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Evaluation of Multidensity Orthotic Materials Used in Footwear for
Patients with Diabetes

James G. Foto, B.S.M.E., C.Ped." and James A. Birke, PhD., PT, C.Ped.t
Carville, Louisiana, and Baton Rouge, Louisiana

ABSTRACT
Selected combinations of multidensity orthotic materials
were tested under simulated walking conditions found in
the forefoot of diabetic patients. Materials were com
pared for therapeutic effectiveness by their stress/strain
properties and dynamic compression set. Results
showed that all of the multidensity materials experi
enced losses in performance throughout the testing pe
riod of 100,000 cycles, with the greatest losses occurring
within the first 10,000 cycles. Of the materials tested,
Poron + Plastazote #2 and Spenco + Microcel Puff Lite
had the highest dynamic material strain and the lowest
dynamic compression set over 100,000 cycles. In com
parison, these are better multidensity combinations than
the others tested to use as therapeutic orthoses in foot
wear for diabetic patients.

INTRODUCTION

Abnormal pressure is considered the primary cause
of plantar ulceration in diabetes, Hansen's disease,
and other neuropathic conditions. 3 ,4.25 Orthoses de
signed to reduce pressure are used to prevent ulcer
ation and subsequent amputation. Clinical studies
have shown that soft, moldable in-shoe materials ef
fectively reduce plantar pressure. 1O,15,19,21.26 Foot
pressure is reduced by distributing the force of body
weight acting through the feet over a large, accom
modative surface. Under ideal conditions, the materi
als chosen for accommodative orthoses should
maintain their ability to distribute force over thousands
of step-cycles. However, evidence of insufficient pro
tection resulting from permanent breakdown, referred
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to as "compression set," is apparent with some ma
terials at a less than desirable rate.5,13,17,18

Limited information is available for the selection of
materials for therapeutic footwear. Previous bench
studies have examined various materials under rapid
loading (high impact), simulating heel strike during
walking and running.22 ,24,27 Rapid loading, however,
does not duplicate the conditions placed on a material
by the forefoot during walking, which is better mod
eled quasistatically or at very low rates of loading. 8

,20

Several studies have examined compression set in
materials under static loading, but few have actually
examined compression set under dynamic conditions
and examined the stress (force per unit of area con
tacted) and strain (deformation) properties of single
density or multidensity materials under cyclical condi
tions of low-rate loading. 1,2 ,5- 7 ,9 ,12 ,14,23 This study
considered the most commonly used multidensity ma
terials, selected by a national survey of certified pe
dorthists, orthotists, prosthetists, podiatrists, and
physical therapists." The selected combinations of
materials were tested under simulated walking condi
tions found in the forefoot of diabetic patients. Mate
rials were evaluated and compared for therapeutic
effectiveness for use in footwear in diabetes, with
regard to their stress/strain properties and their dy
namic compression set (DCS).

MATERIALS AND METHODS

The multidensity materials tested were Plastazote
#1 + Plastazote #2 (P12) (Zotefoams Inc., Hacketts
town, NY); Plastazote #1 + Poron (P1 P) (Rogers
Corp., Rogers, CT); Poron + Plastazote #2 (PP2); and
Plastazote #1 + Poron + Microcel Puff (PPM) (Acor
Orthopaedic, Inc., Cleveland, OH). The fifth material,
Spenco (Spenco Medical Corp., Waco, TX) + Microcel
Puff Lite (SML), was selected for its interest to us in
our use of this combination of materials. Plastazote #1
and Plastazote #2 are closed-cell polyethylene foams
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Dynamic Compression Set

Subsequent to recording data on stress/strain, the
CCT recorded the DCS of the material at the moment
when the minimum prestress of 10 kPa was reached
on the retraction (simulated toe-off) cycle. Unlike com
pression set measured after static loading for a pre
determined period of time, the DCS was continuously

