edge of the
pelvic girdle must cover the anterior supe-
rior iliac spines laterally, but medially only
to the top of the symphysis pubis.

The upper arm and forearm cuffs should
be trimmed so that the shoulder joint can
be adducted completely and the elbow
joint flexion angle is not disturbed. Fix the
%" upright to the pelvic girdle and the tho-
racic metal band. Weld a 12" diameter metal
tube to the bar. Assemble each cuff for the
upper limb and the shoulder joint, and
then connect them to the tube. Cut off any
unnecessary material as far as possible.

CLINICAL
CONSIDERATIONS

Concerning shoulder immobilization
after the operation for rotator cuff injuries,
several methods such as Plaster of Paris
spicas and the Velpeau bandages have
been used, but they sometimes cause con-
tracture of the shoulder joint. The use of the
zero-position as the position for postop-
erative immobilization of rotator cuff in-
juries is not a common practice, but it is
particularly helpful in the postoperative
program for regaining functional move-
ment.? As the zero-position tends to be a
point of convergence for elevation in the
scapular plane, the patient who works for
greater range of motion from the zero-po-
sition is able to initiate movement readily
in any plane of elevation. Furthermore,
since the deltoid, the supraspinatus, and
the infraspinatus are relaxed, the zero-po-
sition is the most favorable position to en-
courage physiological repair of lesions in
and about the greater tuberosity. Also, the
scapular plane is the reference plane for the
movements of flexion and extension, ab-
duction and adduction at the humero-
scapular joint, and in this plane the rotator
cuff is not subjected to a twisting strain.
These are the reasons why we have used
our zero-position functional shoulder or-
thosis for postoperative management of
rotator cuff injuries.

®Physical Support Systems
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Figure 4-A. The orthosis is applied to maintain
the zero-position. An anterior view.

POSTOPERATIVE
MANAGEMENT OF
ROTATOR CUFF INJURIES

Immediately after the successful repair of
the rotator cuff injury, the zero-position of
the shoulder should be maintained by skin
traction while the patient rests in bed.
After three days, the functional shoulder
orthosis, which has been made to order
preoperatively, is applied to maintain the
zero-position on the scapular plane (Fig-
ures 4-A, 4-B). At the beginning of the
third postoperative week, the upper limb
in the orthosis is extended at 100 degrees
abduction on the scapular plane and the
patient is allowed to start gradual active-
ly-assisted abduction exercise of the arm.

From the fourth to the sixth week, when
the patient is able to perform active eleva-
tion in the range of 60 degrees to 150 de-
grees, the abduction angle of the orthosis
can be decreased gradually to 30 degrees.
Mass movement exercise involving circular
motion is indicated. Two to three months
after surgery, the orthosis is removed. At

Figure 4-B. A posterior view.

this stage the patient is able to use a full
range of elevation, and at three to six
months, the patient has made maximum
I’ECOVEI'Y.

For the postoperative management of
rotator cuff injuries, we have fitted this
orthosis on more than 75 patients. As a
result of being able to gradually decrease
the elevation angle from the zero-position,
it was recognized that pain which had oc-
curred in the patients of the plaster cast
immobilization group in the zero-position
was reduced. Therefore, early healing and
excellent results were achieved in nearly all
cases.

CONCLUSION

On the basis of the biomechanical con-
cepts of the zero-position and the scapular
plane, the authors have designed this
zero-position functional shoulder orthosis.
It has been successfully fitted to more than
75 patients for the postoperative manage-
ment of rotator cuff tears. Clinical trials of
this orthosis can be extended to the post-
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operative management of other shoulder
conditions, but in case of recurrent shoul-
der dislocation, posttraumatic shoulder
dislocation, and inferior and multidirec-
tional instability of the shoulder, it should
not be used to immobilize at the zero-po-
sition, because glenohumeral dislocation
may frequently be encountered due to
glenohumeral instability such as Bankart,
or Hill-Sacks lesions, and glenoid dys-
plasia.

