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D
iabetes is a worldwide epidemic that 
affects over 400 million people.1 
Complications of diabetes are systemic, 
with marked increases in the frequency of 
peripheral vascular disease, retinopathy, 

nephropathy and peripheral neuropathy.2,3 A major 
challenging clinical scenario faced by healthcare 
providers in treating the people with diabetes is the 
management of neuropathic foot ulceration, which is 
expected in about 25% of the diseased population.4 

Diabetic foot ulcers (DFU) most often develop on 
the plantar surface where focal stress and hypoesthesia 
lead to undetected trauma on the affected anatomy, 
resulting in skin breakdown and ulceration.5 The 
most frequent area of increased pressure plantarly 
is the forefoot, which correlates with the most 
common sites of neuropathic ulceration.6,7

The majority of these wounds develop an infection, 
and about 20% of neuropathic ulcers will necessitate 
amputation.4 In 2017, medical care for diabetes was 
estimated at around $327 billion USD globally, 
with DFUs comprising about 33% of the cost.8,9 

In the US, DFUs alone cost between $9–13 billion 
USD annually, with money often spent on ineffective 
and costly products.10 Even after ulcer resolution, 
Shrepnek et al. calculated that 40% of patients will 
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Abstract
Objective: The gold standard for offloading 
neuropathic forefoot and midfoot wounds is 
the total contact cast (TCC). However, in 
practice TCC is rarely used and is 
contraindicated in patients with fluctuating 
oedema, poor perfusion, lack of adequate 
tissue oxygenation and morbid obesity. It 
can also be too restrictive for patients, 
inevitably resulting in treatment rejection 
and delayed healing. This paper examines 
the role of shoe-based offloading devices  
as an alternative in reducing plantar 
pressure and optimising the healing of 
neuropathic ulcers. 
Method: Healthy subjects were recruited 
and fitted for two types of pixelated insoles: 
PegAssist (PA) insole system (Darco 
International, US) and FORS-15 (FORS) 
offloading insole (Saluber, Italy). An area of 
discreet, elevated high pressure was created 
by adding a 1/4-inch-thick felt pad to the 
plantar skin under the first metatarsal head. 
Subjects walked barefoot in surgical shoes 
with standard insoles (Condition 1), barefoot 
in pixelated insoles (Condition 2), barefoot 
with pixels removed (Condition 3). Dynamic 
plantar pressures were measured using 
F-Scan and the results were analysed to 
determine plantar pressure changes in  
each condition.  
Results: Using PA, the percentage reduction 
of plantar pressure (kPa) under the first 
metatarsal between Condition 1 and 
Condition 2 was 10.54±15.81% (p=0.022), 
between Condition 2 and Condition 3 was 
40.13±11.11% (p<0.001), and between 
Condition 1 and Condition 3 was 
46.67±12.95 % (p<0.001). Using FORS, the 
percentage reduction between Condition 1 
and Condition 2 was 24.25±23.33% 
(p=0.0029), between Condition 2 and 
Condition 3 was 23.61±19.45% (p<0.001), 
and between Condition 1 and Condition 3 
was 43.39±18.70% (p<0.001). A notable 
difference in the findings between the two 
insoles was the presence of a significant 
edge effect associated with PA, indicating 
that the offloading was not entirely 
successful. No edge effect was detected  
with FORS.  
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device, illustrates the need for additional data 
establishing the effectiveness of shoe-based systems. 
A set of criteria needs to be developed to better define 
wounds that can be safely treated with a shoe-based 
device, as well as reimbursement evaluations for the 
devices, so patients are not without some form of 
offloading entirely. 

Recently, our clinic began evaluating pixelated 
insoles for offloading plantar DFUs. The FORS-15 
insole (FORS, Saluber, Italy) and the PegAssist insole 
offloading system (PA, DARCO International, US) 
are used for patients who do not qualify for or reject 
offloading with non-removable devices and for use 
during the transitional phase after patients come out 
of their non-removable device. These shoe-based 
devices can be inserted into a specially designed depth 
shoe, a surgical shoe or even a removable cast walker. 

As research performed on in-shoe devices is 
limited, the purpose of this study was to determine 
the efficacy of pixelated insoles in offloading high-
pressure areas at the forefoot.17 We evaluated how the 
FORS compares with the PA in offloading an area 
of high-pressure created at the first metatarsal head. 
We additionally present four patient cases in which 
the FORS was used to demonstrate the potential of 
pixelated insoles in healing neuropathic DFUs. These 
cases are intended to be examples of patient scenarios 
that might benefit from pixelated insoles. 

