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ABSTRACT

The search for methods to demonstrate and ac-
curately measure contact area and pressure within
human joints has been and remains an active one.
Presenssor is a measuring system developed by
Fuji Photo Film Co., Ltd. and used in medical
applications.

The color intensity fades with time and expo-
sure to light. These changes have not been well
documented despite the increasing use of Fuji film
in biomedical research. These changes in color
intensity provide a source of error in the calcu-
lated measurements. The known variability of the
color density of film exposed to light and air can
be measured and predicted. Methods to control
and improve the accuracy and reliability of study
data are suggested.

Film was exposed to three different amounts
of pressure and placed into one of four subgroups:
exposed to light and taped or not taped, and stored
in the dark and taped or not taped. Fading of the
color density was seen after only a few hours of
exposure to light when the film was left untaped.
When the film was taped, a slight darkening was
seen. For the best accuracy and reliability, the
film should be digitized or analyzed within eight
hours of exposure to pressure.

INTRODUCTION
Medical researchers have searched for and utilized
devices to measure contact area and contact pressure
within joints in the human body for decades. Ideally,
these devices should not impede or change the mea-
surements which they are supposed to observe. Piezo
film, strain gauges, stress paints, and Fuji film are sev-
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eral types of measuring devices, or transducers, that
have been utilized to obtain a better understanding of
the biomechanics of the human body.

During the course of performing biomechani-
cal studies utilizing Fuji film, and in examining old pres-
sure prints, fading and color changes in the Fuji pres-
sure sensitive film were noticed. It was noticed that the
color fades with time and exposure to light. Fading was
reduced by placing transparent tape over the print af-
ter it was exposed to the pressure. However, the rate of
fading has not been documented, and there was a con-
cern that the prints obtained at the beginning of a test-
ing period would fade before they could be digitized or
compared to later prints. Because any changes that oc-
cur in the color of the prints will be a source of error in’
the calculated pressure measurement, it was decided
that a study should be performed to quantify the known
variability in the color density of Fuji film that is ex-
posed to light and air.

METHODS AND MATERIALS

Fuji superlow film was cut into strips of rectangular
pieces approximately five centimeters by two centime-
ters. These strips were exposed to pressurized nitro-
gen for one minute through a chamber with a 1.5 cm
diameter hole. Applied pressure was measured through
another hole in the chamber with a Transmetrics Inc.
(Solon, Ohio) pressure transducer. Through a series of
valves, the test pressure inside the chamber was in-
creased. Then, the pressure inside the valve was purged.
While the pressure coming from the nitrogen tank was
kept constant, the transducer was inserted into the
chamber and the valve to the nitrogen tank was re-
opened to expose the transducer to the desired pres-
sure. Each strip had one of three pressures applied. The
three pressures used [51, 130, and 284 psi, (3.6, 9.2,
and 19.9 kgf/cm? ] approximate the range of Fuji
superlow film (5-25 kgf/cm? or 71-355 psi). Although a
pressure of fifty-one psi is below the threshold of the
super low film, there was a definite observation of color
on the film in this pressure range and this lower appli-
cation of force was investigated.

After the transducers were exposed to one of three
pressures, the “A” film was carefully removed and the
resulting “C” film (with the red or orange coloration)
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was placed into one of two main groups. The transducer
was either covered with Lepage’s invisible tape (Pitts-
burgh, PA) or left exposed to air. Some pieces were
placed in a folder and stored in a closed cabinet (in the
dark), while others were placed on top of a cabinet (ex-
posed to fluorescent light for nine hours, an average
week day, and then left in the dark).

The pieces of film were placed into one of four sub-
groups: exposed to light and taped (LT); exposed to
light and not taped (LN); stored in the dark and taped
(DT); and stored in the dark and not taped (DN). Each
subgroup consisted of three pieces of film: one exposed
to 51 psi, one exposed to 130 psi, and one exposed to
284 psi. With the use of a video camera, light stand,
personal computer, and videodigitizing board, each
piece of film was videodigitized and stored as a graph-
ics image. Care was taken to maintain adequate and
constant lighting and eliminate shadows on the image.

