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 In addition to close conformity to 
the arch of the foot, it should be noted 
that wider orthoses will distribute 
force over a larger surface area than 
more narrow orthoses. Rigidity of the 
device is also critical. Traditionally, 
softer orthoses have been prescribed 
for patients with diabetes and with a 
history of ulceration. In fact, however, 
softer “mushy” orthoses will simply 
deform under body weight and will 
not distribute pressure as effectively 
as more rigid orthoses.

Orthotic Prescription 
Recommendation: 
 To distribute pressure over the 
largest possible surface area, the or-
thosis should conform close to the 
arch of the foot, be at least as wide as 
the foot, and be rigid enough to resist 
deformation.
	 •	Cast: For an orthosis to conform 
closely to the arch of the foot, it is rec-
ommended that the a non-weightbear-
ing neutral suspension cast of the foot 
be taken with the sub-talar joint in neu-
tral position, the midtarsal joint locked, 
and the first ray plantarflexed. Casting 
in a semi-weightbearing position often 
leads to ground reactive forces causing 
a flattening of the arch (dorsiflexion 
of the first ray) during casting. The re-
sultant orthosis will have a lower arch 
height and will not conform as close to 
the arch of the foot.9,10

	 •	Cast fill: Prescribe a minimum 
cast fill. A minimum fill means that 
less fill is added to the medial arch 
of the positive cast, resulting in an 
orthosis that conforms closely to the 
arch of foot.

Preventing foot ulceration 
is a critical aspect of the 
overall treatment of dia-
betic patients. Ulcer pre-
vention includes patient 

education, regular screening, use of 
proper shoes and socks, palliative 
care as needed and the use of or-
thotic devices specifically designed 
to reduce those forces that are likely 
to lead to ulceration. This article will 
take a closer look at the prescription 
and use of orthotic devices to prevent 
ulceration in the diabetic patient.

It’s All About the Forces
 The goal of the orthotic practitioner 
in prescribing orthoses for the at-risk 
diabetic patient is to provide an or-
thosis that decreases the forces that 
are likely to lead to foot ulceration. 
Traditionally, the primary goal when 
prescribing orthoses for this popula-
tion has been to decrease pressure, or 
those forces that act horizontally on 
the plantar foot during ambulation. Al-
though numerous studies have report-
ed a relationship between increased 
pressure and ulceration,1-3 ulcer preven-
tion is much more complicated. There 
is significant evidence that shear—or 
friction—forces play just as critical a 
role, and possibly a more critical one 
in ulcer etiology, and thus must be ad-
dressed when prescribing foot orthoses 

for the at-risk diabetic patient. This ar-
ticle will evaluate a number of criteria 
that may lead to ulcer formation and 
make specific orthotic recommenda-
tions based on each criterion.

Redistribution of Pressure
 Pressure is the amount of force 
acting per unit area, for example, 
pounds per square inch. When pre-
scribing orthoses that are designed 
to decrease pressure, it is critical to 
understand that the larger the surface 
area over which force can be dis-

tributed on the plantar foot, the less 
pressure will be applied to any one 
area of the foot. In addition, those 
pressures that would be considered 
normal and non-pathologic in the 
non-diabetic population may lead to 
ulcers in the diabetic patient.4,5

 To most effectively reduce peak 
pressure on the plantar foot, an or-
thosis should act to distribute force 
over the largest possible surface area. 
Such an orthosis would be one that 
conforms very closely to the arch of 
the foot and is rigid enough so as 
not to deform under body weight.6-8 
Mueller and colleagues showed a re-
duction in peak plantar pressure of 
16-24% using a total contact insert 
which acted to increase contact sur-
face area by 27%.6

The goal is to reduce pressure and shear forces.

Orthotic Prescription Writing 
for Patients with Diabetes

By Lawrence Huppin, DpM

To most effectively reduce peak pressure on the 
plantar foot, an orthosis should act to distribute force 

over the largest possible surface area.

Continued on page 94

BiOMecHanicS AND PODIATRY



www.podiatrym.comSEPTEMBER 2020 |  PODIATRY MANAGEMENT 

94

BiOMecHanicS AND PODIATRY

found Poron® to have a significantly 
longer effective life when compared 
to other soft tissue supplement mate-
rials such as soft Plastazote® and Sor-
bothane®.20 Tong and Ng investigated 
the amount of pressure reduction for 
different padding and insole materi-
als. They found significant reduction 
in minimum and mean pressure with 
a combination of Poron® and firm 
Plastazote® when compared to bare-
foot and better pressure reduction 
when compared to Slow Recovery 
Poron® and Poron®+soft Plastazote®.21