Methods
Plantar pressure comparison between FORS 
insoles and PA insoles
This comparative study of two pixelated insoles 
was reviewed and approved by an institutional 
review board. Because this was a minimal risk 
study, informed verbal consent was obtained 
from the subjects for their involvement and use 
of their photographs for publication. All risks and  
benefits of the study were explained to individuals 
before participating. 

All chosen participants attended the Temple 
University School of Podiatric Medicine and 
were healthy adults from the Philadelphia area, 
who ambulated without the use of an assistive 
device and who had volunteered to participate 
in the study. Participants were excluded from the 
study if they had undergone surgery to the right 
first metatarsophalangeal joint within six months 
before the start of the study or had any appreciable 
abnormality to the first metatarsal that may alter 
their gait pattern. Participants were equally split 
into two groups: one group using PA and one group 
using FORS.

have a recurrence in one year, reaching up to 65% of 
patients within five years.11 As a result, effective and 
lasting treatments continue to be an ongoing issue.

Offloading vulnerable areas of the plantar 
surface is a fundamental component of the standard 
of care (SoC) in the treatment and prevention of 
neuropathic plantar ulcers. The current recognised 
‘gold standard’ for offloading a plantar DFU is the 
total contact cast (TCC). However, it is reported 
that only 6% of patients with DFUs are offered 
this treatment.12 Numerous reasons have been cited 
for the underuse of TCCs, which range from low 
financial compensation to poor patient adherence 
and even physician unfamiliarity with its application. 
More commonly used offloading methods include 
crutches, removable cast walkers, shoe modifications, 
orthopaedic boots, surgical shoes, custom  
shoes and orthotics.13 

In the US, the TCC is the only plantar offloading 
device for which reimbursement is provided when 
the sole diagnosis is a plantar DFU. Regardless, 
many physicians prefer non-reimbursed alternatives 
such as removable cast walkers or surgical shoes, 
which are more readily accepted by patients as they 
shorten application times and provide patients with 
more independence.14 Although devices such as 
removable cast walkers reduce plantar pressure at 
rates comparable to TCCs, Armstrong et al. indicated 
that removable cast walkers were not as effective as 
TCCs in successfully closing DFUs unless they were 
affixed to the patient in such a way that the removable 
cast walker could not be removed.14 When allowed 
to remove the devices, patients did not adhere with 
offloading times due to the inconvenience of wearing 
a bulky removable device.15,16The failure of many 
physicians to use the TCC, and the likelihood that 
they will use a shoe-based system or a removable 

Conclusion: Our current analysis shows that 
pixelated insoles exhibit potential for 
supplemental offloading in surgical shoes. 
These devices could provide an alternative way 
for physicians to offload plantar wounds and 
expedite closure for patients that cannot 
tolerate a TCC or other restrictive devices.
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Case examples: using FORS  
to expedite wound healing 
Case studies (n=4) were selected from the 
University of Pittsburgh Medical Center at Altoona, 
Pennsylvania. All individuals gave written informed 
consent for the publication of their case details. Any 

Participants were asked to walk under three 
different conditions:

 n Condition 1 was barefoot in a surgical shoe 
(DARCO International, US) 

 n Condition 2 was barefoot in a surgical shoe with 
an unmodified pixelated insole (15 with PA/15 
with FORS) 

 n Condition 3 was barefoot in a DARCO surgical 
shoe with a modified pixelated insole (15 with 
PA/15 with FORS) with pegs removed under the 
designated area of high-pressure (Fig 1c). The pixels 
in Condition 3 were removed at the discretion of 
the clinician as they would normally remove them 
in a clinical situation to offload pressure from a 
bony prominence on the plantar aspect of the foot.  
In all three conditions, a designated area of high-

pressure was created by the addition of a 0.25 inch-
thick, 1.5 inch circle of skived adhesive felt on the 
plantar aspect of the first metatarsal head (Fig 1a). 

