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Investigations into the Fat Pads of the Sole of the Foot: Heel Pressure
Studies

Melvin H. Jahss, M.D." Frederick Kummer, Ph.D.,t and James D. Michelson, M.D.+
New York, New York and Baltimore, Maryland

ABSTRACT
The fat pads of the heel have a structure that is optimized
for load bearing. In various diseases and aging, the load·
carrying ability of the heel pad is clinically impaired. The
loading pattern was examined in subjects having normal
heel pads and those with atrophic heel pads, both with
and without clinical symptoms. Normal heel pads showed
a broad region of high pressure, which accounted for a
high percentage of the total load transmission. In contrast,
the atrophic heels showed a high but narrow peak pres-
sure. However, most of the load was transmitted over a
large area of low pressure. There was no difference be-
tween symptomatic and asymptomatic heels.
The mechanical behavior of the fat pad is discussed

with particular reference to the anatomic structure of the
pads. Pad thickness and septal integrity are both impor-
tant to the mechanical characteristics of the fat pad. The
load-bearing patterns observed are discussed in terms of
the mechanical components influencing fat pad resilience.
These results have direct relevance to understanding the
pathophysiology of heel pain secondary to degeneration
of the fat pad.

INTRODUCTION

The fat pads of the sole of the foot are uniquely
specialized to permit pain-free weight-bearing in the
course of normal activities. Previous investigations into
the structure of the fat pads demonstrated a honey-
combed pattern of fibroelastic septa which completely
enclose fat qlobules." It has been suggested that the
closed cell structure of the fat pads serves to provide
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the mechanical integrity for its shock-absorbing func-
tion. This is consistent with the observation that degen-
erated fat pads tend to have an abnormal septal pat-
tern."
In an effort to further define the structure function

relationship of the fat pads, testing of the load distri-
bution of in situ human fat pads was undertaken.

MATERIALS AND METHODS

Ten heels of patients and normal volunteers were
studied. Three types of heel pad were discernable on
clinicalexamination. Normal pads were moderately firm,
terse, and not pliable, yielding little side to side motion
on palpation. The moderately atrophic heels were thin-
ner, more closely attached to the calcaneus, and less
dense and, upon pressure, the underlying bone could
be palpated more readily. These were referred to as
floppy heels in this study. The severely atrophic heel
pads were very thin and overlie prominent, often painful,
calcanei. Of the 10 heels examined, four were normal,
two were floppy, and four were severely atrophic. One
of the floppy and two of the atrophic heels were clini-
cally painful.
The distribution of pressures was determined using

pressure-sensitive Fuji film (Fuji Photo Film Co., Ltd.,
Tokyo, Japan) with a calibrated Harris-type mat. The
Harris-type mat is placed on top of the Fuji film with the
smooth side up and the side with the small cones facing
the film, When a load is applied to the mat, the size of
the dots produced on the Fuji film increases as the load
increases. The mat is accompanied by a calibration
curve that relates the size of the dots produced to the
local load (in kilograms). The cones are spaced 5 mm
apart (peak to peak) in a rectangular pattern. The test
apparatus, consisting of a flat metal standing plate, the
assembled Fuji film, and the pressure mat, was placed
on the floor with the mat uppermost. The mat cones
were aligned parallel to the anteroposterior and medi-
olateral axes of the foot.
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Heel pad pressures were obtained by carefully step-
ping on the mat using one heel only. The one-legged
stance was maintained for 5 sec while lightly balancing
on rails to either side. To ensure that all bodyweight
was being transmitted through the heel, the forefoot
was dorsiflexed sufficiently to not contact the mat. In
cases in which specified loads were placed on the heel,
the entire apparatus was placed on a calibrated scale.
The subject would press their heel down onto the mat
at the desired load, as measured by the simultaneous
readings from the scale. The loads tested in this way
was 50 lbs, 100 Ibs, 150 tos, and 200 Ibs. Any trial in
which there was unsteadiness or imprecision of the
applied load was discarded. Each trial run was repeated
at least twice.
For each heel tested, a profile of the pressure pattern