Orthotic Prescription 
Recommendation:
	 •	Topcover: A topcover with soft 
tissue supplement should be included 
on all orthoses for diabetic patients. 
Although the study by Tong and Ng 
showed the greatest reduction in plan-
tar pressure with the use of Poron® 
and firm Plastazote®, firm Plastazote® 
is a difficult material to conform to 
an orthosis when producing a top-
cover, so for the time being, this au-
thor would recommend using Poron® 
alone for cushioning. Poron®, howev-
er, has a tendency to tear in response 
to shear forces, so it must be glued to 
a top layer of a material that is not 
prone to tearing. The current topcover 
recommendation is for 3mmor 4.5mm 
Poron® glued to a top layer of leather 
or 1.5mm soft EVA, either of which 
will prevent tearing of the Poron®.
	 •	Forefoot Extension: For patients 
with significant forefoot fat pad at-
rophy, it is also recommended that a 
forefoot extension consisting of anoth-
er 1.5mm—3mm thickness of Poron® 
be prescribed. This should extend from 
the distal edge of the orthosis to the 
sulcus. It is recommended that the ex-
tension not extend full length to the 
toes so as not to crowd the toe box of 
the shoe. Finally, we recommend that 
the cover be prescribed to be glued only 
on the posterior half of the orthosis. 
This allows addition or modification 

	 •	Width: Prescribe orthoses to be 
wide or incorporate a medial flange 
in order to distribute force over as 
large of a surface area as is possible.
	 •	Material: Use an orthosis shell 
material that is not prone to excessive 
deformation under body weight, for 
example, semi-rigid polypropylene.

Pronation in the Diabetic Patient
 The diabetic patient with an exces-
sively pronated foot may see increased 
plantar metatarsal head pressures com-
pared to the non-diabetic patient. This 
is likely due to glycolsylation of the 
midfoot ligaments causing limited joint 
mobility at the midtarsal joint (MTJ).11 
In a situation where there is normal 
mobility of the MTJ, heel eversion 
will result in inversion of the forefoot 
against the rearfoot. In the presence 
of limited joint mobility at the MTJ, 
the ability of the forefoot to invert is 
limited. In this situation, more pressure 
must be applied against the medial 
forefoot in order to invert the forefoot 
on the rearfoot. Several studies have 
confirmed this increase in submetatar-
sal pressure in the diabetic patient with 
limited joint mobility.11-14

Orthotic Prescription 
Recommendation: 
 Diabetic patients are often pre-
scribed softer accommodative types 
of orthoses with the idea that softer 
devices offer greater protection. While 
soft tissue supplement topcover ma-
terials should be included (discussed 
below), functional orthoses that act 
to control excessive pronation should 
be considered for the diabetic patient 
with excessive STJ pronation in order 
to reduce medial forefoot pressure.
	 •	Material: Use an orthosis shell 
material that is not prone to excessive 
deformation under body weight, for 
example, semi-rigid polypropylene.
	 •	Pronation Control Features: Deep 
heel cups, medial heel skives, wide or-
thoses and minimum cast fill will help 
control excessive STJ pronation.

Cushion and Pressure
 In most people, the heel and 
forefoot fat pads provide adequate 
cushioning that acts to reduce pres-
sure by compressing and splaying, 

resulting in a redistribution of force. 
In the presence of diabetes, the fat 
pad under the heel and forefoot can 
became thinner and less effective in 
reducing pressure. Effects of diabetes 
on the fat pad include:
 1) Atrophy of the fat pad due to 
peripheral vascular disease.
 2) Glycosylation in poorly con-
trolled diabetics that can lead to de-
creased integrity of the fat pad.15,16

 3) Anterior displacement of the 
forefoot fat pad secondary to digital 
contraction.17

 Abouaesha and colleagues looked 
at the relationship between the thick-
ness of the fat pads and plantar foot 
pressure, and found a strong inverse 
relationship between thickness of the 
plantar fat pad and pressure under the 
metatarsal heads in diabetic patients.18

Cushioning Materials
 Given the propensity for de-
creased natural cushioning in dia-
betics and the strong relationship 
between decreased fat pad and in-
creased pressure, it is beneficial to 
include soft-tissue supplements in the 
form of cushioning materials when 
prescribing orthoses for diabetic pa-
tients. These soft tissue supplements 
should be included as part of a top-
cover on an orthotic device. There 
are many materials available and 
these include foams, rubbers, and 
viscoelastic materials. Although there 
is limited data indicating which of 
the cushioning materials are the best 
replacement for the natural cushion-
ing provided by the fat pads, there is 
some evidence to help us determine 
the materials that are likely to be 
most effective.
 Paton, et al. investigated the 
physical properties of materials used 
to fabricate orthoses designed for the 
prevention of neuropathic diabetic 
foot ulcers. They found that the most 
clinically desirable dampening ma-
terial was Poron®.19 Campbell, et al. 