During each trial, participants were instructed 
to walk (Fig 2), and dynamic plantar pressures 
were collected at 100Hz using the F-Scan in-
shoe dynamic pressure measuring system and 
software (TekScan, US). Pressures ranging from 
30–1500kPa were collected using 1000 resistive 
sensors in an aligned array. For each walk, five mid-
gait steps were identified and pressure distributions 
were calculated for a total of 15 steps for each 
participant. Peak contact pressure was determined 
using the TekScan analysis system, and the average 
percentage change and the average percentage 
deviation in the pressure of all three conditions 
were calculated and compared. A paired, two-tailed 
t-test was then performed to compare the average 
percentage changes among all conditions. A p-value 
was then calculated to evaluate for significant 
change, which was defined as p<0.05. 

Fig 1. Felt application to the first metatarsal head (a). Surgical shoe insole (left), PegAssist offloading insole with pixels 
removed (middle), FORS-15 offloading insole (FORS) with pixels removed (right) (b). DARCO surgical shoe with FORS 
replacement (c)

b ca

Fig 2. Plantar pressure measurement using F-Scan 
in-shoe measuring system placed in a standard DARCO 
surgical shoe 
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identifying information was anonymised to protect 
patient confidentiality.

All patients were selected for shoe-based 
offloading because they had neuropathic forefoot 
DFUs and palpable pulses. Patients were 
additionally non-adherent or intolerant of previous 
offloading recommendations, including TCC 
application. All patients were able to weightbear 
as tolerated in a flat bottom surgical shoe without 
difficulty or fall risks. The selected individuals were 
managed regularly with standard wound care that 
included cleansing, debridement, infection control, 
and dry-sterile dressings. No patient underwent 
advanced wound care, such as cellular-based 
products or hyperbaric oxygen therapy. At every 
visit, each wound was assessed for tissue viability, 
area, volume and signs of complications. Treatment 
plans were altered when necessary to accommodate 
individual needs, but all individuals remained in 
FORS throughout the duration of the collected 
measurements. Images were taken before and after 
treatment. No follow-up assessment was performed 
after wound closure.

Results 
Plantar pressure comparison between  
FORS and PA 
In the group using FORS, data from 13/15 (86.7%) 
healthy male adults were used and two participants 
(13.3%) were excluded due to technical reasons. For 
the PA data, 11 (73.3%) healthy male adults and 

four (26.7%) healthy female adults were used in  
the analysis. 

Using PA, the percentage change of plantar 
pressure (kPa) under the first metatarsal between 
Condition 1 and Condition 2 was 10.54±15.81% 
(p=0.022). Between Condition 2 and Condition 
3 and between Condition 1 and Condition 3, 
the percentage changes of plantar pressure were 
40.13±11.11% (p<0.001) and 46.67±12.95% 
(p<0.001), respectively (Fig 3). 

Using FORS, the percentage change of plantar 
pressure (kPa) under the first metatarsal baetween 
Condition 1 and Condition 2 was 24.25±23.33% 
(p=0.0029). Between Condition 2 and Condition 
3 and between Condition 1 and Condition 3, 
the percentage changes of plantar pressure were 
23.61±19.45% (p<0.001) and 43.39±18.70% 
(p<0.001), respectively (Fig 4). 

Case examples 
Patient 1 
A 77-year-old male with a long-standing history of 
non-adherence and morbid obesity, who presented 
with a DFU under the fifth metatarsal (Fig 5). Medical 
history included type 2 diabetes, insulin dependent 
with peripheral diabetic neuropathy, atherosclerosis 
of the lower extremities, and cardiovascular disease. 
He had a normal ankle-brachial index (ABI), and 
his HbA1c levels were around 8.1%. The DFU was 
present for approximately six months before being 
transferred into FORS after previous failure with 

Fig 3. Plantar pressure (kPa) under the first metatarsal of all three conditions using the PegAssist insole system (PA). The lowest plantar pressure 
measurement recorded on any of the 15 participants was seen with the modified PA insole. However, when examining edge effect, pressures 
recorded for the PA exhibited the highest pressure recordings in the entire study (participant 5) across all conditions and participants 

kP
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both a TCC and a short controlled ankle motion 
walking boot fitted with PA. FORS was introduced 
when the DFU measured 1.5x1.0x0.1cm (length 
x width x depth). At two weeks after introduction 
of FORS, the DFU measured 0.5x1.0x0.1cm. The 
wound eventually closed about four weeks after 
starting use of FORS.