NOTES

Flease send reprint requests to Dr. Jiro Ozaki, M.D., Department of
Orthopaedic Surgery, Nara Medical University, Kashihara, Nara, 634,
Japan.
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Technical Note:

A New Concept in the Fabrication of
Double Upright Orthoses

Karl W. Bremer, Jr., C.O.

INTRODUCTION

The concept of having the uprights for a
double upright knee ankle foot orthosis
(K.A.F.O.) formed using templates and a
pneumatic pressure system has intrigued
the author for a number of years. Many
ideas have been pursued in an attempt to
develop a system that was economical, effi-
cient, easy to use, in need of little mainte-
nance, took up a relatively small amount of
space, and could be set up on a standard
work bench.

Using the pneumatic forming system in
conjunction with carbon fiber composite
material, which is used for the bands of an-
kle foot orthoses (A.F.0.) and K.A.F.O.’s,
has made it possible to achieve substantial
savings in time. A single K.A.F.O. can be
produced in two to 2%2 hours time, which
is approximately one-third the time other-
wise necessary. The orthotist or orthotic
technician, requiring less skill, is capable
of producing three or four double upright
K.A.F.O.’s a day.

THE PNEUMATIC PRESS

The Press* consists of an air bag
mounted in a steel support frame. The bag
(a section of fire hose) is six inches in
diameter and 36 inches long, sealed at both
ends, and connected to the shop air system
by a nozzle in the middle. At 100 p.s.i.
(pounds per square inch), 4,320 pounds of
pressure is exerted in the expanded state.
This is sufficient for bending stainless steel
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uprights up to 316" by 34" in size. Alumi-
num uprights are annealed for ease of
forming and to lessen the chance of break-
age. For annealing, the uprights are heated
with a torch and the temperature checked,
using white soap, which turns a dark
brown, or wood, which skates across the
surface like soap, and then quenched in
cold water for faster cooling. Air cooling
also works, and of course 2024T3 grade
aluminum alloy regains most of its hard-
ened properties in 24 hours.

A series of ten templates ranging from
infant to adult sizes are used to form the
uprights (Figure 1). In 80 percent of the
cases, the one standard adult template is
used. Use of a template not only speeds the
process, but also diminishes marring of the
surface and rotation about the long axis of
the upright. For any given patient, 90 per-
cent of the required bends can be formed
using a standard template. The remaining
ten percent of the contouring is done by
hand (Figures 2-7).

The benefits of using the pneumatic
press become evident when forming bilat-
eral K.A .F.O.’s with double uprights, pro-
viding the lower extremity tracings have a
standard non-atrophied shape. In conjunc-
tion with the use of the carbon fiber mate-
rial, a substantial time savings is achieved.
This reduces the time required for com-
pleting the orthosis to a total of approxi-
mately four and one half to five hours. The
four uprights are pressed and shaped
within a 20 to 25 minute period.
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Step 1. In this case, the stan-
dard adult template is used
with the aid of a pair of com-
pression blocks. These are
used when more pronounced
bends are necessary. Upright
has been annealed and bolted
to the template.

Step 2. The pneumatic bag is
lowered into position and the
steel safety pins are inserted.

Step 3. Air is forced into the
air bag at 80 P.S.1. (Notice ex-
pansion of the bag).
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Step 4. Air bag is raised.

Step 5. The template is re-
moved from the press.

Step 6. Upright is removed
from the template and
checked against the tracing.
Distal bend at calf band will
be done by hand.
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SUBSTITUTION OF
CARBON FIBER
COMPOSITE BANDS FOR
ALUMINUM BANDS

The use of carbon fiber composite is the
result of several years of experience looking
for a substitute for aluminum bands. Ini-
tially, ¥s" nyloplex was used. Nyloplex is
easy to shape, and has beneficial rigidity
and memory properties. However, we
found that it tended to crack when riveted
with metal rivets and when subjected to
prolonged stress. As a substitute we tried
Y&" and 316" polyvinyl chloride. It is not
brittle like nyloplex and otherwise is easy
to shape and has good memory. However,
its lack of rigidity rendered it unaccepta-
ble.