Stress/Strain

Each material was placed into the CCT, cycled
through 10,000 cycles, and allowed to recover at least
24 hrs before testing was resumed. This was repeated
for 10 days (not necessarily consecutive days) for
each material. Dynamic strain and strain-loss were
measured during each cycle for each material. (Dy
namic strain is the percentage of compression a mul
tidensity material experiences with respect to its orig
inal thickness, while experiencing cyclical stresses
and compression rates similar to walking. Strain-loss
is the percentage loss of dynamic strain over time of a
multidensity material with respect to its dynamic strain
at 40 cycles.)
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Considering that Medicare reimburses for three sets
of customized inserts/year for footwear for diabetic
patients, we examined these specimens of material by
simulating four months of "usual" wear composed of
100,000 total cycles, 350 kPa of compressive stress
(pressure), and an approximate 1 Hz step cycle in the
forefoot. One hundred thousand cycles was chosen
on the basis of 45 steps/ftlmin for approximately 20
min of overall daily walking activity for 30 days/month
for four months." A total of 350 kPa of compressive
stress was near the maximum pressure incurred in
studies of patients using total-contact inserts in cus
tomized footwear. 15 •19 ,2 1 A 10 kPa prestress was
placed on the specimens. This prestress was arbi
trarily chosen to simulate a constant minimum pres
sure placed on an orthosis in a laced-up shoe. A 1 Hz
step-cycle was chosen to approximate a 2:1 ratio of
loading time until maximum forefoot-force (0.7 sec) to
unloading time until toe-off (0.35 sec) on the basis of
samples of our own steps taken on the EMED SF
(Novel Electronics Inc., Minneapolis, MN) pressure
platform. Stress/strain and DCS were measured every
500 cycles throughout the entire course of testing. The
load-cell and linear potentiometer used in the CCT
were checked for calibration before and after all test
ing and on zero balance the load-cell was checked
before each test.

Fig. 1. Cyclical compression testing device.

of different densities and durometers. Microcel Puff
and Microcel Puff Lite are closed-cell ethylene vinyl
acetate foams, also of different densities and durom
eters. Poron is an opened-cell polyurethane foam.
Spenco is a closed-cell neoprene rubber. Samples
P12, P1 P, PP2, and SML were dual-density compos
ites of two layers 6.4 mm (1/4 inch) thick, whereas
PPM was a triple-density composite of 6.4 mm (1/4
inch) of Plastazote #1, 1.6 mm (1/16 inch) of Poron,
and 4.8 mm (3/16 inch) of Microcel Puff. The first
material in all five samples was the top cover as well
as the softest material of each composite selection.

Specimens of material 5.1 cm (2 inches) in diameter
by 12.7 mm (1/2 inch) thick were prepared for testing.
A cyclical compression tester (CCT) (Fig. 1) was used
to measure the stress/strain characteristics and the
DCS of the multidensity materials under simulated
walking conditions. The CCT is a customized, com
puter-controlled bench-top device designed to simu
late these conditions. A ball-screw actuator (P/N
ND1205B; Industrial Devices Corp., Novato, CA) ap
plies a force monitored by a load-cell (P/N SM500;
Interface, Inc., Scottsdale, AZ) mounted inline to a
plunger 57.2 cm (21/4 inches) in diameter. Customized
software using LabVIEW (National Instruments, Aus
tin, TX) monitors the predetermined maximum and
minimum pressures, signaling the actuator to cycle by
way of a feedback amplifier (P/N 16A20ACR; Ad
vanced Motion Controls, Camarillo, CA). Built into the
ball-screw actuator is a linear potentiometer for mon
itoring position, necessary for obtaining measures of
strain on the material. Numerical data were obtained
by data-acquisition software (LabVIEW; National In
struments, Austin, TX) and analyzed and graphically
interpreted using a commercial spreadsheet program
(Excel; Microsoft, Redmond, WA).

 by guest on August 23, 2013fai.sagepub.comDownloaded from 

http://fai.sagepub.com/


Fig. 2. Strain (deformation) of Poron + Plastazote #2 (PP2) under
a 350 kPa cyclical compressive stress through 40; 10,000; and
100,000 cycles,
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Fig. 4. Strain of Plastazote #1 + Poron (P1 P) under a 350 kPa
cyclical compressive stress through 40; 10,000; and 100,000
cycles.
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Fig. 3. Strain of Spenco + Microcel Puff Lite (SML) under a 350
kPa cyclical compressive stress through 40; 10,000; and 100,000
cycles.
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Fig. 5. Strain of Plastazote #1 + Poron + Microcel Puff (PPM)
under a 350 kPa cyclical compressive stress through 40; 10,000;
and 100,000 cycles.
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measured through 100,000 cycles of compression
while simulating in-shoe conditions.