In the presence of diabetes, 
the fat pad under the heel and forefoot can became 

thinner and less effective in reducing pressure.
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Leaving the anterior portion of the top-
cover unglued makes this process easy.

Shear
 While pressure is an important 
contributor to ulcerations of the diabet-
ic foot, shear forces also play a signifi-
cant role. Hsi noted that patients with 

areas of normal plantar pressure values 
may still ulcerate, and patients with 
elevated plantar pressure may not.26 
Lavery, et al. said that foot pressure is 
a “poor tool” in predicting ulcers.27 He 
and others note that foot ulcers do not 
necessarily occur at sites of peak pres-
sure but may occur at sites of normal 
pressure magnitudes.28-29

 The techniques discussed thus far 
to control pressure (vertical forces) 
do not necessarily control shear (hor-
izontal forces or forces parallel to the 
skin). To reduce shear (friction), a pri-
mary goal is to reduce the coefficient 
of friction (COF). The lower the COF, 
the less friction and the less load there 
will be on skin. New materials which 
act to lower the COF at localized areas 
prone to ulceration may be beneficial 
in reducing ulcer formation.

Orthotic Prescription 
Recommendation: 
 Consider the application of 
Polytetrafluoroethylene (PTFE) pads 
in areas at risk for ulceration. A 
study by Lavery compared rate of 
ulcer formation in patients using or-
thoses without PTFE and those using 
orthoses with PTFE and found ortho-
ses with PTFE to be 3.5 times more 
effective at preventing ulcers.30

Summary
 Foot orthoses designed to prevent 
ulceration in the diabetic patient should 
act to reduce those forces that lead to 
ulceration, namely pressure and shear.
 The following orthosis prescrip-
tion would fit the criteria described 
above as effective in reducing patho-

of metatarsal pads as will be discussed 
later in this article.

Aperture
 Tong and Ng also tested subjects 
with a 1st metatarsophalangeal joint 
aperture cut-out, bilaterally made of 
semi-compressed felt padding. They 
found that an aperture for the first 
metatarsal head decreased peak pres-
sure more effectively than did the 
cushioning materials.21 These types 
of apertures can be a very effective 
method for decreasing localized pres-
sure under a metatarsal head. The 
potential problem with these aper-
tures is that they will transfer pres-
sure to adjacent areas of the foot 
and could increase risk of ulceration 
under an adjacent metatarsal head.22

Orthotic Prescription 
Recommendation: 
 Korex® and firm EVA are common 
materials used to add apertures to or-
thoses. To ensure proper placement of 
the aperture, it is recommended that 
the patient first be allowed to wear 

the orthosis for approximately two 
weeks. During that time, indentations 
will appear in the topcover indicating 
the location of higher pressures. Using 
these indentations as a template, ap-
ertures can then be added. For exam-
ple, if an indentation is seen under 
the 3rd metatarsal head, 3mm Korex® 
can be applied to the bottom of the 
topcover under metatarsal heads 1,2,4 
and 5, creating a slot aperture for the 
3rd metatarsal head. Always provide 
patient education and regular eval-
uation of adjacent metatarsal heads 
when an aperture is used.

Metatarsal Pads
 Several studies have evaluated 
the use of metatarsal pads in reduc-

ing forefoot pressure in patients with 
diabetes. Hastings, et al. evaluated 
total contact inserts and metatarsal 
pads in the reduction of peak plantar 
pressure. The purpose of the study 
was to determine the effect of meta-
tarsal pad location on peak plantar 
pressure in subjects with diabetes 

mellitus and peripheral neuropathy. 
Compared to the total contact insert 
alone, researchers found consistent 
plantar pressure reduction when the 
metatarsal pad in this study was lo-
cated between 6 to 11 mm proximal 
to the metatarsal head line. Pressure 
reduction lessened as the metatarsal 
pad moved outside of this range and 
actually increased if the pad was lo-
cated too distal of this range.23 Hsi, et 
al. found that metatarsal pad applica-
tion decreased maximal peak pressure 

and pressure time integral under the 
second metatarsal head. In this study, 
teardrop shaped metatarsal pads made 
of polyurethane foam were used, 
and optimum pressure reduction was 
found when the pads were placed just 
proximal to the metatarsal head.24,25

Orthotic Prescription 
Recommendation:
	 •	 Topcover: In order to ensure 
easy access to add, remove, or adjust 
a metatarsal pad, it is recommended 
that the topcover, when first applied 
to the orthosis, not be glued on the 
anterior half of the orthosis.
	 •	Metatarsal Pad: Metatarsal pads 
can be added to orthoses at the lab or 
added by the practitioner in the clinic. 

Foot orthoses designed to prevent ulceration in the 
diabetic patient should act to reduce those forces that 

lead to ulceration, namely pressure and shear.
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