Experience with carbon fiber composite
inserts, to reinforce the ankle sections of
L.5.U. Reciprocating Gait Orthoses, led us
to use carbon fiber composite material’ in
sheet form (Figure 8). To date, this has
proven to be the material of choice. Bands
ranging in width from 1%"-1%2", depend-
ing upon patient size, are laid out on a

Step 7. The upright has been
corrected and checked against
the tracing. Time from Step 1
to Step 7 is 10 minutes.

Step 8. Bands are predrawnon
carbon fiber to minimize
waste. An average of 20% of
the carbon fiber material is
wasted.

sheet of the composite material, so as to
minimize waste. The bands are cut out
using a bandsaw with a skip tooth blade.
The two-ply carbon sheet is adequate for
small to medium size orthoses on children
up to age 12. On larger patients the three-
ply sheet is recommended. To minimize
the possibility of wrinkles developing
when the bands are formed, the bands
should be cut out on a bias so the fibers are
at a 45° angle relative to the direction of
bend. This will also cause the edges to ra-
diate outward from the patient and appre-
ciably increase the resistance to torque. So
far, only one instance of breakage has oc-
curred amongst 150 bands. In this instance,
the two, two-ply bands on a K.A.F.O.
failed. These were changed to a pair of
three-ply bands without further incident.

To form the bands, a special device is
used. The properly contoured uprights are
attached to the extensions and stirrup.
They are then mounted in the knee joint
alignment fixture which has been set to the
proper medial-lateral diameter as dictated
by the patient’s measurements (Figures
9-11). The depth and tilt of the thigh and
calf bands are established by setting the
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Step 9. Uprights are trans-
ferred to the K.A.F.O. jig.
Bands are cut out, heated with
a heat gun, and clamped into
position. The depth of the
bands is predetermined with
the two horizontal tables.

Step 10. Top view. Bands will
be removed, trimmed, and
attached to uprights. Orthosis
is then ready for leather.
Time: 2 hours.

Step 11. Close-up view.

Step 12. Bands finished and
ready for attachment.
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Step 13. Bands finished and
riveted to the uprights. If not
satisfied with the shape of the
bands, adjustments can be
made by re-heating,.

T
Pt :

Step 14. Uprights for bilateral K.A.F.O.’s that Step 15. Carbon fiber bands Step 16. Completed child's
have been pressed out. Time: 30 minutesatthis on finished K.A.F.O. patient  double upright K.A.F.O. with
step. This includes annealing, pressing, and has severe damage to the knee  carbon fiber bands.
assembling. joint.
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Step. 17. (above) Carbon fiber
bands on genu valgum pa-
tient. Single  upright
K.A.F.0.'s with aluminum
pelvic band.

Step 18. (right) Use of carbon
fiber composite bands in
double upright A.F.O.’s.

two horizontal tables. The bands are
heated, secured in place with spring
loaded clamps, and allowed to cool for 2¥2
minutes (Figures 12, 13).

COST AND TIME
COMPARISONS

A carbon fiber band costs about $7.50.
Five minutes or less is needed to put the
three bands in place, ten minutes is needed
to finish and attach the bands, for a total of
15 minutes.

An aluminum band costs about $2.50 per
band. It takes about 15 to 20 minutes to put
each band in place or about one hour to
position and attach all three.

It takes approximately two to two and
one half hours to fabricate a K. A.F.O. using
the pneumatic press and carbon fiber com-
posite bands, versus six hours to fabricate a
K.A F.O. using the conventional tech-
nique and materials.

AUTHOR

Mr. Bremer is President of the Bremer Brace Company, Inc., 1724
South Orange Avenue, Orlando, Florida 32806

*Available from Bremer Brace Company, Inc., 1724
South Orange Avenue, Orlando, Florida 32806.

tAvailable from Durr-Fillauer Medical, Inc., Ortho-
pedic Division, 2710 Amnicola Highway, Chatta-
nooga, Tennessee 37406.