was constructed graphically along both the mediolateral
(ML) and anteroposterior (AP) axes. For comparison
between different heels, the ML and AP dimensions
were normalized to the corresponding distances over
which contact pressure could be detected. The result-
ing values for the ML and AP distances for a given
pressure were expressed as the percentage of heel
contact width and length, respectively. For each heel
test condition, the actual pressure measurements were
divided by the peak pressure measured for that test
run. The pressures thus obtained were expressed as
percentage of the peak pressure for that heel test
condition and could be compared to other heels.
Estimates of total heel contact area were obtained

by assuming the pressure distribution over the heel
was an ellipse with axes in the ML and AP directions
that were centered over the pressure peak. The dis-
tance along each axis from the peak pressure to the
pressure of interest was measured and used to calcu-
late the area of the ellipse. The pressure pattern of
each heel was further categorized by establishing four
pressure categories defined by concentric ellipses.
These were: high peak pressure), high-medium
(50% to 74% peak pressure), low-medium (25% to
49% peak pressure), and low and :524% of peak
pressure). The force (in kilograms) transmitted through
a given area of heel was calculated by the formula:

Force = Pressure x Area

where the pressure is the average pressure in the area.
The total force exerted on the heel is the sum of the
forces of the four categories. This method was vali-
dated by the close agreement between the calculated
heel force and the applied load for each heel.
Statistical comparisons were performed by one-way

analysis of variance. Since initial analysis indicated no
significant differences between symptomatic and
asymptomatic heels within each clinical group (i.e.,

RESULTS
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Fig. 1. These are examples of the pressure-dot patterns produced
by the Fuji film under the various test conditions. The pressure
patterns are produced by A, B, two normal heels, C, an atrophic heel,
and D, a floppy heel, all at full weightbearing. Higher pressures are
seen as larger dots. The typical sharp pressure peak in the floppy
heel and especially in the atrophic heel is seen. Note the widening of
the heel pad in the floppy heel, as opposed to the smaller contact
area of the atrophic heel. The pressure peak is posterior or postero-
medial for all heels.
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normal, floppy, and atrophic), the results were pooled
for each group in subsequent comparisons.

Pressure Profile of Load-Bearing Heels

The typical pressure patterns for the three different
types of heels are shown in Figure 1 (anterior is at the
top, medial to the right). The wider dots correspond to
greater pressure exerted on the Fuji film via the Harris-
type mat. The normal heels (Fig. 1, A and B) demon-
strated a broad area over which there was high pres-
sure transmitted through the heel pad, with the peak
pressure located posterior and medial. The floppy heel
pad (Fig. 1D) showed a broader overall area of contact,
although most of it was in low pressure regions. The
atrophic heel (Fig. 1C), however, exhibited a smaller
contact area with a very sharp peak pressure that was
quite high (note the very large dots produced).

JAHSS ET AL.228
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TABLE 2
Comparison between Heel Pads of the Mediolateral and

Anterioposterior Distances with Pressures More than 75% of the
Peak Pressure'

recorded for each heel test condition was calculated.
By normalizing the pressures on each heel by its own
peak pressure under the test conditions, one can com-
pare the pressure profiles of the different heels under
various loads.
The results of this analysis are shown in Table 2. For

the normal heels, the mediolateral high pressure plateau
was found to be 46.2% of the total heel contact width.
Both the floppy heels and the atrophic heels had signif-
icantly narrower high pressure widths (31.4% and
33.6%, respectively, P < .01). In the anteroposterior
direction, the normal heels had a high pressure plateau
measuring 36.5% of the total contact length. This was
not much different than that seen for the atrophic heels
(31.9%), but was significantly larger than the high pres-
sure plateau length of the floppy heels (22.8%).
The manner in which the normal and abnormal heels

transmitted force was found to be quite different. In
Figure 2, A and B, the total force transmitted through
the heel is separated into the fractions that are carried
through the four different heel pressure regions. The
total force for each heel is normalized to 100% to permit
comparison between heels experiencing different loads.
Since the force transmitted equals pressure x area, a
large amount of force could be transmitted through a
relatively small area of high pressure or by a large area
of lower pressure. The normal heels (Fig. 2A) were
found to conform to the first scenario. Over 30% of the
total force on the normal heels was transmitted through
high pressure regions, i.e., >75% of the peak pressure.