Patient 2 
A 72-year-old male with type 2 diabetes presented 
for a routine podiatry care appointment, but was 
found to have a DFU underneath the right hallux 
(Fig 6). The patient’s medical history included type 2 
diabetes with atherosclerosis of the lower extremities, 
dementia, venous insufficiency and coronary artery 
disease. His HbA1c level was around 6.6% and his 

Fig 4. Plantar pressure (kPa) under the first metatarsal of all three conditions using the FORS-15 insole (FORS). For 12/13 participants, plantar pressure 
values in Condition 1 were consistently higher than values of both Condition 2 and Condition 3. Condition 3 demonstrated the least contact pressure 
under the first metatarsal. No substantial differences in edge pressure were detected

kP
a
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Fig 5. Case 1, a 77-year-old male with a diabetic foot ulcer (DFU) under the fifth metatarsal. At initial presentation, DFU size 1.5x1.0x0.1cm (a); DFU 
closure (b); and percentage change in ulcer area and volume (c)
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ABI was within normal limits. After inspection and 
measurement of the DFU, the patient was placed in 
FORS at his follow-up visit at the wound clinic. The 
initial measurement of the DFU was 1.2x0.4x0.6cm 
(length x width x depth). At approximately six weeks’ 
the ulcer measured 0.6x0.1x0.2cm. The DFU 
eventually healed at approximately 12 weeks after 
starting use of FORS.

Patient 3
This patient was a 60-year-old male who presented 
with a wound under the right first metatarsal (Fig 7) 
in 2017. His medical history included alcoholism, 
alcoholic polyneuropathy, alcoholic cirrhosis of the 
liver and hypertension. The patient had an extensive 
history of various plantar wounds and non-adherence 
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patient was dispensed FORS to treat his wound. 
The initial measurement of the wound at the start 
of using FORS was 0.5x0.3x0.1cm (length x width 
x depth). At approximately four weeks, measurement 
showed a reduction in wound size to 0.6x0.4x0.1cm. 
Approximately 11 weeks after starting use of FORS, 
the DFU was completely healed.

Patient 4
A 58-year-old male with uncontrolled type 2 diabetes 
presented with a neuropathic plantar ulcer of the 
left hallux (Fig 8) in 2017. His ABI was normal, 
although further arterial studies showed mild small 
vessel disease noted in the left hallux. The patient’s 
medical history also included stage 1 kidney disease, 
non-adherence, hypertension, coronary artery 
disease with coronary bypass grafting (CABG), 

as well as foot/ankle pain and lymphoedema. 
During this course of wound management, he was 
hospitalised for cellulitis and possible osteomyelitis 
in his right foot based on initial X-ray imaging 
and blood work. Multi-scan testing did not show 
osteomyelitis, but it did indicate a neuropathic 
ankle joint with a possible stress fracture at the heel. 
Upon completion of his hospitalisation for cellulitis, 
the patient returned to our clinic for continued 
management of the ulcer under his first metatarsal. 
The patient had previously been provided a standard 
(flat bottom) postoperative shoe to offload the wound 
because he refused to have a TCC and lymphoedema 
prevented him from fitting into a controlled ankle 
motion walking boot. He also stated that he had 
balance issues, which made him at risk of falling in 
any wedged forefoot relief shoe. Consequently, the 

Fig 6. Case 2, a 72-year-ol male with an ulcer diabetic foot ulcer (DFU) under the right hallux. At initial presentation, ulcer size 1.2x0.4x0.6cm (a); DFU 
closure (b); and percentage change in DFU area and volume (c)
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Fig 7. Case 3, a 60-year-old male with an ulcer under the right first metatarsal. At initial presentation, ulcer size 0.5x0.3x0.1cm (a); ulcer closure (b); and 
percentage change in ulcer area and volume (c)

Pe
rce

tn
ag

e c
ha

ng
e

Weeks
0 2 4 6 8 10

–100%

–50%

–0%

–50%

–100%

Area Volumeba c

146 May 2021  |  Volume 5, Issue 2

PRACTICE

© 
20

21
 M

A H
ea

lth
ca

re
 lt

d



smoking and a body mass index (BMI) of 40.44kg/
m2. The patient was not a candidate for TCC due to 
obesity and history of non-adherence. He was instead 
provided with a FORS insole and inlay surgical shoe 
at the initial appointment. However, in subsequent 
appointments, he presented wearing sneakers. The 
DFU remained unhealed for 22 weeks before he 
eventually agreed to wear the FORS at all times and 
the DFU at this point measured 0.2x0.4x0.3cm. 
After approximately six weeks of strict adherence to 
wearing FORS, the DFU measured 0.2x0.2x0.2cm, 
and had fully resolved two weeks later. 