REVIEWS

by Charles H. Pritham, C.P.O.

A Guide to Controls; Selection, Mounting,
Applications, Rehabilitation Engineering
Center, Children’s Hospital at Stanford,
520 Willow Road, Palo Alto, California
94304. 144 pages, 1982.

The challenge of providing the severely
disabled with mobility, communication,
and control of their environment is one that
has gained increased attention in the last
ten years. Great potential in meeting this
challenge is afforded by the growing avail-
ability of such devices as powered wheel-
chairs, personal computers and environ-
mental control systems. One of the most
daunting aspects of the matter, however,
has been the business of providing an in-
dividual with control of the various devices
intended for his assistance. As its title
suggests, this publication is intended as a
guide to the subject.

The book is assembled in a loose leaf
format so that it can be readily updated and
expanded. It is essentially a survey of
commercially available controls with
suggestions as to their application and
mounting. Suggestions are given for per-
forming a systematic evaluation of an indi-
vidual’s needs and capabilities. The book
does not purport to be all inclusive and
purposely excludes most of the very so-
phisticated and specialized devices at the
far end of the spectrum. It does include,
however, extensive lists of references and
reference and information centers to be
contacted for further information. While it
may seem simplistic to some, it should
prove to be of considerable assistance to
those who are confronted with the problem
of providing even the simplest function
without backup or resources.
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Splinting in Hand Therapy, Erik Moberg,
M.D., Ph.D., Carl-Goran Hagert, M.D.,
Ph.D., Ulla Nordenskiold, Monica Tra-
neus, and Brigit Svens. Thieme-Stratton,
Inc., 381 Park Avenue South, New York,
New York 10016. 88 pages and index, soft-
cover, Feb. 1984, $19.50.

This is the English edition of a book
originally published in Swedish and sub-
sequently in German. The authors describe
it as being intended specifically for the
personnel—surgeon and therapist—
working in a small unit remote from large
specialized centers. As such, and given its
length, it might best be characterized as
presenting a problem-solving technique
rather than a series of specific prescriptions
for specific problems.

The book reviews a number of basic
principles, criteria, and objectives while
presuming a certain depth of knowledge
and experience. One of the points the book
stresses is the need for mutual support and
cooperation of surgeon and therapist.
Strikingly absent is any mention of arole to
be played by an orthotist. This seems to be
more typical than not of hand therapy in
general, however. Not too surprisingly, the
emphasis is given to use of such readily
worked materials as plaster and low temp-
erature plastics. The authors’ unabashed
preference for plaster is explained, and the
problems of it and of plastic are explored.

This volume should be read and anal-
yzed in an objective fashion by any ortho-
tist attempting to identify a role for him-
self in the area of upper limb orthotics. In
particular, the reasons why the authors ap-
parently prefer to work without the assis-
tance of an orthotist should be identified.




The Cervical Spine, The Cervical Spine Re-
search Society, ].B. Lippincott Company,
The Health Professions Publisher of
Harper and Row, Inc., East Washington
Square, Philadelphia, Pennsylvania 19105.
544 pages and index. February 1983, $57.50.

The book is a compilation of articles by
53 contributors from around the world. In
a comprehensive fashion it reviews the
subject, covering such matters as anatomny,
roentgenographic evaluation, physiology,
biomechanics, and neurological evalua-
tion. It also considers such causes for con-
cern as fractures and dislocation, infec-
tions, injuries of the cervical cord, tumors,
and degenerative disorders. Surgical ap-
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proaches and techniques are also dis-
cussed.

Of particular interest to orthotists is the
chapter on use of the halo-vest system and
the chapter that compares the effectiveness
of various cervical orthoses. This latter
chapter is particularly interesting because
it summarizes much that has been pub-
lished in the literature and provides an
objective comparison based on various
means of measuring motion for various
segments of the cervical spine. The use of
cervical orthoses is also mentioned where
appropriate in relation to specific condi-
tions.