Foot&Ankle/Vol. 13, No. 5/June 1992

The normal, asymptomatic heels exhibited a broad
high-pressure plateau around the peak. The floppy
heels were marked by a peak pressure roughly equiv-
alent to the normal heel, but surrounded by a more
rapid decrease in pressure laterally and posteriorly.
These heels had a relatively large area of low pressure.
It was observed that there was an unavoidable, small
amount of weightbearing anterior to the heel pad in the
floppy heels due to the redundancy of the soft tissues.
This probably accounts for why the peak pressure was
not a bit higher. The atrophic heels demonstrated the
highest peak pressures, with a very sharp falloff in the
surrounding pressures. Normalizing the data to account
for the load applied to the heels did not change these
qualitative observations.

Quantification of Load-Bearing Pattern

A comparison of the ML and AP dimensions of the
contact area for the three types of heels is shown in
Table 1. In the mediolateral direction, we found the
floppy heel contact width to be about 0.5 cm wider
than either the normal or atrophic heels (P < .001). In
the anteroposterior direction, the contact length for the
floppy heel was 1.3 cm greater than that for the normal
heels (P < .001), whereas the atrophic heel contact
length was 0.5 cm shorter than that for the normal
heels (P < .02). The contact areas were not altered by
varying the loading between 50 and 200 Ibs.
In order to estimate the high pressure area of each

heel, the length and width over which the pressure
measured was more than 75% of the highest pressure

TABLE 1
Dimensions of Load-Bearing Heels'

HEEL PRESSURE STUDIES 229

Heel typeb Mediolateral Anterioposterior
axis" axis Heel typeb Mediolateral

axis
Anterioposterior

axis

Normal
Floppy
Atrophic

5.4 ± 0.3
5.9 ± 0.3d
5.2 ± 0.3"

6.4 ± 0.6
7.9 ± 0.6
5.9 ± 0.58 ,1

Normal 46.2 ± 9.9 36.5 ± 6.7
Floppy 31.4 ± 7.4c 22.8 ± 8.1c
Atrophic 33.6 ± 13.7d 31.9 ± 11.1

"Values are expressed as centimeters ± SO.
b Heels were assigned to one of three clinical categories. The

normal heels were asymptomatic with no history of significant trauma.
The floppy heels had a slightly decreased amount of fat, but demon-
strated increased mobility compared with the normal heels. The
atrophic heels had marked diminution of pad substance. Roughly half
of the floppy and atrophic heels were accompanied by clinically
relevant pain.

C Each heel pad pressure pattern was measured in reference to a
coordinate system using axes pointing in the mediolateral direction
and anterioposterior direction (see "Materials and Methods" for de-
tails). The distance over which heel contact pressure could be de-
tected was measured along each axis for each heel. The distance
values (±SO) are in centimeters.

d p < .001 compared with the normal heels.
"P < .001 compared with the floppy heels.
t P < .02 compared with the normal heels.

8 For comparison between different heels, the mediolateral and
anteroposterior dimensions were scaled to the corresponding dis-
tances over which contact pressure could be detected. The absolute
distances along each axis to the pressure of interest (in this case,
75% of the peak pressure for each heel) was divided by the total
mediolateral width or AP length to yield the percentage of the medi-
olateral width or AP length experiencing pressure at or above the
pressure of interest.

b Heels were assigned to one of three clinical categories. The
normal heels were asymptomatic with no history of significant trauma.
The floppy heels had a slightly decreased amount of fat, but demon-
strated increased mobility compared with the normal heels. The
atrophic heels had marked diminution of pad substance. Roughly half
of the floppy and atrophic heels were accompanied by clinically
relevant pain.

c P < .001 compared with the normal heels.
d P < .01 compared with the normal heels.
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Figure 2B because they both exhibited the same be-
havior.
Although the atrophic heels had high peak pressures,

the peak was so narrow that the total force (pressure
x area) transmitted through the high pressure region
was relatively small. These data indicate that the normal
heel can sustain high pressures over a large area,
whereas the abnormal heels cannot support high pres-
sures over as great an area. The floppy and atrophic
heels compensate for this by transmitting most of the
force through a large area of lower pressure.