Discussion 
The under-use of TCCs is well-established in existing 
literature. Across the US, in 2010, TCC was used 
regularly in only 6% of wound care clinics.13 
Despite higher healing rates achieved using TCC, 
skin substitutes bring a much greater return on 
financial investment prompting more frequent 
usage.13 However, reimbursement concerns are 
not the principal reason for under-use of the TCC. 
In a study involving 901 foot clinics, physicians 
most frequently cited patient intolerance as their 
justification for not using the TCC.18 If physicians 
and patients are resistant to the use of the TCC, 
despite its ‘gold standard’ standing, then other 
offloading modalities must be seriously considered 
to improve the use of offloading therapy in the US.

In each of the cases described in this paper, 
FORS was chosen to replace the TCC. There were a 
number of reasons why FORS was chosen over the 
PA, the most important of which was the materials 
used in its construction and the thickness of the 
insole. The offloading capacity of FORS results from 

construction that includes multiple layers of Poron 
(Rogers Corporation, US) of variable densities. Soft 
and medium-density Poron layers (2mm and 3mm 
thickness) are permanently bonded to the top of 
a thin fabric support material. A 9.5mm layer of 
Poron is also  bonded to the bottom of the fabric. 
The thick bottom layer of Poron is pre-cut into 
10mm2 pixels that can be removed easily using just 
fingers up to and including the edges to facilitate 
segmental offloading. The top layer is covered with 
a soft suede-like foot-insole interface. 

Poron is a material that completely rebounds 
following compression and maintains its offloading 
capacity over significant periods of time due to its 
resistance to dynamic molding or deformation 
(compaction). In contrast, Plastazote (Zotefoams 
plc, UK) and similar polyethylene foams blown 
with nitrogen, and ethylene-vinyl acetate (EVA) 
compact relatively quickly with pressure and 
warmth, decreasing their ability to offload 
effectively over time.19

The PA insole is constructed from a 3mm Poron 
top layer which is adhered via tacky adhesive to a 
14mm thick composite mid-layer. The mid-layer 
consists of an upper layer of 4mm Plastazote bonded 
to 10mm EVA. The interior of the Plastazote/EVA 
midlayer is pre-cut into 10mm removable hexagonal 
‘pixels’ (pegs) to enable targeted offloading. The 
circumference of the Plastazote/EVA midlayer is not 
cut into pixels to create an intact perimeter frame 
with a width of 1.3–1.5cm to stabilise the interior 
pixels that are removed from the bottom of the 
insole. The interior pixels are primarily supported 
by neighboring segments and when removed lead 
to instability of the remaining pixels. A 1mm thick 

Fig 8. Case 4, a 58-year-old male with an ulcer under the left hallux. At initial presentation, ulcer size 0.2x0.4x0.3cm (a); ulcer closure (b); and percentage 
change in ulcer area and volume (c)
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‘stabiliser board’ constructed from paperboard with 
a tacky adhesive on the dorsal surface is applied to 
the bottom of the PA after pegs have been removed 
to reduce peg mobility.

Because the FORS insole primarily consisted 
of Poron, they were believed to better endure 
compaction and provide lasting pressure reduction 
during wound healing as compared with the PA 
insole. As a result, FORS was selected for use in 
the four case studies.

Each of the patient’s DFUs were of a reasonable 
size and depth to be considered for a shoe-based 
system. By using FORS in a shoe-based system, 
we were able to enhance patient adherence and 
obtain closure of the DFUs. In the four case studies 
presented, all patients were successfully treated  
with standard wound care and offloading 
using FORS. When previous attempts at DFU 
closure failed, we were able to achieve healing by  
optimising adherence in a device with empirical 
offloading potential. 

Our comparison study evaluated the efficacy 
of the two commercially available pixelated insole 
devices in offloading the right first metatarsal head. 
Our findings indicate that with pixels removed to 
relieve pressure (Condition 3), PA (p<0.01) and 
FORS (p<0.01) each demonstrated a significant 
pressure reduction when compared with the data 
of Conditions 1 and 2. 