Any orthotist interested in learning
more about the cervical spine should find
this text useful.
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You’re looking at all the cervical orthoses you'll need
to correctly fit all of your patients.

One size fits all. A variety of Velcro closure

The SOM.L® Jr.™ in addition adjustment points control orthosis
to being completely adjustable, circumference and height while
is a lightweight cervical orthosis modifications o orthosis shape may

designed to immobilize the cervical be easily made with the application

spine by controlling rotation, flexion of heat.

and extension. A lightweight plastazote lining
It is especially effective when makes the SOM.L® Jr.™ extremely

used as part of a total rehabilitation  comfortable and cosmetic in

program after removal of the more  appearance. It is completely wash-

rigid regular S.O.M.I® Orthosis. able and may be applied right off

the shelf in any clinical setting.
UsilE

United States Manufacturing Company
180 N. San Gabriel Bivd., P.O. Box 5030, Pasadena, Califorma 91107 US.A
(B18) 796-0477, Cable: LIMBRACE, TWX No.: 910-588-1973, Telex: 466-302

Product Number: A17-800-0000

Patent Pending
©1984, United States Manufacturing Company




THIS IS THE ORIGINAL.

WHY DOES

Usually when a superior product is cop-
ied, the imitations are priced lower to com-
pete. In the case of the original Dale® Reten-
tion Belt, that didn’t happen. Here's why.

Our Retention Belt is one of a family of
stretch support products designed for hospi-
tal use and made to highest professicnal
standards. Because we buy all of our materi-
als and dedicate our manufacturing to this
spedialty, we can bring you a Retention Belt
that is better made than any other—and

priced significantly lower than the look-alikes.

It's designed for mobility and comfort
as well as support. Double-ply stretch panels
are joined by a patented technique to con-
form to contour and movement. Large
Velcro® closure surfaces are continuously
adjustable and built for long use. The
pocket accepts our own heat-retaining,
high-density foam insert or any similarly
shaped insert of your choice. And there are
many details of careful workmanship you'll
see and appreciate.

DALE

COST LESS?

We invite you to inspect and compare
the Dale retention belt with the belt you are
now using. If you don't agree completely
that the original is still the best, we'll gladly
refund the low purchase price. Simply send
us the coupon below.

NO RISK TRIAL OFFER |

Dale Medical Products, Inc
7 €ross Street, PO. Box 1556, Plainville, MA 02762

O Send me one Dale Retention Belt for
inspection and trial. If | am not completely
satisfied that it is superior to the belt | am
now using, | may return it within 30 days.
Otherwise | understand you will bill me for
the low trial price of $10.00.

[] Please include your high-density, heat-
retaining foamn insert with the beft at no
extra charge.

Name S
Address == _
Gty State.. .. . .Zipy

| S A S R -

© 1984 Dale Medical Products

—————————————

Dale Medical Products, Inc., 7 Cross Street, PO. Box 1556, Plainville, MA 02762 U.S.A., Call 800-343-3980
In Mass. and International: 617-695-9316



SPECIAN, ORDER
MODIFY
INEXPENSIVE

TODAY'S LESSON
THE KINGSLEY LITEFOOT™

*'Like walking on a cloud” was the comment of
an amputee when the Kingsley Litefoot was intro-
duced in 1966, Since then, the Litefoot has brought
comfort and walking ease to amputees worldwide.

The improvements in the Litefoot since its in-
ception have made it a universally popular foot for
those who need a soft foot and light prosthesis and
for geriatric applications.

With its soft body and reinforced sole, the
Litefoot is ideal for early weight bearing and ambu-
lation training. It eases toe-off and walking on rough
terrain, while saving energy by weighing less - an
ideal foot for the ultralight prostheses.

The Litefoot with a medium heel is stocked, for
immediate delivery, in the three most popular styles
of Kingsley Molded Sach Feet - the Low Profile
{3/4'" heel), the Women's Flattie [3/8" heel) and the
Women's Casual (1-3/8"" heel}.

