DEVELOPMENT OF REFINED FITTING PROCEDURES
FOR LOWER-LIMB PROSTHESES

Augusto Sarmiento, M.D.a

Professor and Chairman, Department of Orthopaedics
and Rehabilitation, University of Miami School of Medicine
P. O. Box 875, Biscayne Annex
Miami, Florida 33152

Our contract title is “Development of Refined Fitting Procedures for
Lower-Limb Prostheses” because our past work has centered around
lower-limb prosthetic suspension systems. The patellar tendon sup-
racondylar (Fig. 1) system with soft medial wedge was developed at the
University of Miami Medical School and is now our standard means of
treatment for below-knee amputees. Also, the expandable Syme pros-
thesis (Fig. 2) providing suspension without windows was developed by
the University of Miami Medical School and has become the routine
device for Syme’s amputees here. Many years of research have gone into
the Taslon suspension for above-knee and below-knee amputees (Fig.
3), but this project has been temporarily set back until a better material
can be found. In the meantime a system utilizing thermoplastic remov-
able sockets is being developed. With this system, a socket is hand-
formed from polypropylene with the aid of vacuum (Fig. 4), and a rigid,
polyurethane outer structure is fabricated around it (Fig. 5). The final
prosthesis is then laminated over the formed foam structure (Fig. 6).
The socket is then removable, for ease of modification as the stump
dimensions change (Fig. 7). The socket may be reheated l'ocally for
minor adjustments or a new socket fabricated for major adjustmeqts.
Then the new or modified socket is placed back in the old prosthesis with
a small additional amount of urethane foam to refit the socket to the
system. Above-knee, below-knee, and below-elbow patients have been
successfully fitted with this system to date.

“This paper was presented by Dr. Edward Peizer.
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FiGURE 1.—Patellar tendon supracondylar system.

FIGURE 2.—Expandable Syme prosthesis. F1GURE 3.—Taslon socket system.
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FiGURE 4.—Forming polypropylene soc-
ket below knee.

Ficure 5.—Polypropylene socket in
rough polyurethane foam shell, below
knee.

FIGURE 6.— Final prosthesis with lami-
nated shell, below knee.
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FIGURE 7.—Polypropylene socket removable from polyurethane shell, above knee.

All during this time, developments have been progressing in fracture
orthoses. In the past 2 years this clinically applied research has acceler-
ated, and the use of thermoplastics has provided lighter, more func-
tional and more versatile orthotic designs (Fig. 8). Intra-articular frac-
tures of the tibial plateaus are now being braced with modifications to
the tibial fracture orthosis (Fig. 9). Either a medial knee joint, and/or a
lateral knee joint may be added with a thigh extension to the existing
orthosis to suit the particular geometry of the plateau fracture. Frac-
tures of the femur which normally could not be treated by bracing, may
now be treated with an orthosis which has an added pelvic sling.
Forearm fractures are treated in an orthosis which allows elbow and
wrist motion but no supination or pronation (Fig. 10). Colles fractures
are also being treated with an orthosis which provides use of the limb.
The wrist and elbow are free in flexion but limited in extension, and the
forearm is held in supination (Fig. 11). Special additions for difficult
cases include an elbow joint extension (Fig. 12). Humeral fractures are
also being braced now on an experimental basis allowing wrist, elbow,
and shoulder motion (Fig. 13).
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FIGURE 8.—Polypropylene insert development for tibial fracture brace.

| FIGURE 9.— Tibial fracture brace with
knee joints and thigh extension.
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FIGURE 10.——Forearm fracture brace holds forearm in neutral position, allows full volar

and dorsal flexion of wrist, and allows flexion but not full extension of elbow.

Ficure 11.—Colles fracture brace holds forearm in supination, allows volar but not
dorsiflexion of wrist, and allows flexion but not full extension of elbow.

