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Introduction
Diabetes mellitus (DM) is a disease that accounts for big debates 

and efforts by all the involved parties in this clinical process. 

Among the chronic complications associated with DM we fi nd 

the ulcers of the lower extremities, with special emphasis those 

located in the foot, which 15% of patients suffer at some point in 

the course of their disease1. These ulcers can be classifi ed into 

venous, arterial and neuropathic, according to their etiology; 

though frequently ulcers are caused by several etiologic factors3 

at the same time can be found. Neuropathy affects sensor motor 

fi bers of the peripheral nervous system, as much as autonomic 

nervous system fi bers. Its prevalence increases with poorly con-

trolled glucose and the diabetes evolution time, affecting up to 

50% of the patients with more than 25 years of evolution.2 With 

peripheral neuropathy, patients present a progressive decrease in 

pain sensation, temperature and vibration, and deep and superfi -

cial sensitivity.1

All these alterations cause a loss of tone to the sole of the foot 

skin and worsen the foot response to mechanical stress3, causing 

high plantar pressure and ulcer development. Although many 

studies have proposed a pressure threshold for the development 

of foot ulceration, as Armstrong et al.4 pressures higher than 99 

N/cm2 would cause delay in healing, however, this statement re-

mains controvertial.5

Therefore, an insensitive foot, whether ischemic or not, 

should be considered at high risk of suffering ulcer. The use of 

pressure relief as etiologic treatment, if properly applied, has 

shown to produce modifi cations on the ulcer histology, chang-

ing from a chronic infl ammatory state to a much more evolu-

tionary condition.6 This pressure reduction has the basic princi-

ple of distribution or transmission of the load over wider areas, 

so it reduces pressure peaks in certain points. The pressure re-

duction depends on three factors: 1) the use of an option of spe-

Abstract
Among the chronic complications associated with diabetes mellitus, foot ul-

cers are present in 15% of patients sometimes in the course of their disease, 

and often leads to amputation. These ulcers are usually neuropatic and have 

a poor response to mechanical stress that causes high plantar pressures. Us-

ing offloading is an integral part of the healing process, which causes favora-

ble histologic changes in the ulcer, from a chronic inflammatory state to a 

better evolutionary condition. There are many strategies for reducing plantar 

pressure which have to be used in a protocol manner to obtain favorable re-

sults. This article presents different methods of pressure reduction underling 

the importance for professionals of their use in the management of diabetic 

foot ulcers.

Keywords: diabetic foot, ulcer, neuropathy, offloading.

Resumen
Dentro de las complicaciones crónicas asociadas a la diabetes mellitus encon-

tramos las úlceras localizadas en el pie, que llegan a padecer el 15% de los 

pacientes alguna vez en el curso de su enfermedad y que a menudo derivan 

en una amputación. La etiología de estas úlceras está normalmente asociada 

a la presencia de una neuropatía diabética y una peor respuesta al estrés me-

cánico, que provoca altas presiones plantares. El uso de descargas como tra-

tamiento etiológico es una parte integral del proceso de curación, ya que 

produce modificaciones en la histología de la úlcera, que pasa de un estado 

inflamatorio crónico a una condición mucho más evolutiva. Existen múltiples 

estrategias para la reducción de la presión plantar que deben utilizarse de ma-

nera protocolizada para poder conseguir resultados favorables. Este artículo 

presenta diferentes métodos de reducción de la presión, de manera que el pro-

fesional reconozca la importancia de su uso en la gestión de las úlceras del 

pie diabético. 

Palabras clave: pie diabético, úlcera, neuropatía, descarga de presión.