The Litefoot may be special ordered, at no extra
cost, in any Kingsley Moided Sach Foot style. If a soft
heel is required, it may be ordered as 'soft through-
out’. Additionally, any Litefoot can be easily sanded
for narrow shoes or modified for heel height varia-
tions.

The Kingsley Litefoot is the best answer for
comfort in an excellent-functioning, diversified and
economical foot - from now on, it’s not a lesson, it’s
your wisdom.

KINGSLEY MFG. CO.
POST OFFICE BOX CSM 5010

COSTA MESA, CALIFORNIA 92628
{714) 645-4401 » [800) B54-3479
Cabie Address: KINGFEET

World's leading manufacturer of prosthetic feet with Natural Toes™.




OTTO ROCK
W. GERMANY

New from OTTO BOCK:

3R28 Modular Hydraulic Knee Joint of Titanium

ORTHOPEDIC INDUSTRY INC
UNITED STATES OF AMERICA

4130 Highway 55
MINNEAPOLIS/Minnesota 55422
Telephone (612) 521-3634
Telex 2 90 999

© OTTO BOCK 06.1983

The 3R28 Knee Joint has the same design as the 3R27 Single
Axis Knee Joint with hydraulic swing phase control. The only
difference is that it consists primarily of parts fabricated from
titanium. This resuilts in a substantial weight savings of 210 grams.

The small, integrated hydraulic unit provides resistance tc motion,
thus enabling the lower leg to move harmonically and naturally.
The amount of resistance is adjustable.

The maximum flexion angle of the knee joint is 1459 and its
structural height is 37 mm (from knee center to the top of the
pyramid).



Classified Ads

In order to properly calculate the number of words in (and the cost of) a classified advertise-
ment according to the method used by AOPA, the advertiser should do the following. Add
up every character in the ad, including commas, hyphens, etc. Divide the sum by five (we
consider a word to consist of 5 characters) to find the total number of words. Then figure the
cost based on these rates: MEMBERS— First 30 words $32.00. Each addiitonal word $1.50.
NON-MEMBERS—First 30 words $78.00. Each additional word $4.00. Responses to AOPA
Box numbers are forwarded unopened free of charge. Advertisements are to be paid in
advance. Checks should be made payable to AOPA. Send to AOPA, 717 Pendleton Street,
Alexandria, VA 22314. No classified ads will be taken by phone.

Orthotist—Certified or board eligible.
Minimum 2 years experience. Excellent
opportunity to grow with new, progres-
sive firm in Raleigh, N.C. Must interact
well with doctors and other health profes-
sionals as well as patients in office or hos-
pital setting. Salary and benefits commen-
surate with experience.

Raleigh offers a mild climate, excellent
cultural and recreational opportunities,
and close proximity to both the mountains
and the coast. Please send resume and sal-
ary requirements to:

Professional Orthotics &
Prosthetics, Inc.
4336 Bland Road
Raleigh, North Carolina 27609
919-878-9168

PROSTHETIC AND/OR
ORTHOTIC TECHNICIAN

The University of Texas Health Science
Center at San Antonio has an immediate
opening for a person experienced in either
orthotics or prosthetics. Attractive salary
and fringe benefits package. Applicants
should forward resumes to or contact:

Virgil Faulkner, C.P.O.
UTHSCSA, Room 639E
7703 Floyd Curl Drive
San Antonio, Texas 78284
(512) 691-6593

The University of Texas Health Science
Center at San Antonio is an Equal Oppor-
tunity/Affirmative Action Employer.
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Opportunity for aggressive, knowledge-
able C.P.O. with at least 3-5 years experi-
ence—offering part- and eventually full-
ownership of modern P&O facility—
Midwest location—medium to upper
size—serious individuals only please reply
in strictest confidence to AOPA Box 78409,
717 Pendleton Street, Alexandria, VA
22314.