A notable finding of the PA insoles was the 
presence of a marked ‘edge effect’ at the medial 
aspect of the first metatarsal head (Fig 3) in 
Condition 3. Armstrong et al. described ‘edge effect’ 
as an increased area of pressure at the edge of the 
DFU, which is prone to a combination of repetitive 
vertical and shear stress forces, potentiating tissue 
breakdown.20 Areas exhibiting edge effect recorded 
pressure measurements that were comparable to 
the average contact pressure of Condition 2, where 
the insole was evaluated with none of the pixels 
removed, indicating that the offloading was not 
entirely successful. The PA is built with a non-
removable ‘frame’ of EVA material around the 
circumference of the bottom of the insole (Fig 1b) 
that limits offloading at the edge of the insoles by 
simple pixel removal. In contrast, there is no frame 
on FORS, and pixels can be removed entirely at 
the edge, eliminating the problem of edge effect.  
While both devices significantly reduce pressure 
at the first metatarsal head, the edge effect  
exhibited by PA may act as a hindrance to wound 
healing if the patient is repeatedly exposed to this 
high-pressure area. 

Between Conditions 1 and 2, neither PA 
(p=0.24) nor FORS (p=0.23) showed significant 
reductions in plantar pressure over the standard 
insole found in the DARCO surgical shoe. 
Clinicians who rely on the insoles alone should 
note that unless the relevant pixels are removed, 
such insoles are unlikely to produce any appreciable 
therapeutic pressure reduction. 

Both the PA ad FORS insole devices used in this 
study demonstrated significant pressure reduction for 
an area of excess pressure on the plantar foot. However, 
‘edge effect’ seen along the borders of the PA insole 
must be addressed and is a concern regarding the use 
of this offloading device. The time it takes to heal a 
diabetic plantar ulcer is considerable and construction 
materials that are known to be prone to compaction 
and ‘bottoming out’, such as Plastazote and EVA 
should lead clinicians to choose devices constructed 
from materials known to be less likely to lose their 
offloading capacity over time, such as Poron.

Despite the array of literary data recommending 
the use of the TCC, the majority of physicians use 
shoe-based devices, which are considered the least 
effective method to offload DFUs.18 McGuire et al. 
coined the term ‘reverse gold standard’ in reference 
to this practice, highlighting the disparity of research 
in the face of clinical practice.21 If most health 
professionals insist on using a shoe-based system for 
offloading, even with substantial evidence supporting 
the outcomes of TCC, it is reasonable to suspect 
that there must be a significant group of patients 
benefitting from shoe-based offloading. It is the aim 
of this analysis and studies to follow to demonstrate 
a system of evaluative tools that could be used to 
identify patients who would benefit from a shoe-based 
system. Our research and case studies demonstrate 
that with proper offloading, adherence and standard 
wound care, patients have the potential to heal 
without a TCC and other more expensive wound 
care technologies. Applying the Temple University 
Off-Loading Classification System22,23 and validated 
risk assessment tools (Lavery Armstrong Foot Risk 
Classification24) patients can be chosen that would 
benefit from a pixelated insole such as the offloading 
devices used in this study. Clinicians can expand their 
offloading choices, provide a safe alternative to the 
TCC, and reduce unnecessary expenses for patients 
with low-risk forefoot ulcers. 

Limitations 
The clinical case examples were selected to highlight 
positive clinical results that were achieved using 
the FORS. The presented cases were not part of a 
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randomised controlled trial and only successful cases 
were presented. The number of cases presented was 
not intended to draw statistical conclusions or to 
represent a clinical  trial.

Limitations of our plantar pressure comparison 
study included the homogenous nature of the subjects 
in both data sets and by having mostly healthy male 
participants our analysis was only able to represent 
one gender type and was also likely to underrepresent 
the incidence of obesity among the population of 
patients with diabetes. The participants were also 
not randomised, and the number of participants was 
low, leading to an underpowered study. Additionally, 
given the wide average standard deviation of plantar 
pressure changes amongst all conditions, the 
participants were likely not allotted enough time to 
adjust to the surgical shoes and insoles. Each subject 
recorded large peak pressure variances as a result. The 
brief period of time over which plantar pressure data 

was collected also precluded measuring suspected 
changes in offloading performance between the two 
products due to differences in materials used in their 
construction. Also, the comparison study did not 
prospectively measure clinical results versus the two 
pixelated insoles or standard of care. Future studies 
should include a prospective clinical evaluation, 
and a longitudinal wear study focused on changes 
in pressure relief over time. 