Therapeutic education in diabetes

Alternatives for pressure relief of neuropathic ulcer 
in the diabetic foot
Alternativas para la descarga de la úlcera neuropática en el pie diabético

R. Gallego Estévez, A. Camp Faulí, C. Viel i Blasco, N. Chaqués Salcedo, H. Peñarrocha Fernández
Diabetic Foot Unit. Clínica Virgen del Consuelo. Instituto Valenciano del Pie. Valencia

Date received: October 19th 2010 
Date accepted: October 27th 2010

Correspondence:

R. Gallego Estévez. Unidad de Pie Diabético. Instituto Valenciano del Pie. 
Callosa de Ensarria, 12. 46007 Valencia. E-mail: rgallego@ivpie.es

List of acronyms quoted in the text:

DM: diabetes mellitus; RCWs: removable cast walkers; TCC: total contact cast.



Av Diabetol. 2010;26:457-62

458

cifi c treatment for pressure reduction, 2) patient compliance 

and 3) biomechanics.7

General features of strategies 
for pressure discharge
The general concept that any used device must meet is that it will 

have to vary a factor, either numerator or denominator, of the 

mathematical expression of the pressure. The pressure is ex-

pressed as a ratio where the numerator is the force (Newton) and 

the denominator is the unit of area (cm2); and if the result of the 

ratio is expected to tend to zero, the force applied should de-

crease, or increase the support area so that there is a redistribu-

tion of pressure. But not only have these two factors infl uenced 

on the foot load. There are others, such as the duration and the 

direction of the forces, which will infl uence the onset of overload 

and the risk of appearance of an ulcer. With all that, Guzman, et 

al.8 described a series of ideal features, that strategies for pres-

sure reduction should have (table 1).

Alternatives for pressure discharge
There are multiple different strategies for the plantar pressure re-

duction, many of which are not exclusive of one another, but 

should be applied in a protocol manner as to achieve favorable 

results in ulcers cicatrization (fi gure 1).

Among these strategies we fi nd:

•  Laminar cut of keratopathies.

•  Silicone orthoses.

•  Temporary offl oads.

•  Custom plantar orthosis.

•  Temporary post-operative shoe.

•  Total Contact Cast (TCC).

•  Removable cast walkers (RCWs).

•  Preventive surgery.

Laminar cut of keratopathies
Keratopathies formation is due to a compensation attempt by the 

skin to counteract the excess of local pressure. A keratinocytes9 

proliferation rate increase produces a decrease of its absorption 

capacity, which, together with the presence of a rigid or fl exible 

digital deformity, precedes 82.4% of foot ulcers in patients with 

DM.10 A patient presenting sensory neuropathy and keratopathy 

has an 11 times higher risk of developing lesions than a patient 

without keratopathy, increasing up to 56.8 times if the patient has 

already suffered a previous lesion to the same location.9 All these 

data lead to the development of prevention strategies that will be 

directed towards the screening and appropriate management of 

keratopathies.

It is diffi cult to observe the infl ammatory changes that appear 

on the surrounding areas of the keratopathy. In a study by Ni-

shide et al.10 on the use of thermography and ultrasonography as 

screening methods for chronic infl ammation of the keratopathies, 

infl ammation was localized by thermography, and subsequently 

the severity and tissue damage by ultrasound. These authors were 

able to detect chronic infl ammation in 10% of the keratopathies 

of the group of patients with DM, while in the non-diabetic 

group they did not fi nd any case. Therefore, using these tech-

niques on high-risk patients can be effective as a screening meth-

od for the appearance of foot ulcers.

Regarding the proper keratopathies management, laminar cut-

ting is a simple but effective treatment for pressure reduction. 

According to the study by Slater et al.11 in 14 patients with DM, 

the pressure was reduced by 29% of the initially registered. 

When this treatment was combined with the use of digital sili-

cone orthoses, the reduction increased to 54%. Therefore it is im-

portant for the DM patient to go regularly to the podiatrist for 

control.