RESULTS

Relative to their stress/strain curves at 40 cycles, all
of the multidensity materials experienced losses in
performance throughout the testing period, with the
greatest losses occurring within the first 10,000 cy
cles. At 10,000 cycles, PP2 had the highest dynamic
strain (50% deformation) and the lowest strain-loss
(12%), whereas P12 demonstrated the lowest dy
namic strain (25%) and the greatest strain-loss (50%)
(Figs. 2-6). At 100,000 cycles, PP2 and SML had the
highest dynamic strains (42% and 40%, respectively)
and the lowest strain-loss (26%), whereas material
P12 again showed the lowest dynamic strain (19%)
and the greatest strain-loss (61 %). Also at 100,000

cycles, P1 P demonstrated a moderate dynamic strain
of 38% and a strain-loss of 36%. Plastazote #1 +
Poron + Microcel Puff (PPM) performed slightly better
than P12, with a dynamic strain of 23% and a strain
loss of 49% (Tables 1 and 2).

DCS for each multidensity material was recorded at
40; 1,000; 10,000; and 100,000 cycles. Thickness of
each material after DCS, referred to as the rebounding
thickness, is shown at those recorded intervals in
Figure 7. Poron + Plastazote #2 (PP2) and SML per
formed best with the lowest DCS of 20% overall,
whereas P12 had the greatest loss (approximately
50%). Plastazote #1 + Poron (P1 P) and PPM had
losses of 38% and 42%, respectively.

DISCUSSION

The authors believe that to reduce stress, ideal or
thosis materials used in footwear for diabetes patients
should maintain a dynamic strain of 50% or better at
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Plastazote #1+Plastazote #2

Strain-Loss (%)

TABLE 2
% Strain-Loss Relative to Performance of the Material at 40

Cycles

P12PPMP1PSMLPP2
Cycles

40
1,000 7 13 8 4 22
10,000 12 22 27 36 50
100,000 26 26 36 49 61

PP2, Poron + Plastazote #2; SML, Spenco + Microcel Puff Lite;
P1P, Plastazote #1 + Poron; PPM, Plastazote + Poron + Microcel
Puff; P12, Plastazote #1 + Plastazote #2.
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TABLE 1
Dynamic Strain of Select Multidensity Materials at 350 kPa of

Cyclical Compressive Stress

40 57 54 59 45 49
1,000 53 47 55 43 38
10,000 50 42 43 29 25
100,000 42 40 38 23 19 6050403020
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Poron + Plastazote #2

capacities to deform strain than did PP2, SML, or P1P
(Figs. 5 and 6).

During the course of testing, the materials generally
displayed elastic (recoverable) and plastic (nonrecov
erable) compression, also referred to as compression
set. The CCT continuously measured the DCS of the
specimens of material, which in all cases increased
throughout testing. What thickness was not lost to
DCS was recovered each cycle by the elasticity of the
materials or by its rebounding capability, another im
portant characteristic for therapeutic effectiveness. In
this experiment, DCS was affected by the minimum
stress preload, by the slow, between-cycle recovery
characteristic of the composite materials, and by fa
tigue in the material caused by repetitive stress. Test
ing for compression set under these conditions al
lowed us to measure a more realistic maximum
thickness in a working orthosis, as opposed to testing
under static loading only. Poron + Plastazote #2 and
SML had the lowest DCS and remained within 5% of
each other, throughout the course of testing. Overall, a
20% loss in thickness resulting from DCS in PP2
reduced its rebounding thickness from 11.7 mm at 40
cycles to 9.4 mm at 100,000 cycles, while a 50% loss
reduced P12 from 11.2 mm to 5.6 mm (fable 3). This

P12PPMP1PSMLPP2
Cycles

350 kPa of pressure. The pressure-strain curve for
such materials would look similar to P2P, SML, or P1P
at 40 cycles (Figs. 2-6) with minimal additional losses
throughout the course of testing.

