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OBJECTIVE — To compare how footwear (full-length shoe or short shoe), a total contact
insert, a rigid rocker-bottom (RRB) sole, and an ankle-foot orthosis (AFO) affect peak plantar
pressure (PPP) on the distal residuum and contralateral extremity of patients with diabetes and
transmetatarsal amputation (TMA).

RESEARCH DESIGN AND METHODS— Thirty patients with diabetes and TMA par-
ticipated (mean age 62 ± 4 years). In-shoe plantar pressures during walking were measured in
six types of footwear. Each measurement occurred after a 1-month adjustment period.
Repeated measure analysis of variance (ANOVA) was used to compare treatments.

RESULTS — All five types of therapeutic footwear reduced plantar pressures compared with
regular shoes with a toe-filler (P < 0.05). A full-length shoe, total contact insert, and RRB sole
resulted in lower pressures on the distal residuum (222 vs. 284 kPa) and forefoot of the con-
tralateral extremity (197 vs. 239 kPa), compared with a regular shoe and toe-filler. Footwear
with an AFO showed reduced PPP on the residuum, but most patients complained of reduced
ankle motion during walking. A short shoe reduced pressures on the residuum, but not on the
contralateral extremity, and many patients had complaints regarding cosmesis of the shoe.

CONCLUSIONS — The full-length shoe, total contact insert, and an RRB sole provided the
best pressure reduction for the residuum and contralateral foot, with the optimal compromise
for cosmetic acceptance and function.

Patients with transmetatarsal amputa-
tion (TMA) are at high risk for skin
breakdown and higher amputation.

Multiple studies indicate that skin break-
down, wound failure, or higher amputation
can arise in 17-44% of patients with TMA,
with an average rate of ~30% (1-6).

Two primary factors contributing to
skin breakdown or higher amputation are
sensory neuropathy and lower extremity
ischemia (4,7). Sensory neuropathy is a
critical risk factor for patients experiencing
unnoticed, repeated trauma during walking
that can lead to skin breakdown (7,8). In

an early description of TMA surgery, McKit-
trick et al. (5) reported that in patients with
diabetes and insensitive skin, plantar ulcers
recur after TMA "in almost all instances"
and "in spite of any precautions we have
been able to take." The combination of
repeated trauma, neuropathy, and periph-
eral vascular disease places these patients at
high risk for skin breakdown, and ulti-
mately, a higher, less functional, amputa-
tion (7-9).

Trauma to the plantar foot during nor-
mal walking is a potentially treatable factor
(7,8) and is estimated by measuring peak
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plantar pressure (PPP) (8,10,11). Location
of PPP on the feet of patients with periph-
eral neuropathy has been associated with
the location of skin breakdown (8,10,11).

Current therapeutic footwear for
patients with peripheral neuropathy is
designed to reduce excessive PPP on the
foot. There is no consensus, however, on
the optimal footwear to prescribe for
patients with diabetes and a TMA who are
at particularly high risk of skin breakdown.
Some suggest that no formal footwear
besides a toe filler, and perhaps a rein-
forced sole, may be required (5,12-14).
Those working with patients with periph-
eral neuropathy recommend using a total
contact insert (8,11,15). Others suggest a
rigid rocker-bottom (RRB) sole may be
helpful to substitute for the metatarsal pha-
langeal joints and facilitate motion during
the push-off phase of walking (16-18).
There is evidence to indicate that an RRB
sole can reduce PPP under a full-length foot
by 20-50% when compared with regular
footwear (16,17). Bauman et al. (18)
demonstrated reduced PPP under the feet
of patients with Hansen's disease and short-
ened feet when using an RRB sole.