Silicone orthosis
Since the 1950’s, Europe began to use different techniques to 

compensate, correct or mitigate the digital alterations present on 

the feet. Silicone is a dual-component polymer belonging to the 

group of elastomers and is mainly made   of silicon. Silicone has 

features which are particularly suitable for the manufacture of or-

thoses, including: 1) its temperature resistance (from –80º C to 

Table 1. Strategies for pressure reduction on a diabetic 
foot8

•  Provide an effective pressure reduction of the ulcer continuously

•  Applicable to different types of patients

•  Do not cause side effects, or if so, that are lesser than the beneficial 

effect sought

•  Easy application

•  Appropriate cost-effectiveness 

•  Allow for the use of other complementary treatments

•  To facilitate patient treatment compliance

Figure 1. Different alternatives of discharge for treating diabetic foot ulcers
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250° C), so it can be sterilized; 2) it is inert, so allergic reactions 

are almost nonexistent; 3) it is hydrophobic; 4) it is nonstick, and 

fi nally, 5) it is fungal and microorganisms resistant.12

Slater et al.11 states that the use of silicone digital orthoses sig-

nifi cantly reduces the pressure to such level in DM patients, 

whether presenting peripheral neuropathy or not. Another study 

by Sciré et al.9 shows that the use of these treatments presents 

good tolerance and safety, and the percentage of treatment com-

pliance by patients is quite high. Consequently, this study con-

cludes that the use of silicone digital orthoses can be considered 

as an effective and safe solution for patients at high risk of ul-

cers, since it allows a redistribution of the maximum in the fore-

foot area.

Temporary discharges
The application of these discharges is a promising method for the 

temporary reduction of plantar pressures in the ulcer area, but 

there are hardly any studies demonstrating its results. To carry 

out this treatment, different or a combination of materials may be 

used, but if we had to highlight one of them for its easy handling, 

cost and good results, adhesive felt would be the one. This felt 

comprises polyester and polyethylene, and has a hypoallergenic 

adhesive layer. It is commercially available in different thick-

nesses, from 1 to 10 mm. Applying the felt around the ulcer with 

a design adapted to the size, location and the patient’s biome-

chanics, performs the offl oad.

This point is the most important in the discharge execution, be-

cause a pattern error may produce treatment failure or worsening 

of the ulcer. To avoid this, a biomechanical study of plantar pres-

sures prior to the start treatment must be performed, in order to 

customize the design (fi gure 2). It would also be advisable to 

make another measurement of pressures once the offl oad felt is 

placed, to check two factors: 1) that there is a selective offl oad of 

the ulcer area, and 2) that there is not an overload in another area 

of the same foot or the collateral, with the consequent risk of a 

new injury.

In a study by Armstrong et al.13 where they assessed offl oads in 

non-diabetic patients without ulcers, it was found that while 

there was a pressure reduction on the opening area of the felt, it 

also appeared an overload and increased shear forces on the pe-

riphery, which they called “edge effect”. To minimize this effect, 

we have to execute offl oads that are in contact with the largest 

possible area of   the sole and set it afterwards.8

Another factor that must be considered is the material physical 

characteristics, since it has very little memory and low yield 

strength, so it is recommended the change after 3-4 days of treat-

ment.14 Our experience at the Instituto Valenciano del Pie is that 

the change of material should not be extended more than 48 

hours to maintain a continuous offl oad of the ulcer. This setback 

could be solved by the combined use of materials such as felt and 

polyethylene foam, both of 0.6 cm thick, as described by Fleis-

chli et al.15, who managed to reduce pressures by 34 and 48% in 

the forefoot and fi rst toe, respectively. In a more recent study by 

Zimny   et al.16 these authors obtained a reduction of approximate-

ly 10 days in ulcer healing on neuropathic feet through the use of 

felt. Finally, note that the adhesive material may cause some al-

lergic reaction and the appearance of lesion adjacent excoriations 

during the change.