Administrative Position

East Coast non-profit corporation. O&P
management experience and technical
background essential. A.B.C. certification
highly desirable but not mandatory. Public
relations background desirable. Oral and
written communications ability required.
Some travel. Excellent working conditions.
Salary commensurate with experience. Ex-
cellent fringe benefits. Opening fall or
early winter. Reply to AOPA Box 78407, 717
Pendleton Street, Alexandria, VA 22314.

ORTHOTIST

Certified or Board Eligible, Midwest fa-
cility, Chicago area. Active lab requires
orthotist to do patient handling, clinics,
and fabrication. Medium sized company
with good reputation. Salary and benefits
commensurate with experience. All replies
held in confidence. Write to: AOPA Box
68401, 717 Pendleton Street, Alexandria,
VA 22314.



Practice for sale or will take CPO as partner
in a small growing practice in University
town. Gallatin Prosthetics, Ltd., 103 Com-
mercial Drive, Bozeman, MT 59715, 406-
586-8386.

ORTHOTIC TECHNICIAN

We are seeking a team-oriented person
with both plastic and metal fabrication
skills. If you're interested in relocating to
Atlanta, GA, with attractive salary and
benefits, please contact:

Ron May

c/o Southern Prosthetic Supply Co.
P.O. Box 7428

Atlanta, GA 30357

or phone: 800-241-1892

83

INTERCEPT 300 Sheet Stock: Insulative,
Resilient, Easy Cutting, Shock Absorbing,
Soft, Polymer. Price List-Sample. Neil
Barry, 10 King Street, Lynn, MA 01902.

CP, CPO—to manage or buy modern facil-
ity; well established; East Coast. Write to:
AOPA Box 68402, 717 Pendleton Street,
Alexandria, VA 22314.

Board eligible or CPO to work in progres-
sive private practice located in New York’s
beautiful Hudson Valley. Convenient to
midtown Manhattan and outdoor ac-
tivities such as skiing and fishing. Submit
resume to Michael Lefton, M&M Pros-
thetic Assoc., Rt. 28, Kingston, NY 12401.



JURR-FILLOUER MEDIC3L, INC.

aw. 4

The Low Profile Neck Ring is designed
to be fit low, as close to the shoulders
as possible, for maximum cosmesis. At
the same time it preserves the critical
functions of the Milwaukee superstruc-
ture providing structural integrity for
the uprights and centering the patient’s
head over the pelvis.

Patient compliance and acceptance are
critical to the success of any orthosis.

Use of the Low Profile Neck Ring pro-
vides you with a means of assuring pa-
tient acceptance and still fit a proper or-
thosis for the marginal thoracic curves.
So, for those patients for whom a TLSO
under-arm orthosis just will not do, use
the Durr-Fillauer Low Profile Neck Ring.
Available in four sizes.

dJuURR-FILLAUER MEDRICaLl. INc.
Orthopedic Dvision




STABILITY IN MOTION

© 1982 Camp Intemational, Inc

K-Line provides effective support.

To be effective, a knee cage must stabilize and support
the knee joint and at the same time allow natural
knee motion.

Drawing on their 70 years of experience in designing
orthotic devices, and their knowledge of advances in
quality materials, Camp Interational was instrumental in
the development of a new line of knee cages designed to
provide the most effective, durable and practical support
and brace possible. This is another example of Camp’s
Leadership Through Innovation.

Because there are so many types of knee injuries, Camp

. ; # 4 The ultimate in knee cages utilizes Camp’s new MULTI-
makes K-Line available in 17 different styles so that no CENTRIC JOINT. This unique product is designed to

matter what the need, K-Line has what you're looking for. follow natural knee motion. It minimizes migration of the

] i bee elastic, providing reliable medial and lateral stability. The
K L".‘e by Camp .. .the k.nee SUP.PO'T that h.as b innovative design of removable hook and pile casings
engineered to truly provide Stability In Motion. permits exact positioning at the knee joint center

I{-LINE

Camp Intemational, inc.
P.O. Box 89

Jackson, Michigan 49204
{517) 787-1600



The way we look at it, it’s quite obvious.
The amputee patient deserves to compete

in athletics as much as anyone. What we've

accomplished with the Mark III Rotator is to
provide the amputee with the ability to par-
ticipate in athletic activities by reducing the
rotational stresses experienced between his

prosthesis and residual limb. This newly
designed rotator will provide the amputee

with the advantages of greater socket com-

fort, improved gait symmetry and reduction
in the occurrence of skin abrasion, along
with improved freedom of movement. Con-
sidering that the Hi-torque Mark III Rotator
is tested for over 1,000,000 trouble free cy-
cles, you can be assured of pleasing your
active amputee patient.