HEEL PAD BIOMECHNANICS

Most studies of the pathomechanics of the heel fat
pad have focused on shock absorption. Various struc-
tural parameters of the heel pad have been quantified
and correlated with clinical findings. Jerqenserr'
showed a correlation in the compressibility of the fat
pad, as determined by the ratio between pad thick-
nesses in weightbearing and nonweightbearing x-rays
with achillodynia. Jerqensen and co-workers performed
later work to quantify further shock absorbency by drop
tests" and by an instrumented piston." Robbins et at.'
used a spring-loaded penetrometer for static tests.'
They examined the load deflection behavior of the fat
pad and the effects of the skin on heel pad mechanics.
The heel pad's mechanical behavior was found to be
nonlinear; the amount of compressibility rapidly de-
creases as a function of load. An intact skin surface
and its adequate tethering to underlying bone were
necessary to achieve optimal mechanical properties of
the heel pad ensemble.
Those factors influencing mechanical behavior that

have been identified are the size, location, and integrity
of the fat trabecular structure or septae, the thickness
of the fat pad, amount of mechanical constraint (in
particular. the skin layer), and, possibly, the constitu-
ents of the fat itself, as seen in aging degeneration.
Mechanical modeling and laboratory tests of other skin-
fat systems have shown that another major factor
influencing time-dependent behavior is fluid flow within
the fat layer.6 Fluid flow in the heel pad is limited by its
septated connquratton.':"
The structure of the septae is designed to resist

compressive loads. They are U-shaped or comma-
shaped fat-filled columns arrayed in a basically vertical
onentation." The septae are reinforced internally with
elastic transverse and diagonal fibers that connect the
thicker walls and separate the fat into compartments
or cells. They are fixed superiorly to bone or other
septae and inferiorly to other septae or to a thick,
fibrous, subdermal layer termed the internal "heel cup."
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LOW MEDIUM HIGH

PRESSURE REGION OF HEEL

LOW

LOW

NORMAliZED HEEL FORCES FOR
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For the normal heels, the higher pressure areas trans-
mitted a greater percentage of total force than the
lower pressure regions. In contrast, the abnormal heels
(Fig. 2B) transmitted a lesser percentage of total force
through the high pressure region and a greater per-
centage of total force through the low pressure region.
Both floppy and atrophic heels are shown together in

HIGH MEDIUM
LOWMEDIUM HIGH

PRESSURE REGION OF HEEL

Fig. 2. The total force transmitted through the heel is split into the
percentages which are carried through the different heel pressure
regions (see "Materials and Methods"). The total force for each heel
is normalized to 100% to permit comparison between heels experi-
encing different loads. The graphs show the heels under full weight-
bearing by the test subject. A, Graph for the four heels that were
clinically normal. The curves demonstrate that more force is trans-
mitted through the high pressure regions than the low pressure
regions. B, Graph for the six heels that were either floppy or atrophic,
as described in "Materials and Methods." Because no significant
differences were seen between these two groups with regard to the
parameters examined in this figure, all six heels are grouped together
for the graph. In contrast to the normal heels, these abnormal heels
do not transmit more force through the high pressure region, but
distribute the force transmission evenly through all the pressure
regions.
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determine the shock-absorbing capability of the heel
pad.
On histologic examination," the central septae are

more vertical and smaller and, thus, are more effective
in resisting buckling in the highest stress region (Fig. 4,
A and B). Breakdown of the internal cell compartments
of fat globules and septal walls by degenerative or
aging processes, especially if it affects the internal
reinforcement, will permit local bulging and a greater
displacement, resulting in a thinner pad under loading.
Dysvascular and senescent heel pads appear to fit this
hypothesis, because they exhibit thicker septae with
fewer interconnections as well as fat cell atrophy.
Tissues respond to stress, which is force applied to