Other authors recommend using a cus-
tom-made, shortened shoe with an RRB
sole for some patients with TMA to
improve the fit of residuum to foot (11,19).
Still others have speculated that an ankle-
foot orthosis (AFO) may help to protect the
residuum, immobilize the ankle, provide
overall support to the patient, and reduce
PPP (20). There has been no research, how-
ever, to compare these various shoe com-
ponents in their ability to reduce PPR

The primary purpose of this study was
to determine how footwear (full-length
shoe or short shoe), a total contact insert,
an RRB sole, and an AFO affect PPP on the
distal residuum and contralateral extremity
of patients with diabetes and TMA. A sec-
ondary purpose was to determine how
these shoe components affect walking
speed and problems encountered by the
patient during wearing time (skin break-
down, cosmesis, function).
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Table 1—Subject characteristics (n = 30)

Age (years) 61.7 ± 11.3 (34-83)
Height (m) 1.72 ± 0.13 (1.48-1.98)
Weight (kg) 95.8 ± 19.8 (60-145)
BMI (kg/m2) 30.3 ± 5.2 (21-45)
Duration since TMA 27.4 ± 28.1 (2-132)

(months)
Duration of diabetes 19.9 ± 10.1 (2-39)

(years)
Type I diabetes 6
Type II diabetes 24
Sex

Male 20
Female 10

Loss of protective sensation* 16
Bilateral amputation

TMA 4
Transtibial 2

Data are means ± SD (range) or n. *Patients who
were unable to sense the 5.07 Semmes-Weinstein
Monofilament on any portion of their foot.

RESEARCH DESIGN AND
METHODS

Subjects
Thirty patients with diabetes and TMA
were recruited from the diabetic foot center
of an academic medical center and from
patients of a local prosthetic and orthotic
company. Mean age was 61.7 ± 4.0 years,
and there were 20 men and 10 women.
Inclusion criteria were a history of diabetes,
a history of TMA with healed incision site,
and the ability to walk independently. The
mean duration of diabetes was 19.9 ± 10.1
years, and the mean time since TMA was
27.4 ± 28.1 months (Table 1).

Description of footwear
The following footwear combinations were
assessed (Fig. 1):

1. Full-length shoe (i.e., shoe length before
surgery), with a toe filler (Fig. 1A).

2. Full-length shoe, total contact insert,
and an AFO (Fig. IB).

3. Full-length shoe, total contact insert,
and a RRB sole (Figs. 1C and 2).

4. Full-length shoe, total contact insert,
RRB sole, and an AFO (Fig. 1C).

5. Short shoe (i.e., length of residuum),
total contact insert, and RRB (Fig. ID).

6. Short shoe, total contact insert, AFO,
and RRB sole (Fig. ID).
Footwear was provided to patients in

the order of the following 3 clusters; 1 or 2,
then 3 or 4, then 5 or 6. Order of footwear
within the cluster was random. Complete

Figure 1—A: footwear combination 1, regular shoe with a toe filler. B: footwear combination 2, full-
length shoe, total contact insert, and an AFO. C: footwear combination 3 and 4, full-length shoe, total
contact insert, and an RRB sole, with and without an AFO. D: footwear combination 5 and 6, short shoe,
total contact insert, RRB sole, with and without an AFO.

randomization was not possible without a
substantial increase in cost of footwear fab-
rication: short shoes could be made from
long shoes, but long shoes could not be
made from short shoes.

Except for the short-shoe combinations,
footwear for the contralateral extremity
matched the extremity with TMA (although
an AFO was not used). For the short-shoe
combinations (5 and 6), subjects wore the
full-length shoe with a total-contact insert
and RRB sole on the contralateral extremity
just as they had in combinations 3 and 4.

Patients were instructed to bring in
their "best fitting" pairs of shoes for combi-
nation 1. Of these pairs of shoes, the opti-
mal pair was selected using defined criteria
(15, p. 553). Lamb's wool was used for a
toe filler. Twelve subjects had no regular
footwear, and tennis shoes were supplied
(Fig. 1). This footwear combination was
included because it is a typical prescription
outlined by several sources (5,12-14).

A total contact, half-inch thick, white
plastazote (2, Alimed, Boston) insert was
used in combinations 2-5 (Fig. 2). The
AFO was fabricated from a total contact
plaster cast. Ankle equinous deformities
were accommodated. One-half inch white
plastazote was vacuum formed and
trimmed to the plantar surface of the posi-
tive residuum. Then, 3/16 inch polypro-
pylene plastic was vacuum formed over
the positive plaster mold and plastazote

insert. Medial-lateral trim lines were poste-
rior to the medial and lateral malleolus. The
plantar trim line extended to the distal
residuum.