Conclusion
Our data and case studies suggest that pixelated 
insole devices are effective in offloading forefoot 
wounds. Specific patients based on measurable 
risks can be safely placed in a shoe-based system 
and be expected to heal in a reasonable period 
of time. Shoe-based offloading devices should, 
therefore, be considered in the management of these  
neuropathic wounds. n
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WE’RE ‘MISSING THE TARGET’ WITH 
TREATMENT OF DIABETIC FOOT ULCERS

I
t’s been a tough year in healthcare, and it’s 
likely many of us don’t remember the details 
of the last wound care lecture we attended. 
But if we were to look through the schedules 
of most meetings held the past few years, I am 

fairly certain that almost all of the seminars related 
to healing diabetic foot ulcers have been focused on 
‘advanced wound care’ technologies, for example,  
hyperbaric oxygen, cellular tissue products, biofilm 
inhibitors, negative pressure therapy, etc.

However, what is lost in the allure of these 
advance technologies is the reality that there are far 
more diabetes related non-traumatic lower extremity 
amputations (NLEAs) occurring in the US today 
than there were 15 years ago. In fact, a recent study 
showed that the rate of NLEAs  increased about 
60% between 2009–2015, versus 2000–2009.  So, 
how is it possible with these powerful therapies 
available to us, the most important goal is clearly 
not being met, for example, avoiding NLEAs?

Well, as with most things, the answer is 
complicated and there is not much consensus. 
Arguably, there are underlying social, economic and 
historical factors that have resulted in a significant 
portion of our population having insufficient access 
to preventative care, medications, a balanced diet 
and exercise, etc. Arguably, there are gaps and 
anomalies in healthcare reimbursement that offer 
practitioners greater incentives for performing 
surgical interventions and using advanced wound 
care technologies; and minimal incentive to provide 
basic wound care. However, this is not intended to 
be a deep dive into these structural issues. The point 
of this issue of Wound Central is to discuss how 
a specific gap in front-line practice is negatively 
impacting clinical care - and outcomes; and to 
discuss some immediate and longer term steps to 
close this gap. 

In particular, when presented with a plantar 
diabetic foot ulcer, ‘offloading’ is among the 
most fundamental elements of standard of care. 

Harry Penny, DPM, DABPM, 
FAPWHc, University of 

Pittsburgh Medical Center 
Director of Wound Care at 

Blair Medical Associates  
Altoona  PA. 16602

And yet, it has repeatedly been shown that most 
plantar DFU patients—likely over 80%—do not 
receive effective offloading therapy. The reasons 
for this shortcoming in care are well understood: 
inadequate or zero reimbursement, non-compliant 
patients, inconvenient or unsuitable devices, 
contraindications, etc. In this issue of Wound 
Central we have a wide variety of articles relating 
to optimising wound care. We are honoured to 
have some high level editorials starting with Wound 
Healing 101 with Caroline Fife. Randolph Fish 
explores antibiotic resistance and bacteriophage. 
Mark Niederauer and Charles Andersen explore 
the role of oxygen in wound care. Steven 
Kravitz also gives us a closer look at the APWH 
and the extensive role we play in training  and 
education. Our papers range from the simple 
with a focus on devices that are available that 
make offloading more reasonable for patients and 
practitioners to complex reconstruction with skin 
substitutes. We hope to highlight the need for 
our industry to band together to insure this gap 
in care gets addressed by thoughtful legislation  
and reimbursement. n
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WOUND HEALING 101 IS MISSING: 
what is driving poor practice in  
diabetic foot ulcer wound care?

T
here is an epidemic of diabetes-related 
lower extremity amputations (LEA) 
occurring in the US, and the global 
situation is likely similar. After declining 
43% between 2000 and 2009, the age 

adjusted rate of LEAs in the U.S. increased by 62% 
between 2009 and 2015.1 

Many, if not most of these amputations, result 
from complications of plantar diabetic foot ulcers 
(DFUs), which are among the more challenging 
clinical scenarios faced by wound care providers. 
Most of these wounds become infected, and about 
20% of DFUs will necessitate an amputation.2 
Further complicating this healthcare crisis is 
that the most financially vulnerable members 
of society, particularly in communities of color, 
disproportionately bear the brunt of the morbidity 
and mortality.3

Undoubtedly, multiple factors are contributing 
to the increase in amputations, but we cannot ignore 
the probability that gaps in the quality of wound 
care are contributing to this crisis. As a wound 
care practitioner, what is deeply frustrating is 
knowing that much of the morbidity and mortality 
associated with DFUs could be avoided with the 
use of simple, inexpensive and straightforward 
offloading therapy. Offloading of vulnerable areas 
of the plantar surface is about as basic as it gets 
when it comes to plantar DFU wound care. It has 
been demonstrated time and time again that most 
plantar diabetic foot ulcers can be successfully 
healed when patients adhere to using appropriate 
and effective offloading devices.4–6 