Using benchtop testing methods, the therapeutic
effectiveness of each material was compared by ex
amining their stress/strain properties and DCS over
time. At a given pressure, the greater the dynamic
strain (deformation) or the more the material was able
to compress, the more accommodative and therapeu
tically effective the material was considered to be.
Overall, PP2 (Poron + Plastazote #2) performed better
than all other materials tested, followed closely by
SML (Spenco + Microcel Puff Lite) and P1P (Plasta
zote #1 + Poron). Initially PP2 was not as accommo
dative as P1P, but it became and remained moreso
shortly after the initial 1,000 cycles. Spenco + Micro
cel Puff Lite performed closely to PP2 at 40 and
100,000 cycles but wore more rapidly than PP2 be
tween 40 and 10,000 cycles (Figs. 2 and 3). Poron +
Plastazote #2 demonstrated a gradual wear pattern
throughout testing. Plastazote #1 + Plastazote #2 and
PPM, from the outset, showed rapid wear and lower

Dynamic Strain (%)

Fig. 6. Strain of Plastazote #1 + Plastazote #2 (P12) under a 350
kPa cyclical compressive stress through 40; 10,000; and 100,000
cycles.

PP2, Poron + Plastazote #2; SML, Spenco + Microcel Puff Lite;
P1P, Plastazote #1 + Poron; PPM, Plastazote + Poron + Microcel
Puff; P12, Plastazote #1 + Plastazote #2.

Dynamic Strain (%)

Fig. 7. Dynamic compression set of multidensity materials under
cyclical compression. *Thickness of material before any testing.
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TABLE 3
Thickness After Dynamic Compression Set of Multidensity
Materials with 10 kPa Prestress Recorded in the Cyclical

. Compression Tester

Dynamic compression set (mm)
Cycles

PP2 SML P1P PPM P12

New" (12.7) (12.7) (12.7) (12.7) (13.2)
40 11.7 12.2 11.4 10.9 11.2
1,000 11.2 10.9 10.9 9.7 9.4
10,000 10.4 10.4 8.9 7.9 7.1
100,000 9.4 9.7 8.1 7.4 5.6

PP2, Poron + Plastazote #2; SML, Spenco + Microcel Puff Lite;
P1P, Plastazote #1 + Poron; PPM, Plastazote + Poron + Microcel
Puff; P12, Plastazote #1 + Plastazote #2.

a Thickness of material measured with vernier calipers prior to
any cyclical compression.

change in thickness, resulting from the effects of DCS,
corresponds to losses in posting, relieving, and/or
accommodation initially placed in the orthotic.

The results of this study showed that PP2 and SML
had greater dynamic material deformation and lower
DCS than the other materials examined for >100,000
cycles, and in comparison, these are the better multi
density combinations to use as therapeutic orthoses
in footwear for diabetic patients. This study looked at
a limited number of popular combinations of multiden
sity materials. The performance of a composite mate
rial is influenced by the overall thickness and compos
ite thickness ratios. 13

,16 Future studies should look at
different selections of multidensity materials as well as
at their overall thickness and composite thickness
ratios. Additionally, the effects of cyclical shear-com
pression on the tested materials should be further
investigated. Readers should not conclude that these
multidensity materials chosen by a national survey and
examined in this study are necessarily the most effec
tive in reducing stress on the foot.
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Fig. 6. Osteotomy secured with cannulated screw.

an extension rod or something similar, we could not
develop a stable construct. Our loading design of
fers a pattern similar to, but not an absolute recre
ation of, the bending forces seen with weightbear
ing.

We have begun to perform this osteotomy in pa
tients, and have performed approximately one dozen,
to date. In our experience, we have had neither wound
or healing complications nor any nonunions. In one
patient, we did not get an adequate correction, but we
believe this was caused by poor surgical technique
early in our learning curve. We have been placing two
screws longitudinally in the metatarsal shaft perpen
dicular to the plantar shelf.

Mark Earll, M.D.
5009 King Willam Road
Richmond, VA 23225
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ERRATUM
In the article, "Evaluation of Multidensity Orthotic Materials Used in Footwear for Patients with

Diabetes" by James G. Foto, B.S.M.E., C.Ped., and James A. Birke, Ph.D., PT, C.Ped. (1998;19:
836-841, December issue), the sentence on page 839, column 1, line 1, should read, "The pressure
strain curve for such materials would look similar to P2P, SML, or P1Pat 40 cycles (Figs. 2-4) with
minimal additional losses throughout the course of testing." Figure 7, which appeared on the same
page in the lower right-hand column, contained the wrong graph. The correct Figure 7 is reprinted
below:
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