Bilateral", lower quarter, custom shoes
were fabricated for combinations 2-6. The
AFO, insert, and the corrected positive cast
were used for a shoe last. The midsole was
a combination of cork and latex. The out-
sole and rocker were fabricated of crepe.
The rocker was a traditional rocker sole of
about 20 degrees. Slight modifications were
required for certain individual patient dif-
ferences. The apex of the rocker was just
proximal to the distal residuum or
metatarsal heads (18). The long shoe was
converted to a short shoe by cutting off the
end and recapping with leather.

Procedures
A certified orthotist and physical therapist
determined appropriate fit and patient
safety for each footwear combination. The
patient was excluded from continued use of
a given footwear combination for any of the
following reasons: 1) orthotist or physical
therapist decided the patient was not safe
due to instability during walking or stair
climbing; 2) excessive motion was occur-
ring between the residuum and the
footwear (i.e., the heel rises ^ 1 cm out of
the footwear during walking); or 3) the
patient refused footwear combination due
to safety or cosmetic reasons.
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Figure 2—Footwear combination 3. The insert used for combinations 2-6 is in front of the shoe.

Patients were educated in footwear
application, skin protection, and a wearing
schedule. If the footwear was judged ade-
quate by the patient, orthotist, and physical
therapist, the patient wore the footwear for
1 month to become fully adjusted to the
combination. Data were collected 4 weeks
later. If the footwear was judged inade-
quate by the patient, orthotist, or physical
therapist, data were collected on that date,
as able, and the patient was supplied with
the next footwear combination.

PPP assessment
PPP was measured using the F-Scan system
(Software v. 3.42, Tekscan, Boston, MA).
The system consists of a 0.18-mm thick
sensor with 960 pressure-sensing locations.
During the first session, subjects placed
their residuum or foot on a new sensor, and
the perimeter of the foot was traced on the
sensor. The sensor was trimmed to match
the plantar surface of the foot and fit inside
the shoe. Data from three trials were col-
lected at a sampling rate of 50 Hz for 4 s as
the subject walked at their preferred pace
on a 6.8-m walkway. Magnitude of PPP on
the distal residuum and the contralateral
forefoot were obtained using the default
size window (4.13 cm2) of the F-Scan soft-
ware. The forefoot was chosen because this
is the location for most neuropathic ulcers.
A mean of the PPP from three steps was
used (21). Subjects were allowed to walk
with the sensors inside the shoe for several
minutes before calibration to repeatedly
load the sensor and allow for equilibrium of
temperature (22). Data were collected
immediately after calibration as recom-

mended by the manufacturer. Reliability for
repeated measures using the same equip-
ment and methods has been documented
(21). Walking speed was determined by
measuring the time to walk a known dis-
tance on the walkway during testing.

Statistical analysis
Variables were analyzed using a univariate
repeated measure analysis of variance
(ANOVA). Individual contrasts were used
for post hoc analysis on those variables
showing a significant overall F value (P <
0.05).

RESULTS— The means and standard
deviations for all variables for all combina-
tions are listed in Table 2. The repeated
measure ANOVA indicated a significant
effect for PPP measured at the distal
residuum (F = 3.22, P < 0.01). Post hoc

Table 2—Summary of results

analysis revealed that all experimental
footwear (combinations 2-6) showed lower
PPP on the distal residuum compared with
the regular shoe with a toe-filler (one-tailed
test, P < 0.05). There were no differences in
PPP on the distal residuum between the
experimental footwear combinations 2-6
(P>0.05).

A repeated measure ANOVA also indi-
cated a significant effect for PPP on the
forefoot of the contralateral extremity (F =
2.74, P = 0.025, Table 2). A post hoc analy-
sis revealed combinations 2, 3, and 4
allowed lower PPP (P < 0.05) on the fore-
foot of the contralateral extremity com-
pared with the regular shoe.