Hosmer

“Telephone: (408) 3795151
Telex: 171561

70 Years of Service—With dependability you can count on.




[ "1‘2‘ TWO-POST ORTHOSIS for stabilizing
O™ ey cervical and upper thoracic regions.
Spinal orthoses are our only product. They are only
available through ethical dispensing orthotists. Because
of this we have the motivation and the skill to provide
you 'with the highest quality orthoses possible for max-
imum acceptance by your doctors and patients. And we
back you up with 24-hour delivery of your prescription
orders anywhere in the country. Plus, we have a price

~structure to make our service -
your most profitable way to Floma

fill prescriptions. Florida Brace
Corporation, P.O. Box 1299, Bmce
Winter Park, Florida 32789.

Corporation




C Lorye VIETN e T1ermio ., LID T QOUANKIC COMpOnens aesigii-
ed for distal femoral and tibial plateau fractures, as well as post operative
nee ligamentous repair and problem total hip patients. Unique narrow M-L
nd long A-P femoral component design provides increased lateral pressure
on the femoral shaft and fits a wide range of patients with limited custom
fitting. Anterior openings of tibial and femoral components facilitate applica-
ion, adjustment, removal and skin care. Components can be joined at the
nee with Chicago-type screws and at the ankle with Velcro. Adaptable to

your choice of knee joints - free knee, limited motion, or adjustable.

feparate components for both right and left legs are easily trimmed and
an be fit in the hospital facility

refabricated Components*®

EMORAL
-RACTURE
ORTHOSIS

Interchangeable small, medium. medium-long,
and large fermoral, tibial, and shoe insert com-
ponents available separately for each leg

*U.S. Patent 4,320,748

aWorTHOMED/ICS
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KNIT-RITE
UTILITY .
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® MORE SPACE FOR EACH DAY’'S ENTRY ¢ PERSONAL RECORD PAGE e 1984/85/86 CALENDARS
e IMPORTANT HOLIDAYS e DEC '84 & JAN '86 e 1986 ADVANCE PLANNING PAGE
o TABLE OF LEATHER WTS. ¢ TABLE OF DECIMAL EQUIVALENTS ¢ METRIC CONVERSIONS
e 2 PAGES FOR TELEPHONE NOQO’s. ® 5 CONVERSION TABLES ¢ RULER ON BACK COVER e MORE

IT'S FREE
WHILE QUANTITIES LAST

TO RECEIVE ONE OR MORE
COPIES OF THE KNIT-RITE
'85 POCKET CALENDAR JUST
FILL OUT THE COUPON TO
THE RIGHT AND SEND IT IN
TODAY.

OR CALL TOLL FREE!
1-800-821-3094
4?‘4! ,\’\‘3\-‘_-—
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02>
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KNIT-RITE '85 POCKET CALENDAR(S)

\ PLEASE SEND ME i
- ]
E NAME :
| COMPANY "
'
[ ]
]
]
\

1 CITY STATE zIP

PHONE ( )

THI'NK KNIT-RITE FOR ALL YOUR OATHOTIC and PROSTHETIC SUPPLIES.

KNIT-RITE, INC.
2020 GRAND AVENUE  P.O. BOX 208 » KANSAS CITY, MISSOURI 64141-0208

PHONE: 816-221-5200 TWX # 9107710513
TOLL FREE: 800-821-3094 CABLE CODE: KNIT-RITE




American Orthotic and Prosthetic Association
717 Pendleton Street
Alexandria, VA 22314