an area. High stresses, or repetitions above a critical
level, tend to cause destruction of supporting struc-
tures. Healing responses lead to further structural
changes, which result in altered mechanical behav-
ior.3- s These stress levels can also lead to pain?
Stresses can be reduced, as in the case of the heel
pad, where loading flattens the structure and increases
the area of contact. Furthermore, the shape of the
calcaneal surface, e.g., flat or more arched as in the
medial plantar calcaneal tubercle, also can influence
local pressure concentrations.
The thickness of the heel pad is the most important

factor in determining the stresses seen in the tissues.
A simple mathematical, mechanical analysis of a uni-
form, homogenous spacing material, as shown in Figure
5, demonstrates that a thin layer leads to higher peak
stresses within a narrow region of contact. A thick layer
leads to lower peak stresses distributed over a larger
region. These curves are identical to the pressure dis-
tribution data, and indicate that the pad behaves and
can be analyzed at first level of approximation as a
simple uniform structure." The area under the curves is
similar because the total load is the same. A material
that is more compliant (e.g., easily compressible or less
viscous) will thin out more rapidly under loads. Since
the structure of the heel is basically incompressible and
does not permit flow between septal compartments,"
the structure is inherently resistant to thinning due to
these causes. Also it should be apparent that constraint

Fig. 4. Diagrammatic illustration of coronal sections of a normal
heel pad. A, Nonweightbearing; B, weightbearing. See Figure 3 for
biomechanical interpretation.
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Fig. 3. The mechanical deformation of idealized septae: effects of
size, geometry, and structure.
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Under vertical loading, the structure in the central
heel pad is prevented from severe bulging by the inter-
nal reinforcement structures. Laplace's equations for
pressure show that tension in the walls of spherical or
cylindrical structures is proportional to radius x pres-
sure. Thus, the smaller structures formed by the inter-
nallyseptated fat globules aremore effective in resisting
deformation than larger globules without internal rein-
forcement. Moreover, smaller compartments have a
larger number of walls that must be stressed. If the
walls become thicker or more fibrous, they become
more difficult to stretch and deform under load, because
the fat cores themselves are incompressible. If the walls
break down, the structures become less resistant to
compression and, thus, more easily deformed. Defor-
mation of the longer septae toward the periphery of the
heel can occur by buckling or bending. If the tethering
structure of the septal wall continuity between the
calcaneus and dermis breaks down, the entire heel pad
can bulge more readily at the periphery, which results
in thinning as the central mass is displaced outward
(Fig. 3). It should be realized that these same factors
influence, in a similar manner, the recovery of the heel
pad once the load is removed (rebound). This ability will
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Thin pad

Thick pad

Distance (L-M)

Distance (L-M)
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appear mechanically similar to a normal thin pad with
respect to pressure distributions.

ACKNOWLEDGMENTS

We are grateful for the cooperation, knowledge, and
input of the various authors involved in this basic clinical
research study. Particularly, I am pleased with the
reliability, skill, and 10 years of diligent photographic
expertise of the Hospital for Joint Diseases-Ortho-
paedic Institute photographers, Daniel Benevento and
Frank Martucci. My appreciation is extended to Harri
Hurley for the editing and preparation of the manuscript
and Shari Clatterbuck for repeatedly typing the manu-
script.

Fig. 5. Loading and resultant stress patterns for thick and thin heel
pads.

of the heel, e.g., an external heel cup device, can
theoretically act to prevent the lateral and medial bUlg-
ing and thus maintain the pad thickness, resulting in
lower stress levels. Skin thickness, when increased in
acromegaly or callus development, also will restrict
mobility of the heel ensemble, particularly if adequately
tethered, and the resulting amount of compression
under load. Depending on its stiffness, it can impede
or promote high stress concentrations.
Undoubtedly, there is some synergism between the

various structural factors that influence mechanical be-
havior. For example, a thin pad with massive scarring,
exhibiting degeneration of internal supporting-tethering
structures, will deflect less than a normal pad and
create a more concentrated pressure distribution pro-
file. Similarly, a thick pad that has degenerated can
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