119



Bulletin of Prosthetics Research—Fall 1974

st

BRSO

FiGUre 12.—Elbow joint extension for Colles fracture brace to aid in limitation of
J
pronation-supination.

" FIGURE 13,~Humeral fragiure brace al-

lows flexion and extension of elbow and
shoulder.
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Also, in orthotics design a series of polypropylene AFO’s have been
developed in four standard sizes to be used as an “off the shelf” item for
patients with minimal ankle involvement (Fig. 14). It has been our
experience that about 80 percent of the hemiplegic patients requiring
thermoplastic AFO’s can be adequately fitted with this standard, non-
custom design. Recently, standard modifications have been developed
as “add-on” devices to the standard AFO for patients with minimal knee
involvement or those which require more ankle support (Fig. 15).




FIGURE 15.—Polypropylene AFO's with
extensions.

With this background in orthotics as well as prosthetics it has been
decided that all types of orthotic, lower-limb cases should be included as
possible candidates for development work along with prosthetic cases.
Therefore, our present research centers on difficult and unusual prob-
lem cases in lower-limb orthotics and prosthetics. Individual nonroutine
cases, rather than general classes of problems or devices, are treated and
documented for research. Prospective cases are evaluated for the pro-
gram by a team consisting of physician, orthotist-prosthetist, and en-
gineer. Initial evaluation consists of:

1. Decision to include or exclude from research program.

2. Physical examination by standard forms if prosthetic patient. Phys-
ical examination by technical analysis form if orthotic patient.

3. Prescription for new type of device.

4. Photos of patient with and without old device, and gait analysis
with and without old device.

5. Initiation of file for the patient containing records of the above
plus a list with brief comments on each visit the patient makes, a cover
sheet with vital patient information and brief history, and a form for
each major visit which records: a. evaluation of treatment by clinical
team and by patient; b. gait analysis calculations of rate of ambulation,
stride length, and stride rate; and c. description of device used at that
visit. The patient file is updated with each visit. Once an experimental
device is deemed adequate by the patient and the clinical team without
further major modification, the patient is scheduled for a series of
routine followup visits to commence within 2 weeks and repeat once per

122



Sarmiento: State of Effort—Refined Fitting Proc.

month for a minimum of 1 year. Each scheduled visit includes a gait
analysis (Fig. 16) and evaluation of progress by clinical team and patient.

FIGURE 16.—a. Gait analysis includes load distribution and foot position analysis by
barograph and rate and sequencing analysis using Dr. Perry’s foot switch system. b. Re-
cording time of heel (H), first metatarsal (1), fifth metatarsal (5), and toe (T) contact with
the floor.

Presently, two prosthetic patients and seven orthotic patients have
been included in the case study program. An example orthotic case is
shown in Figures 17 through 30.

FIGURE 17.—Patient with original or-
thosis.
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FIGURE 18.—Patient without orthosis.

FIGURE 19.— First experimental orthosis -
posterior upright with polypropylene
hinge.

FIGURE 20.—Second experimental or-
thosis with polycarbonate compression
members for extension stop.
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Ficure 21.—Closeup of second experi-
mental knee mechanism.

FIGURE 23. —Fourth orthosis using mod-
ified ankle joints and polypropylene
shells.
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FiGURE 22.—Third orthosis with alumi-
num linkage.
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RESULTS AND CONCLUSIONS:

FIGURE 24.— Patient information form.
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FIGURE 25.—Technical analysis form, page 1.
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Fi1GURE 26.—Technical analysis form, page 2.
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FIGURE 27.—Technical analysis form, page 3.
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Ficure 28.—Technical apalysis form, page 4.
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FiGURE 29.—Record of each individual visit.



EVALUATION OF DEVICE
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A. EVALUATION BY PATIENT
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FUNCTION:

B. EVALUATION OF CLINICAL TEAM
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C. GAIT ANALYSIS

RATE OF AMBULATION: : AT
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F1GURE 30.—Major followup visits form.
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