Customized plantar orthosis
In this case the offl oad is customized on to the plantar orthosis, 

and it allows us to improve the support and make a redistribution 

of pressures. If until now the design of plantar orthoses for down-

loading the areas at risk of the diabetic foot has been a craftwork 

and little scientifi c, nowadays measurements of pressure inside 

the shoe are more spread, and so the substantial difference be-

Figure 2. Study of 
plantar pressures by 
Novel Pedar X® 
system (Novel
GmbH, Munich, 
Germany), which is 
made to patients as 
to evaluate the 
effectiveness of felt 
discharge
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tween using and not using a custom plantar orthosis can be ob-

served.17 In a study of polyurethane plantar orthoses by Kato et 

al.18, the authors obtained some measurements of increase of the 

contact area by 62.7% and pressure reductions of 56.3%. Also 

Frykberg et al.19 designed a closed-cell thermoplastic copolymer 

plantar orthoses with an anterior wedge, which when properly 

placed back of the metatarsal heads, performed a forefoot pres-

sure download of 48% when used together with a postoperative 

shoe.

Temporary post-operative shoe 
The ideal post-operative shoe should protect the foot during re-

covery from surgery or a lesion. Not only it may be prescribed 

to accommodate sizeable dressings, but also to obtain plantar 

pressure downloads by the elimination of part of the gait pro-

pulsion phase. There are different variants of fl at post-operative 

shoes in the market: with anterior discharge, posterior dis-

charge, with a rocker outsole, etc. Depending on where the sole 

modifi cation is presented, we will obtain the sought offl oad, so 

that if a forefoot injury appears, we will place an anterior of-

fl oad shoe, etc. A remarkable point is the patient’s stability and 

balance assessment before and after the placement of these de-

vices, since often they must be accompanied by the use of oth-

er devices such as crutches, walkers, etc. to ensure adequate 

stability. 

In the study by Fleischli et al.,15 anterior download shoes 

(where the heel area is increased to decrease forefoot forces) 

have always been the third most effective treatment method, af-

ter the TCC (TCC) and the DH pressure relief walker, reducing 

pressure up to 66% while being cost-effective.

Total contact cast 
Dr. Paul Brand often used the total contact cast or TCC in the 

mid 1970’s to offl oad insensitive foot of Hansen’s disease.20 For 

many years this procedure was considered by many experts as 

the reference treatment for neuropathic ulcer offl oad in patients 

with DM.21 The use of TCC for the diabetic foot ulcers healing 

has been well documented in literature and has proven to be ex-

tremely effective, getting to reduce the forefoot maximum pres-

sure by 87%. This effect can be achieved, among other mecha-

nisms, by limiting ankle motion and redistributing the load along 

the device,17 in addition to the guaranteed compliance with treat-

ment because it the patient cannot remove it.

Despite its advantages, TCC has not been widely used because 

its implementation requires training and must be changed every 

7-10 days. The technique consists of applying of a reinforced 

plaster dressing with fi berglass dressing on the foot-ankle-leg 

complex, producing its immobilization. If not properly applied, 

it can cause unwanted effects such as abrasions, burns or iatro-

genic ulcers. In addition, joint stiffness may occur, or even anky-

losis if the immobilization is prolonged and a defi cient night’s 

sleep for the patient.22

Regarding its use on heel ulcers, these are often more prob-

lematic due to the diffi culty of reducing pressure on the posterior 

part of the foot. In a study by Armstrong et al.,23 TCC reduced 

the maximum plantar pressure better the other methods tested 

(pneumatic Aircast Walker and DH pressure relief walker); how-

ever, time of integral pressure on the heel during walk was sig-

nifi cantly lower for the DH pressure relief walker than for the 

TCC or any other method tested.

