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Increased Foot Pressures
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OBJECTIVE — To compare peak pressures on the sole of the foot in non-insulin-
dependent diabetic patients with isolated, unilateral amputations of the great toe and
first metatarsal with the patients' contralateral, intact foot.

RESEARCH DESIGN AND METHODS— Eleven patients with a unilateral
great toe and partial first metatarsal amputation of at least 6 months duration were
evaluated with the F-Scan in-shoe pressure measurement system. Patients were studied
in the same brand and style of footwear—a thin, rubber-soled, canvas boat shoe. We
compared mean peak plantar foot pressures under the first metatarsal, lesser metatar-
sals, lesser toes, and heel in feet with and without a great toe amputation using the
Wilcoxon's matched pairs signed-rank test.

RESULTS — Peak foot pressures were significantly higher under the first metatarsal
head (P = 0.046), lesser metatarsal heads (P < 0.001), and toes (P < 0.001) in feet
with a great toe amputation compared with the contralateral foot without an amputa-
tion. Pressure under the heel was higher on the contralateral foot (P < 0.01).

CONCLUSIONS — After a great toe amputation, pressure distribution of the foot
is significantly altered. Because preamputation risk factors such as peripheral neurop-
athy, foot deformity, and limited joint mobility for many of these patients remain
unchanged, an increase in foot pressures contributes to an increased risk of reulcer-
ation and reamputation in these patients.

D iabetes is the most common con-
tributing factor to lower-extremity
amputation in the U.S. (1-3). After

an amputation, the chance of another am-
putation of the same extremity (4-6) or

contralateral extremity within 4 years is as
high as 50% (7-9). There are multiple
risk factors for foot amputation in people
with diabetes (10-12). Peripheral neu-
ropathy, high-pressure areas on the sole
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of the foot, prolonged activity (13,14), lim-
ited joint mobility (15), and foot deformity
(16) have been linked to the development
of foot ulcerations, the most common com-
ponent in the causal pathway to limb am-
putation in people with diabetes (11).

In many amputees, the elements
that contributed to the first amputation
have not been altered, and in the case of
partial foot amputations, disruption of
normal foot biomechanics probably in-
creases existing areas of high pressure and
the risk of ulceration. Our aim was to
measure pressure under the foot of pa-
tients with isolated, unilateral great toe
and first metatarsal amputations and
compare them with the patients' own
contralateral extremity.

RESEARCH DESIGN AND
METHODS— We evaluated seven
men and four women with non-insulin-
dependent diabetes and a unilateral am-
putation of the great toe and first metatar-
sal of at least 6 months duration. Eleven
consecutive patients from Podiatry and
Orthopaedic Clinics at the University of
Texas Health Science Center at San Anto-
nio that fit the study criteria were invited
and agreed to participate in the project.
The average age of participants was 65.1
years (range, 39-79). The participants'
average duration of diabetes was 9.9 years
(range, 3-37), and their average body
mass index was 28.1 kg/m2 (range, 23.6-
38.5). Patients were excluded if they had
a history of contralateral lower-extremity
amputation, Charcot arthropathy, trauma,
or rheumatoid arthritis. All patients were
evaluated with Semmes Weinstein mono-
filaments and had peripheral neuropathy
after the testing method and criteria de-
scribed by Birke and Sims (17) and
Holewski et al. (18).

Plantar pressures were evaluated
with the F-Scan in-shoe pressure mea-
surement system (Tek-Scan, Boston,
MA). The application of this equipment
and software has been described else-
where (19-21). We compared foot pres-
sures under the first metatarsal head,
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Table 1—Foot pressure measurements

Peak pressure (g/cm2) Great toe amputation No foot amputation

First metatarsal
Lesser metatarsals
Lesser toes
Heel

6,329 ± 4,658*
8,267 ± 3,909t
3,666 ± 2,704t
3,604 ± 1,424

4,611 ± 2,511
4,935 ± 2,557
1,701 ± 1,229
4,323 ± 1,782*

Data are means ± SD. *P < 0.05; IP < 0.001; tP < 0.01.

lesser metatarsal heads, lesser toes, and
heel in patients with a great toe and par-
tial first metatarsal amputation with their
contralateral, intact foot. The amputa-
tions in this study group comprised sub-
jects with resection of the distal portion of
the first metatarsal head. Generally, com-
pared with the contralateral foot, the peak
pressures were several centimeters proxi-
mal. In these cases, interpretation of in-
shoe sensors was adjusted to measure the
highest pressure at the distal portion of
the first metatarsal. Foot pressures were
measured in a pair of canvas boat shoes
with a thin rubber sole. Three gait trials
were repeated for each participant. Data
collection began after the second step and
continued for at least six consecutive
steps in each trial. We averaged the high-
est pressures under the four sites de-
scribed above for the purposes of analy-
sis.

