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Introduction 
The conservative management of many 

common foot disorders involves the pre
scription of shoe inserts. Boulton 1 showed 
that neuropathic diabetic patients with a his
tory of foot ulceration have abnormally high 
pressures, as high as 20-30 kglcm2, under the 
forefoot during walking. These patients are 
at risk of recurrent ulceration because of im
paired pain and joint position sensation and 
increased pressures under the metatarsal 
heads. Broadley2 considers rheumatoid ar
thritis as a model for hallux valgus, hammer 
toes, flattening of the longitudinal arch, pro
nation of the hind foot, metatarsalgia, 
thinned skin, and thinned subcutaneous tis
sues. Patil3 studied leprotic feet in Hansen's 
disease where loss of sensation and muscle 
paralysis can lead to physical deformity and 
irreversible nerve damage. Excessively high 
pressure on the leprotic foot for prolonged 
periods causes mechanical damage to skin 
and soft tissues without the patient's knowl
edge . Patil showed that the feet of leprosy 
patients exhibit pressures two to three times 
the pressures found under normal feet (9.2-
11.2 kg/cm2).3 

Possible solutions to the foot problems of 
these and other types of patients include cus
tom designed shoes and/or inserts. The in
serts can be custom molded or soft unmolded 
insoles made from Plastazote® or Spenco® 

cut in the shape of the standard sock liner 
insert. The custom molded inserts generally 
incorporate force redistributing features. 4•5•6 

Attempts to reduce excessive plantar pres
sure have produced a wide variety of shoe 
inserts which are placed between the shoe 
insole and the plantar surface of the foot. 

Due to the great number of materials and 
designs for inserts available, there is a need 
for a clinical method of determining which 
patients require orthotic inserts and a rea
sonably simple and objective method of de
termining the effectiveness of a given ortho
sis in reducing pressure. Further, because 
patients' feet change as well as their inserts, 
a simple and objective method is needed to 
assess insert efficiency after being worn by 
the patient for a given period of time . 

Interest in both a qualitative and quantita
tive understanding of pressures on the plan
tar surface of the foot has inspired many 
insightful techni~ues of measuring the pres
sures. Beyerlein devised an array of rubber 
pyramids which produced an image that was 
transmitted to a viewing screen by fiber op
tics. Guth!:! measured pressure distribution 
from an array of spring loaded pins whose 
movements were processed by a computer. 
Stokes!! placed 12 beams on each of two 
strain gauge force transducers on a platform 
mounted on a plate in a walkway. Hennig lO 

serially connected capacitance force trans-
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Figure 1. Separate pieces of Fuji A-film and C-fiIm. 

ducers and light emitting diodes, whose light 
density depended on the force-dependent 
impedance of the capacitors. Shipley ll.12 

used the "Harris" footprint mat to record 
plantar pressures. In general, existing meth
ods of measuring pressure are costly, time 
consuming;, or cannot be performed within 
the shoe. 0,14.15 

C. Itoh & Company (America), Inc. has 
developed Fuji Prescale Film for direct ob
servation of the pressure distribution be
tween two surfaces (such as the shoe insole 
and the plantar surface of the foot). The 
pressure is determined by comparing the 
shade of red on the film with a color chart 
calibrated for pressure. One application of 
pressure to the film will produce the same 
shade of red as multiple applications. There 
are four grades of film which allow pressures 
to be measured from 5-700 kg/cm.2•16 A pre
vious attempt to evaluate Fuji Prescale Film 
was made by Aritomi, et a!. 7 In this study, 
subjects being evaluated stood on a mat con
taining 5/32" diameter ball bearings under 
which were placed the prescale film. The 
developed film was an array of red dots with 

varying intensity which were transformed 
into isopressure contours via computer to
pography. Then the authors attempted to 
correlate the results of x-ray examinations 
with the isopressure charts. Although this 
study confirmed the diagnostic properties of 
the prescale film with experimental correla
tions, it did not demonstrate its clinical use
fulness. It is the purpose of this study to 
evaluate the feasibility of using Fuji Prescale 
Film as a means of clinically assessing plantar 
pressure in a controlled group of subjects 
representative of the vast population of pa
tients for whom inserts are prescribed. 

Method 
Ten patients, eight females and two males, 

who had complained of foot pain or had cal
luses on their metatarsal heads were selected 
as subjects for this study. They ranged in age 
from 23 to 51 years and in weight from 135 to 
215 pounds. The patients were diagnosed as 
having metatarsalgia or pes cavus, and shoe 
inserts had been prescribed to relieve their 
pain. Impressions were taken of the subjects' 
feet and the casts were modified by building 
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Figure 2. Circle on first metatarsal head. 

up the metatarsal head area. Custom cork/ 
Spenco® inserts were fabricated by vacuum 
forming thermo-cork and lining with 
Spenco® as a sock liner. A second insert, 
non-molded Plastazote®, was made by cut
ting pieces of 114" thick Plastazote® to fit into 
the patients' shoes. 