Removable cast walkers (RCWs)
The prefabricated gait splints, generally called removable cast 

walkers (RCWs) are an alternative to TCC and they maintain the 

ankle joint in a 90° position, limiting the digital propulsion dur-

ing gait and reducing pressure on the foot sole. Initially, this 

product was designed for fracture treatment and has been subse-

quently used to reduce pressure on plantar ulcers. Currently 

there are multiple models in the market that differ from one an-

other in small alternatives, such as the use of different types of 

rocker in the sole, made   modular foot orthosis consisting of lay-

ers of different rigidity that adapts to the actual location of the 

ulcer, pneumatic chambers with vacuum gauges to control com-

pression, etc. These devices are easily applied and allow wound 

inspection and can be used to treat superfi cial infection ulcers. In 

addition, as a reusable treatment, the total cost decreases. It also 

allows patients to perform good personal hygiene and a more 

comforting rest.7

However these same advantages of the RCWs (easy applica-

tion, reutilization and patient satisfaction) are also, paradoxical-

ly, its greatest inconvenience. The possibility of removing the 

device eliminates the feature of “forced compliance”, which is 

the best attribute of TCC.6 Thus, in a study by Armstrong et al.24 

to assess diabetic foot ulcers patient’s activity and the adherence 

of RCWs using a pedometer on the waist, these authors obtained 

usage results in 60%   of daily activity. To address these issues, 

Armstrong et al.25 proposed using RCWs and applying a layer of 

fi berglass so that the patient could not remove the device, calling 

it “instant TCC” (i-TCC). In another study by Piaggesi et al.6 

they used a RCW that has a plastic cord that can only be re-

moved by a specifi c cutting tool, making it non-removable by the 

patient. These studies confi rm the effi cacy and safety of RCWs 

and their ability to manage diabetic foot ulcers at the same level 

as the TCC, while solving the lack of treatment compliance by 

patients.

Preventive surgery
Any treatment plan that we use in these patients is intended to 

reduce the areas of increased pressure. The arsenal of orthopedic 

variants described can achieve this. But if these therapies do not 

obtain a good result, the second alternative may be the preven-

tive surgery. This surgery aims to correct structural deformities 

and limit joint mobility that are associated with increased plantar 

pressures and increased risk of foot ulcers. Several prospective 

controlled studies have shown that surgical procedures such as 

Achilles tendon lengthening, metatarsophalangeal joint arthro-

plasty and metatarsal head resection may have some value in 

healing in DM patients with forefoot area ulcers.26-30
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Armstrong et al.27 concluded that percutaneous lengthening of 

Achilles tendon in DM patients signifi cantly reduced about by 

27% the plantar pressure in the forefoot area. Also Mueller et 

al.,30 in 2003, compared two groups of DM patients, one treated 

by TCC plus an Achilles tendon lengthening, and the other treat-

ed with a TCC splint. The fi rst group patients healed in 100% of 

the cases, with a 75% reduction of recurrences at 7 months and a 

52% less at 2 years compared to the second group.

However, surgery in these DM patients should be taken with 

caution as a foot, whether is well perfused or ischemic, must be 

regarded as at high risk for ulcer1. According to Steven Kravitz, 

Executive Director of the American Professional Wound Care 

Association, “the decision to perform surgery as a preventive 

measure should only be taken after a thorough evaluation and a 

precise diagnosis based in the patient’s medical records, current 

status, the physical assessment of the risk zone, the analytical 

and image tests”. Although the surgical procedure can be effec-

tive for the ulcer healing, more prospective and controlled stud-

ies are needed to defi ne better the role of surgery compared with 

conservative treatment before its widespread use can be recom-

mended.17

Conclusions
Retrospective and prospective studies have shown that high plan-

tar pressure is a causal factor in the development of plantar ulcers 

in DM patients, and ulceration is often a precursor to lower ex-

tremity amputation. However, there is a gap between evidence-

based guidelines and regular practice, as only 41% of ulcers in 

the U.S. and 34% in Europe were treated using an offl oad de-

vice.17 The international work group on diabetic foot has devel-

oped specifi c guidelines based on evidence about the use of 

shoes and offl oads for the prevention and healing of diabetic foot 

ulcers.

The recommendations for the use of discharge in treating of 

uncomplicated neuropathic plantar ulcers are:

1.  Relieve pressure on the ulcers should always be part of the 

treatment plan.