A doubly repeated ANOVA was used
to determine if there were any differences
between the PPP on the distal residuum
compared with the contralateral extremity
for the six footwear combinations. A signifi-
cant interaction (F = 2.56, P < 0.05) indi-
cated that the difference between the PPP
on the distal residuum of the TMA and the
forefoot of the contralateral extremity var-
ied across combinations. A post hoc analy-
sis indicated PPP was greater on the distal
residuum (X = 288 kPa) compared to the
forefoot of the contralateral extremity (X =
229 kPa) for the regular shoes with toe-
filler only (F = 4.33, P = 0.05, n = 20, pres-
sure values differ slightly from values in
Table 2 because the mean was calculated
only on subjects who completed data col-
lection in all six combinations). There were
no other significant differences.

A secondary purpose was to determine
how these shoe components affect walking
speed and problems encountered by the
patient during wearing time (skin break-
down, cosmesis, function). Patients were
able to walk faster wearing the long shoe

1
2
3
4
5
6

Footwear combination
Length

Full
Full
Full
Full

Short
Short

Insert

X
X
X
X
X

RRB

—
X
X
X
X

AFO

X
—
X
—
X

Residuum
(kPa)

284 ±130
222 ± 88*
222 ±110*
222 ± 83*
236 ± 73*
210 ±67*

PPP
Contralateral

extremity
(kPa)

239 ± 80
188 ± 79*
197 ±64*
196 ± 66*
216 ±66
237 ±109

Walking
velocity
(m/min)

48.9 ±17.9
49.6 ±15.3
52.8 ± 14.4*
51.7 ±16.5
53.9 ±16.7*
54.5 ± 16.4*

Data are means ± SD. *Different than combination 1, one-tailed test, P < 0.05. kPa, kilopascal; 1 pound
per square inch = 6.9 kPa. Repeated measures ANOVA, F and P values: For residuum, n = 21, F = 3.22, P
< 0.01; contralateral extremity, n = 24, F = 2.74, P = 0.025; walking velocity, n = 26, F = 3.21, P = 0.01.
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Table 3—Incidence of problems while wearing each footwear combination

1
2
3
4
5
6

Length

Full
Full
Full
Full

Short
Short

Footwear combination
Insert

X
X
X
X
X

RRB

—
X
X
X
X

AFO

X
—
X
—
X

Developed
skin lesion,

blister, or ulcer

2/30 (7)
8/29 (28)
1/28 (4)
1/27 (4)
0/27 (0)
0/27 (0)

Patient
refused to wear
due to cosmesis

0/30 (0)
1/29 (3)
1/28 (4)
1/27 (4)

5/27 (19)
5/27 (19)

Orthotist, physical
therapist, or patient
identified problems

during walking

8/30 (27)
16/29 (55)
3/28(11)
17/27 (63)
3/27(11)
16/27 (59)

Patient
completed

1-month
wearing time

13/30 (43)
9/29 (31)
24/28 (86)
9/27 (33)
19/27 (70)
9/27 (33)

Data are n

with the RRB or either of the short shoes
(combinations 3, 5, and 6) compared with
the regular shoes with a toe filler (combina-
tion 1, Table 2). The incidence of problems
while wearing the footwear combinations is
listed in Table 3. Overall, combination 3
showed the fewest problems, and 24 of 28
(86%) patients were able to complete the
full month wearing time.

CONCLUSIONS— All therapeutic foot-
wear reduced PPP on the distal residuum of
the TMA compared with a regular shoe.
Apparently, the most important factor in
reducing the PPP on the residuum was the
total-contact, custom-made plastazote
insert (Fig. 2). Multiple authors working
with patients with peripheral neuropathy
have recommended the total-contact insert
to increase weight-bearing surface area and
to decrease PPP (8,11,15). Combinations
2-6 showed similar PPPs that were, on
average, 22% less than the PPP while wear-
ing the regular shoe and toe filler (Table 2).

Footwear combinations 2-4 also
showed significantly reduced PPP on the
forefoot of the contralateral extremity
(Table 2). Reducing PPP on the contralat-
eral extremity is an important consideration
to protect this extremity and reduce the
high incidence of bilateral amputation after
lower extremity amputation (7).