We used the Wilcoxon's matched
pairs signed-rank test to compare the
peak plantar pressures between ampu-
tated and intact feet. We used SPSS statis-
tical software to perform the analysis
(SPSS, Chicago, IL).

RESULTS— Mean peak plantar foot
pressures for feet with great toe amputa-
tions and the contralateral extremity are
presented in Table 1. Peak pressures were
significantly higher under the first meta-
tarsal head (P < 0.05), lesser metatarsal
heads (P < 0.001), and toes (P < 0.001)
in feet with great toe amputations com-
pared with the patient's contralateral foot.
Pressure was higher under the heel of the
contralateral foot (P < 0.01).

CONCLUSIONS— In this study, we
have demonstrated that diabetic subjects

with a great toe and partial first metatarsal
amputation have higher foot pressures
under the first metatarsal head, lesser
metatarsal heads, and lesser toes com-
pared with the contralateral foot. For the
purposes of this study, we assumed that
feet in the same individual were matched
and therefore should have similar struc-
ture, function, and pressure distribution
on the sole of the foot. Symmetry of gait
during normal ambulation is a well ac-
cepted concept (24,25). Kinematic labo-
ratory studies of gait in normal subjects
have demonstrated that asymmetry of in-
tegral, temporal, and loading parameters
account for less than 5% of variance in
98% of the gait cycles studied (25).

For most of these patients, the
same risk factors for ulceration and am-
putation that existed before their ampu-
tation have remained unchanged, and
compared with the contralateral foot,
pressures on the forefoot increase. This
suggests that amputation of the great
toe and first metatarsal significantly al-
ters the function, structure, and pressure
distribution of the foot and potentially
puts these patients at greater risk of devel-
oping another ulceration or requiring a
subsequent amputation. Our results help
explain previous observations by Grete-
man and Dale (26) who reported that
65% of diabetic subjects with a great toe
amputation develop an ulceration and
53% require a subsequent amputation of
the same foot. The most common site of
ulcer formation was under the lesser
metatarsal heads.

Increased pressure under the heel
of the contralateral foot may be part of a
mechanism to compensate for abrupt
changes in normal foot mechanics caused
by destruction of the first metatarsopha-

langeal joint. Root et al. (27) have de-
scribed a transfer of pressure through the
first metatarsal region and great toe in
normal gait. Mann et al. (28) described a
change in the progression of the center of
pressure under the third metatarsal head
in feet with great toe amputations rather
than the usual medial progression under
the great toe. During the propulsion
phase of gait in normal subjects, toe-off
occurs at the same time that the contralat-
eral foot begins heel strike (27). The in-
ability of the amputated foot to smoothly
transfer pressure medially and propulse
off the great toe may cause more pressure
to be applied to the contralateral heel as it
is loaded.

Diabetic patients with a great toe
amputation should be targeted for fre-
quent and intensive preventive care. The
effectiveness of multispecialty high-risk
foot clinics to prevent lower-extremity
amputations has been described in both
the U.S. and Europe (29-31). Primary
care physicians, podiatrists, endocrinolo-
gists, vascular and orthopedic surgeons,
physiatrists, diabetes nurse educators,
and pedorthists have vital roles to play in
the care of high-risk patients. Specific ed-
ucation about the warning signs of foot
complications and prevention strategies
should be emphasized and repeated at
regular intervals to both patients and phy-
sicians (32,33). Because the vast majority
of medical visits for patients with diabetes
are provided by primary care physicians,
examination of the foot, identification of
complications, and appropriate referral
by these physicians could dramatically af-
fect diabetic foot outcomes. Foot inspec-
tion by primary care physicians should be
a mandatory part of every diabetic patient
encounter. This is especially important in
the high-risk patient with a previous am-
putation.

Many of these patients are best
managed in specialty foot clinics that can
bring consultants together in a timely, ag-
gressive fashion. Special insoles and foot-
wear to protect the foot and reduce high-
pressure areas are relatively inexpensive
measures and should be routinely used in
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patients with partial foot amputations.
The Medicare-supported Therapeutic
Shoe Bill makes special footwear and in-
soles available to more patients than ever
before. The Medicare shoe benefit pro-
vides one pair of custom molded shoes
(including the insoles provided with the
shoes) plus two additional pairs of insoles
or one pair of over-the-counter extra-
depth shoes and three pairs of insoles per
year. The physician that manages the pa-
tient's diabetes must document that the
patient has had a previous amputation of
all or part of the foot, a history of ulcer-
ation, a preulcerative callous, foot defor-
mity, or poor peripheral circulation. The
use of therapeutic footwear has been
demonstrated to be an effective adjunct to
prevent limb loss in high-risk patients
(34). Early identification of high-risk pa-
tients, appropriate education, and pre-
ventative care could reduce reulceration
and reamputation.
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