A Better Basic program was used to analyze the digi-
tized images. The program calculated the average gray
level in each of the pieces of film and stored the results
for later statistical analysis!*'2. In the first part of the
experiment, the sets from each group were
videodigitized immediately, after three hours, and one,
two, three, four, five, six, seven and fourteen days after
the film was exposed to the pressures.

There was an identifiable difference in gray levels of
the film immediately after exposure compared to one
day later. There was no difference in gray level between
the film analyzed immediately and those analyzed after
three hours. Therefore, in order to gain information
after three and before twenty-four hours of exposure, a
second experiment was conducted. Twenty pieces of
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DN Figure 1. Gray level of Fuji film exposed to
pr— DT 130 psi over time for four conditions: exposed
to light and taped (LT), exposed to light and

not taped (LN), stored in dark and taped (DT),
and stored in dark and not taped (DN).
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film were exposed to 150 psi (10.6 kgf/cm?) for one
minute and divided into the same four groups: exposed
to light and taped (LT), exposed to light and not taped
(LN), stored in dark and taped (DT), and stored in dark
and not taped (DN). Additionally, a piece of tape over
white paper was also included with the film to see if the
tape alone darkened over time. The pieces of film and
tape over white paper were digitized hourly for nine
hours and then daily for the following seven days. Again,
the digitized images were analyzed using a Better Ba-
sic program.

The data were analyzed using a General Linear
Model (GLM) procedure (three way ANOVA) to check
for differences among the parameters with gray level
as the dependent variable and time as the independent
variable. A pvalue < 0.01 was considered significant.
The statistical analysis also included a linear approxi-
mation of the gray level for each of the four groups and
yielded estimates for the slopes and y intercepts.

RESULTS

During the first part of the experiment, preliminary
statistical analysis was performed to determine if there
were any significant early changes in the film. The ini-
tial results showed significant changes (p < .01) in the
film exposed to 130 psi when exposed to light (Figure
1). Film that was not taped, faded (the gray level in-
creased) after twenty-four hours of exposure to light
and the film covered with tape actually got darker with
time (the gray level decreased). This darkening effect
was strongest in the 130 psi exposed film. Figures 2
and 3 show light effects on the film exposed to 284 and
51 psi, and confirm the results seen in the film exposed
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Because the first part of the study showed effects of
light on the film after one day, and the greatest change
was on the film exposed to 130 psi, an additional study
was undertaken to determine how long, in hours, the
film could be exposed to light without fading. Figure 4
shows a graph of the average gray level of the pieces of
film exposed to 150 psi during the first eight hours of
exposure and then daily for seven more days.

A study of the effects of a white piece of paper placed
into the same categories as the Fuji film is shown in
Figure 5. Although the outlying points are significantly
different from the starting point, the maximum change
in gray level is less than one percent of the total gray
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Figure 2. Gray level of Fuji film exposed to
284 psi over time for four conditions: exposed
to light and taped (LT), exposed to light and
not taped (LN), stored in dark and taped (DT),
and stored in dark and not taped (DN).

Figure 3. Gray level of Fuji film exposed to
51 psi over time for four conditions: exposed
to light and taped (LT), exposed to light and
not taped (LN), stored in dark and taped (DT),
and stored in dark and not taped (DN).

level number range. Thus, independent of the light fac-
tor, all of the taped pieces of film in the low to medium
pressure range showed a darkening trend after eight
hours of exposure. There was no darkening trend in
the tape alone on white paper, implying that the tape
did not have a chemical effect on the Fuji film. Tests
for the homogeneity of slopes in lines shown in Fig-
ures 1 through 3 indicated that the lines did not have
similar slopes with the LN slope being more positive
and the DN, DT, and LT slopes being more negative
(Table 1).

DISCUSSION
Piezo film, strain gauges, and stress paint or
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photoelastic material have been used to measure con-
tact and pressure. These transducers, however, have
limitations within the human body. Piezo film will only
measure dynamic forces and cannot be used for static
load applications. Strain gauges may alter the proper-
ties of the bone-gauge interface and will only display
stress at one point on the surface studied!’. Stress paints
may also alter the properties of the bone-gauge inter-
face and can be associated with expensive equipment.