2.  The TCC and non-removable RCW are the interventions of 

choice, although the clinician should take into account possi-

ble adverse effects of these devices.

3.  Anterior offl oad shoes may be used when above the ankle de-

vices are contraindicated or are not tolerated by the patient.

4.  Standard shoes should not be used, as other devices are more 

effective.17

We must not forget that the treatment does not end with the ulcer 

closure, and offl oads should be subsequently applied for defi ni-

tive treatments and of a preventive nature, such as the plantar or-

thosis and custom shoes. ■

Declaration of potential confl icts of interest
The authors of this article state that there are no confl icts of interest as 
regards to this article.

References
1. De Alcalá D, Guirao X, Blanes I, Lozano F, Barberán J, García-Rodríguez JA, et al. 

Documento de consenso sobre el tratamiento antimicrobiano de las infecciones 
en el pie del diabético. Rev Esp Quimioter. 2007;20:77-92.

2. Young MJ, Boulton AJ, Williams DR, McLeod AF, Sonksen PH. A multi-centre 
study of the prevalence of diabetic neuropathy in patients attending UK diabetic 
clinics. Diabetologia. 1993;36:150-4.

3. Boulton AJM. The importance of abnormal foot pressure and gait in causation of 
foot ulcers. In: Connor H, Boulton AJM, Ward JD, eds. The foot in diabetes. 
Chilchester: John Wiley and Sons, 1987;11-26.

4. Armstrong DG, Lavery LA, Bushman TR. Peak foot pressures infl uence the healing 
time of diabetic foot ulcers treated with total contact cast. J Rehabil Res Dev. 
1998;35:1-5.

5. Wrobel JS, Birkmeyer NJ, Dercoli JL, Connolly JE. Do clinical examination 
variables predict high plantar pressures in the diabetic foot? J Am Podiatr Med 
Assoc. 2003;93:367-72. 

6. Piaggesi A, Macchiarini S, Rizzo L, Palumbo F, Tedeschi A, Nobili LA, et al. 
An off-the-shelf instant contact casting device for the management of diabetic foot 
ulcers: a randomized prospective trial versus traditional fi berglass cast. Diabetes 
Care. 2007;30:586-90.

7. Wu SC, Armstrong DG. The role of activity, adherence, and offl oading on the 
healing of diabetic foot wounds. Plast Reconstr Surg. 2006;117 Suppl 
7:248S-53S.

8. Guzman B, Fisher G, Palladino SJ, Stavosky JW. Pressure-removing strategies in 
neuropathic ulcer therapy. An alternative to total contact casting. Clin Podiatr Med 
Surg. 1994;11:339-53.

9. Scirè V, Leporati E, Teobaldi I, Nobili LA, Rizzo L, Piaggesi A. Effectiveness and 
safety of using Podikon digital silicone padding in the primary prevention of 
neuropathic lesions in the forefoot of diabetic patients. J Am Podiatr Med Assoc. 
2009;99:28-34. 

10. Nishide K, Nagase T, Oba M, Oe M, Ohashi Y, Lizaka S, et al. Ultrasonographic and 
thermographic screening for latent inflammation in diabetic foot callus. Diabetes 
Res Clin Pract. 2009;85:304-9. 

11. Slater RA, Hershkowitz I, Ramot Y, Buchs A, Rapoport MJ. Reduction of digital 
plantar pressure by debridement and silicone orthosis. Diabetes Res Clin Pract. 
2006;74:263-6.

12. Levy A. Materiales técnicos en podología. In: Levy A, Cortés JM. Ortopodología 
y aparato locomotor. Ortopedia de pie y tobillo. Barcelona: Masson, 2003;
69-122.

13. Armstrong DG, Athanasiou KA. The edge effect: how and why wounds grow in 
size and depth. Clin Podiatr Med Surg. 1998;15:105-8.