The total contact insert helped to
reduce PPP on both feet, but particularly
on the distal residuum. In combination 1,
when the total contact insert was not used,
PPP was greater on the distal residuum
than the forefoot of the contralateral
extremity (X = 284 vs. X = 239 kPa), con-
sistent with another recent report (23).
Only therapeutic full-length shoes (combi-
nations 2-4) reduced PPP on the residuum
and the contralateral extremity (Table 2).
Patients using the AFO (combinations 2

and 4), however, had problems with skin
breakdown and function (Table 3). Sixteen
patients (55%) could not complete the 1-
month wearing period for the full-length
shoe and AFO, because of patient com-
plaints or rejection by the orthotist and
physical therapist (combinations 2 and 4,
Table 3). Common complaints from
patients wearing the AFO were "the brace
doesn't allow my ankle to move," and "I
don't believe that I can walk as well." Con-
versely, one subject with a drop foot
showed an improved gait wearing the AFO.

The short-shoe combinations allowed
increased walking speed and decreased PPP
on the residuum but not on the contralateral
extremity. Subjects seemed to rely on their
contralateral extremity for weight bearing
more when wearing the short shoe than
when wearing the long shoe. In addition,
cosmesis was a negative factor in compliance
with the short shoe. Five subjects (19%)
refused to wear the short shoe in the com-
munity for cosmetic reasons. Since the short
shoes used in this study were fabricated
from long shoes (Fig. 1), the cosmesis was
particularly poor. Two subjects reported,
however, that they preferred the short-shoe
combination to the long-shoe combination.
They reported that they thought they could
walk more easily, and the front of the shoe
did not interfere with such activities as
climbing stairs or getting into a car. Only
three subjects (11%) reported problems dur-
ing walking, and these problems appeared
to be due to the RRB.

The footwear combinations using the
RRB did not show an additional reduction
in PPP, perhaps because the rocker angle
was only 20 degrees rather than previous
reports of 25 degrees (16,17). We did not
use a 25-degree angle, because we have had
difficulty with patient compliance. Despite
the lack of additional pressure reduction,

we believe the RRB is important to use for
several reasons. The RRB sole seemed to
allow the leg to roll over the distal
residuum, helping to substitute for the
missing metatarsal phalangeal joints, and
minimized movement of the residuum in
the shoe. In combination 1, some subjects
showed excessive movement of the heel
out of the shoe during walking, and the
footwear was rejected by patient, orthotist,
or physical therapist in 27% of cases (Table
3). In combination 2 (AFO, no RRB), 28%
of subjects experienced minor skin break-
down on the anterior surface of their
residuum or at their heel. These problems
appeared to be due to the residuum slip-
ping inside the shoe. This slippage and
subsequent skin breakdown did not appear
to occur while wearing the shoes with the
RRB sole. Unfortunately, the shear forces,
which would arise from the residuum slip-
ping inside the shoe and which could
account for the skin breakdown on the
anterior and posterior residuum, cannot
be measured with current in-shoe pressure
systems such as the F-Scan.

Additional evidence to support using
the full-length shoe with an RRB sole (com-
bination 3) was that it allowed patients to
walk faster (Table 2), and it never was
rejected during the checkout period by the
orthotist or physical therapist. The three
subjects who refused to use this combina-
tion complained of instability while using
the rocker bottom soles. Twenty-four of 28
subjects (86%) were able to wear this
footwear combination for the 1-month
adjustment period (Table 3).

Overall, the full-length shoe with a total-
contact insert and an RRB sole was the most
effective footwear combination in reducing
PPP on the distal residuum and the forefoot
of the contralateral extremity in patients with
diabetes and a TMA. This footwear combi-
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nation also allowed patients to walk faster
and had a low rejection rate by patients, the
orthotist, or the physical therapist. The
footwear combination that included an AFO
reduced PPP on the residuum significantly,
but most patients complained of limited
ankle motion during walking. Patients using
the short-shoe combination had fewer com-
plaints during walking, but PPP was not
lowered on the contralateral extremity and
there were many complaints regarding
cosmesis. Although there are individual
patient characteristics that warrant other
prescriptions, based on the results of this
study, we recommend the full-length shoe,
total contact insert, and RRB sole for most
patients with diabetes and TMA (Fig. 2).
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