Presenssor is a pressure measuring sheet system
which has been developed by Fuji Photo Film Co., Ltd.
It has been available since April, 1977 and was devel-

oped in response to industries’ need for pressure mea-
surement. It is used in hydraulic presses, in the manu-
facturing of flanges, and most extensively in the gasket
industry to detect leakage of oil*. It is also used in in-
dustry to measure forces between pressed surfaces® in
engines, gear teeth, roll contact areas in paper mills*
and printers, and various other static and dynamic ap-
plications. More recently, Prescale has been used in
medical applications5891112,

Prescale, or Fuji pressure sensitive film (C.Itoh, New
York, N.Y.), is a type of pressure transducer. It consists
of two pieces of film (A and C film) that when placed
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TABLE 1
Condition Slope (Gray level/Time)
51 psi 130 psi 284 psi tape 150 psi
DN -0.449 -0.092 -0.055 +0.011 -0.053
DT -3.033 -2.256 -0.069 +0.023 -0.165
LN +1.661 +9.903 +11.19 +0.003 +0.759
LT -1.570 -1.726 0.624 +0.017 +0.122

together can detect pressure. The A film is coated with
randomly distributed microspheres that burst under
various predetermined pressures. The C film is a de-
veloper that turns red when it comes into contact with
the dye in the microspheres on the A film. Fuji A film
comes in four pressure ranges, super low (5-25 kgf/
cm?, 71-355 PSI), low (25-100 kgf/cm?, 355- 1420 PSI),
medium (100-500 kgf/cm?, 1420-7102 PSI), and high
(500-1300 kgf/cm?, 7102-18466 PSI). Fuji C film is com-
patible with any of the A films.

Fuji film is advantageous because the resulting trans-
ducer consisting of A and C film is thin, measuring .2
mm, thus being less invasive within a human joint than
other measurement techniques such as strain gauges*”’,
rubber transducers?® or miniature load cells . It also has
an immediate observable force distribution pattern that
is quantifiable. The manufacturer specified limits of ac-
curacy are plus or minus 10 percent, using their densi-
tometer (Fuji Prescale film instruction manual). How-
ever, Singerman et al.® was not able to obtain this
amount of accuracy . The company also states that the
film requires no preparation for use, simply cut the film
into the required shape. This process is not so simple
when the shapes required are complex, like in a joint
of the body. The “cutting” process has become a major
portion of the experimental preparation time in the labo-
ratory because the film can only be used once, and a
new transducer must be fabricated for each load or test.
In addition, the film must remain dry. Any contact with
liquids or chemicals will distort the color intensity and
measurement of force. Thus, for use in human joints,
the film must be sealed.

Experiments in this laboratory, on cadaver speci-
mens, have utilized a custom made die (Kasper Die and
Tool, Shiner, TX) to cut the A and C film to match the
surface contour of the joint. Each transducer was de-
signed with a “tail” that extended beyond the joint and
served as a place to staple the film together, as a
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“handle”, and as a place to create a physical reference
mark!*2 | Then the transducer was taped with a low
adhesive type of masking tape to seal the transducer
during joint testing. This, along with cutting each side
of the film, A and C, is very time consuming.

Fuji film has been determined to be an accurate and
reliable method for determining contact areas and
stresses within human joints'’. Because the measure-
ment testing in human joints can span several days, it
is important to consider the effects of light exposure
on the film. The most prominent trend is the progres-
sive fading (increase in gray level or reduction of red
coloration on the film) of the dots exposed to light and
not taped. This trend is present throughout the pres-
sure range of the film and can, therefore, alter the mea-
surement of pressure. The film must be prepared cor-
rectly and several factors including temperature,
humidity, rate of loading, curvature of loaded surfaces,
and shear stresses must be considered because they
may also alter the color intensity measured by the Fuji
film.

Fading of the color density was seen after only a few
hours of exposure to light when the Fuji film was left
untaped. When the film was taped, the tape caused a
slight darkening of the color on the film as time passed.
Thus, for the best accuracy and reliability, the Fuji film
should be digitized or analyzed within 8 hours of expo-
sure to pressure.

One other solution to minimizing error is to create
calibration prints along with the pressure measure-
ments. These calibration prints can be analyzed along
with the pressure prints because they will fade at the
same rate as the pressure prints, and more reliable re-
sults can then be recorded.
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