14. Zimny S, Reinsch B, Schatz H, Pfohl M. Effects of felted foam on plantar pressures 
in the treatment of neuropathic diabetic foot ulcers. Diabetes Care. 
2001;24:2153-4. 

15. Fleischli JG, Lavery LA, Vela SA, Ashry H, Lavery DC. Comparison of strategies for 
reducing pressure at the site of neuropathic ulcers. J Am Podiatr Med Assoc. 
1997;87:466-72.

16. Zimny S, Schatz H, Pfohl U. The effects of applied felted foam on wound healing 
and healing times in the therapy of neuropathic diabetic foot ulcers. Diabet Med. 
2003;20:622-5. 

17. Cavanagh P, Bus S. Off-loading the diabetic foot for ulcer prevention and healing. 
J Am Podiatr Med Assoc. 2010;100:360-8. 

18. Kato H, Takada T, Kawamura T, Hotta N, Torii S. The reduction and redistribution of 
plantar pressures using foot orthoses in diabetic patients. Diabetes Res Clin Pract. 
1996;31:115-8. 

19. Frykberg RG, Bailey LF, Matz A, Panthel LA, Ruesch G. Offloading properties 
of a rocker insole. A preliminary study. J Am Podiatr Med Assoc. 
2002;92:48-53.

20. Sinacore DR, Mueller MJ, Diamond JE, Blair III VP, Drury D, Rose SJ. Diabetic 
plantar ulcers treated by total contact casting: a clinical report. Phys Ther. 
1987;67:1543-9.

21. Boulton AJ. Pressure and the diabetic foot: clinical science and offl oading 
techniques. Am J Surg. 2004;187:17S-24.

22. Sinacore DR. Total contact casting for diabetic neuropathic ulcers. Phys Ther. 
1996;76:286-95.

23. Armstrong DG, Stacpoole-Shea S. Total contact casts and removable cast 
walkers. Mitigation of plantar heel pressure. J Am Podiatr Med Assoc. 
1999;89:50-3.



Av Diabetol. 2010;26:457-62

462

24. Armstrong DG, Lavery LA, Kimbriel HR, Nixon BP, Boulton AJ. Activity patterns 
of patients with diabetic foot ulceration: patients with active ulceration may not 
adhere to a standard pressure off-loading regimen. Diabetes Care. 
2003;26:2595-7.

25. Armstrong DG, Short B, Espensen EH, Abu-Rumman PL, Nixon BP, 
Boulton AJM. Technique for fabrication of an “instant total contact cast” for 
treatment of neuropathic diabetic foot ulcers. J Am Podiatr Med Assoc. 
2002;92:405-8. 

26. Rosenbloom AL, Silverstein JH, Lezotte DC, Richardson K, McCallum M. Limited 
joint mobility in childhood diabetes mellitus indicates increased risk for 
microvascular disease. N Engl J Med. 1981;305:191-4. 

27. Armstrong D, Stacpoole-Shea S, Nguyen H, Harkless LB. Lengthening of the 

Achilles tendon in diabetic patients who are at high risk for ulceration of the foot. 
J Bone Joint Surg Am. 1999;81:535-8.

28. Armstrong D, Rosales M, Gashi A. Effi cacy of fifth metatarsal head resection 
for treatment of chronic diabetic foot ulceration. J Am Podiatr Med Assoc. 
2005;95:353-6.

29. Armstrong DG, Lavery LA, Vázquez JR, Short B, Kimbriel HR, Nixon BP, et al. 
Clinical effi cacy of the first metatarsophalangeal joint arthroplasty as a curative 
procedure for hallux interphalangeal joint wounds in patients with diabetes. 
Diabetes Care. 2003;26:3284-7. 

30. Mueller MJ, Sinacore DR, Hastings MK, Strube MJ, Johnson JE. Effect of Achilles 
tendon lengthening on neuropathic plantar ulcers: a randomized clinical trial. 
J Bone Joint Surg Am. 2003;85:1436-45.