Fuji Prescale Film was placed in each pa
tient's shoe so that it was compressed by the 
metatarsal heads as the subject walked. The 
Fuji pressure sensitive film consists of two 
sheets, a color forming sheet (A-film) and a 
color reactive sheet (C-film). The C-film is a 
common grade, having an applicable pres
sure range of 5-700 kg/cm2, while the A-film 
is available in four grades: super pressure 
(70-250 kg/cm2

; and high pressure (250-700 
kg/cm2). Only the super low and low pres
sure grades were used in this study. 

Separate pieces of Fuji A-film and C-film 
were cut into matching rectangular strips (1 x 
3 inches) and joined together by taping all 

sides (Figure 1). This sandwiching ensured 
that the appropriate reaction would occur 
during weight-bearing. The first metatarsal 
head was palpated and marked on the plan
tar surface with a circle in order to assure 
proper placement of the film patch (Figure 
2). The rectangular film patch was taped to 
the subject's foot to keep it in place (Figure 
3). A shoe was placed on the subject's foot 
and the subject walked 30 steps without the 
shoe insert. The first film patch was removed 
and the shade of red produced was compared 
to the color-pressure chart and associated 
pressure recorded. A second patch was ap
plied; the subject walked 30 steps with the 
Cork/Spenco® insert, then this patch was re
moved and read. Finally, a third film patch 
was applied; the subject walked 30 steps with 
the 114" thick Plastazote® insert; and this 
patch was removed and read. All subjects 
wore athletic shoes. In each trial, the film 
pressure reading was taken 20 minutes after 
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Figure 3. Rectangular film patch taped to subject's foot. 

exposure as indicated in the instruction man
ual for the Fuji film. 16 

The circle from the metatarsal head was 
transferred to the film and the darkest area 
within this circle was recorded. The pressure 
distribution is readily observable by the col
or density pattern formed on the C-film. For 
super low pressure Fuji Prescale Film there 
are six shades of red which can be related to 
pressure (Figure 4). For the low pressure film 
there are seven shades (Figure 5). The clini
cian selects which color sample on the chart 
matches the color on the film, a horizontal 
line is projected from the color sample se
lected to the curve, and then a line is project
ed vertically downward where the associated 
pressure is read. A 15% to 20% experimen
tal error results from not knowing where on 
the color sample box to project horizontally 
to the curve. However, after a few film 

patches were compressed, it was observed 
that the shade of red on the film patch ex
posed did not match any of the color samples 
on the chart, i.e., the exposed film color was 
darker than one sample and lighter than the 
adjacent sample. Therefore, each color sam
ple box on the chart was divided into an 
upper half and a lower half. The upper half 
of the box was selected if the exposed film 
was slightly darker than the color in the box 
and the lower half was selected if the ex
posed film was slightly lighter. The color 
samples on the super low and low pressure 
charts were divided in half and the corre
sponding pressures tabulated (Table 1). The 
width of each half box represents the range 
for each reading and was determined graphi
cally by projecting horizontally from the top, 
middle, and bottom of each color sample box 
on the two pressure charts. 
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Time to reach the pressure to be measured : 2 min. 
Time of retention at the pressure to be measured: 2 min. 
Temperature : 23°C 
Humidity : 65% RH 
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I Example I 
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PRESSURE (kgf/cm2) 

If the measured color density is 0.68, the corresponding pressure is 
determied as about 10 kgf/cm2 on the red lirie (standard) in the shaded area. 

Figure 4. Super low pressure type pressure chart. 

Results 
The results of evaluating the ten subjects 

with no orthosis, a cork/Spenco® shoe insert, 
and an unmolded Plastazote® insert are 
shown in Table 2. The mean pressures (± 
standard deviation) for the ten subjects were 
34.2 (±2.4) kg/cm2, 15.9 (±1.2) kg/cm2, 
and 16.5 (± 1.2) kg/cm2 for no orthosis, 

cork/Spenco®, and Plastazote®, respec
tively. Generally, each of the shoe inserts 
resulted in less pressure on the metatarsal 
heads than was the case with no orthosis 
(p7/!!.05) . However, the difference between 
pressures measured with custom molded 
cork/Spenco® insert versus the unmolded 
Plastazote® was not significant, 15.9( ± 1.2) 
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COLOR SAMPLE 
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Time to reach the pressure to be measured : 2 min. 
Time of retention at the flressure to be measured: 2 min. 
Temperature : 23°C 
Humidity : 65% RH 
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) 

I Example I 
If the measured color density Is 1.09, the corresponding pressure is 
determined as about 60 kgf/cm2 on the red line (standard) in the shaded 
area. 

Figure 5. Low pressure type pressure chart. 

versus 16.5( ± 1.2) kg/cm2. The percent 
reduction in pressure for each of the 
two inserts was computed and again 

the difference was not significant 
(Table 3): 53.2( ±4.70) versus 51.1( ±6.13) 
percent. 
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COLOR BLOCK SAMPLE PRESSURE (± RANGE) IN KG/CM2 

(MOST DENSE TO SUPER LOW PRESSURE LOW PRESSURE 
LEAST DENSE) FILM FILM 

1. Upper Half Use Low Pressure Film Use Med. Pres. Film 
Lower Half Use Low Pressure Film Use Med. Pres. Film 

2. Upper Half 20.9 (±1.9) 
Lower Half 17.3 {±1.6} 

3. Upper Half 13.8 (±1.2) 
Lower Half 11.7 (±0.9) 

4. Upper Half 9.5 (±0.5) 
Lower Half 8.4 (±0.6) 

5. Upper Half 6.9 (±0.4) 
Lower Half 6.0 (±0.5) 

6. Upper Half 4.8 (±0.4) 
Lower Half 3.9 (±0.4) 

7. Upper Half Not Useable 
Lower Half Not Useable 

Table 1. Color Chart Interpretation. 

Discussion 
Previous clinical experience with custom 

molded cork/Spenco® and unmolded Plasta
zote® shoe inserts confirms the results ob
tained with the Fuji Prescale Film. That is, 
either of these inserts is better than no ortho
sis for relief of metatarsal head pressure. 
However, previous clinical experience sup
ports the use of custom molded cork/ 
Spenco® versus unmolded Plastazote® in
serts. This was not demonstrated by the Fuji 
Prescale Film and the color chart calibration 
method of determining pressure. 

Perhaps the shades of red were too subtle 
to be differentiated visually on the color 
charts? Fuji (C. Itoh & CO.)16 has available 
an electronic densitometer which reportedly 
can resolve closer shades of red. 

The color sample boxes along the ordinate 
of the calibration curves exceeded the usable 
limits of the curve. For example, on the su
per low and low pressure film chart, the most 
and least dense color boxes could not be 
used because horizontal projections with the 
curve did not exist. 

78 (±6) 
70 {±8} 

56 {±4} 
49 (±3) 

42 (±2) 
38 {±2} 

32.5 (±1.5) 
29.5 (±1.5) 

25.5 (±1.5) 
22.5 (±1.5) 

Use Super Low 
Pressure Film 

The charts indicate that the pressure to be 
measured must be applied for at least two 
minutes. However, this was not considered 
practical and the subjects were asked to take 
30 steps instead. The error associated with 
the variation is unknown. Early experimen
tation with small samples of the film indicat
ed that the time integral related to pressure 
being applied for 30 steps was not percepti
bly different from pressure being applied for 
two minutes or longer. 

It is estimated that in a clinical setting, at 
least three film samples will be required per 
foot. One sample will be required with no 
orthosis to establish the need for the insert, 
one with the insert in the shoe to verify its 
efficacy, and one several months later as fol
low-up. The cost for the three film samples, 
at present levels, may preclude its useful
ness. It is estimated that approximately 10 
minutes is required by the practitioner at 
each plantar pressure sampling. 

Small rectangular patches and color charts 
were used in this pilot study because the film 
and densitometer costs exceeded the limited 
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PRESSURE (±RANGE) IN KG/CM2 

NO MOLDED UNMOLDED 
SHOE CORKISPENCO® PLASTAZOTE® 

SUBJECT INSERT SHOE INSERT SHOE INSERT 

1. 49(±3) 25.5(±1.5) 22.5(±1.5) 

2. 20.9(± 1.9) 9.5(± .5) 9.5(±.5) 

3. 20.9(±1.9) 8,4(±.6) 8,4{ ± .6) 

4. 17.3{±1 .6) 8,4{± .6) 9.5{±.5) 

5. 17.3{ ± 1.6) 8,4±.6) 9.5{±.5) 

6. 49(±3) 20.9{±1 .9) 22.5{±1.5) 

7. 49{±3) 20.9{±1.9) 27.8{±2.8) 

8. 49{±3) 22.5{± 1.5) 20.9{± 1.9) 

9. 49{±3) 22.5{±1.5) 22.5(±1.5) 

10. 20.9(±.19) 11.7{±.9) 11.7{±.9) 

MEAN{±Std. Dev.) 34.2(±2,4) 15.9( ± 1.2) 16.5{± 1.2) 

Table 2. Metatarsal Head Pressures - Color Chart Interpretation. 

PRESSURE (± RANGE) IN KG/CM2 

MOLDED UNMOLDED 
CORKISPENCO® PLASTAZOTE® 

SUBJECT SHOE INSERT SHOE INSERT 

1. 48.0 54.1 
2. 54.5 54.5 
3. 59.8 59.8 
4. 51,4 45.0 
5. 51,4 45.0 
6. 57.3 54.1 
7. 57.3 43.3 
8. 54.1 57.3 
9. 54.1 54.1 

10. 44.0 44.0 

MEAN(±Std. Dev.) 53.2{ ± 4.70) 51.1 ±(6.13) 

Table 3. Percent Reduction In Pressure. 
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funds available for the study. A full scale 
clinical study needs to be conducted using a 
Fuji densitometer and Fuji Prescale Film 
samples which match the entire insole area 
of the subjects' shoes. 
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