And yet, it is well documented that very few 
patients in the US (1.7–6%) receive offloading 
via a ‘total contact cast’ (TCC), which is cited 
throughout the literature as the ‘gold standard’ 
offloading method. In practice, when offloading 
is performed, the most frequently used approach 
involves the use of offloading shoes or shoe 

Harry Penny, DPM, DABPM, 
FAPWHc, University of 

Pittsburgh Medical Center 
Director of Wound Care at 

Blair Medical Associates  
Altoona  PA. 16602

modifications.8 The issue of underutilization of 
TCC, and offloading in general, has appeared 
repeatedly in the literature for nearly two decades. 
As TCC is the only offloading option for which 
there is any Medicare coverage; it is often the only 
offloading option that might be offered in the 
clinic. However, TCC has never been considered by 
many practitioners as a viable frontline treatment 
for the following reasons:7

 n Contraindications:
 n Over the weight limit of the cast system
 n Wagner grade 3, 4, or 5 infection
 n Arterial Insufficiency ABI <0.8
 n Too much drainage
 n Fall risk
 n Inability to drive with the cast
 n Claustrophobia

 n Patients refuse due to interference with work, 
family obligations, lifestyle disruption

 n Nurses/doctors must be trained to provide 
TCC and must perform enough applications to 
maintain skill

 n TCC can cause abrasions that result in new 
ulceration

 n Many practitioners consider the payment for 
TCC too low to cover the time and materials 
it takes to apply the cast, and there are issues 
regarding charging for other services in the same 
visit, such as debridement

 n TCC involves frequent patient visits to the 
clinician, which patients often find inconvenient 
and generating copays they cannot afford. 

TCC is the ‘gold standard’ but is not the 
standard of practice. 
We have had much success in our clinic with TCC 
and will continue to use it for many patients. 
However, in our clinic and across the country, 
the most frequently used offloading approaches 
involve surgical shoes, shoe modifications, and to a 

Caroline Fife, MD, FAAFP, 
Professor of Geriatrics, 

Baylor College of medicine 
Houston, TX 77030   Medical 

director CHI St. Luke’s 
Wound Clinic, The 

Woodlands, TX 77382
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Conclusions
The current situation in relation to amputation 
rates is unacceptable. A recent ProPublica article3 

stated ‘Diabetics undergo 130,000 amputations 
each year, often in low income and underinsured 
neighborhoods. Black patients lose limbs at a rate 
triple that of others. It is the cardinal sin of the 
American health system in a single surgery: save on 
preventative care, pay big on the back end, and let 
the chronically sick in underprivileged areas feel the 
extreme consequences.’

Numerous factors contribute to this crisis and 
improving offloading therapy alone will not fix 
the problem, but it will improve the situation. 
The current gap in coverage for all offloading 
approaches, besides TCC, has created a critical gap 
in DFU care that must be addressed. To increase 
the use of effective offloading therapies, we believe 
that two changes must be made to the Medicare 
reimbursement rules (and migrate to private payer 
and other relevant insurance coverages).

 n Medicare coverage must be expanded to include 
shoes designed specifically for DFU offloading: 
Medicare’s therapeutic shoe program only covers 

footwear designed to prevent diabetic foot ulcers, 
and excludes shoes intended to treat active ulcers. 
Standard diabetic shoes are designed to reduce 
abrasion from the shoe, and generally include 
plastazote insoles to make 100% contact with the 
foot and minimize high pressure areas. Doubtlessly, 
diabetic shoes help to reduce the likelihood of new 
traumas occurring to the foot. However, these 
systems are not intended to offload active ulcers 
and do not provide sufficient pressure reduction 
for that purpose.

There is much evidence demonstrating the 
promise of shoe and boot based offloading, and 
we have reported on our experience using a shoe-

lesser extent CAM boots. Historically, these ‘shoe-
based’offloading approaches have had the least 
amount of data supporting their efficacy, and there 
is no reimbursement.

McGuire proposed the term ‘reverse gold 
standard’ to describe the state of offloading care. For 
example, the de facto standard of offloading care (if 
provided), typically involves using methods that are 
considered to be the least effective. Therefore, he 
proposes that if any of these shoe-based methods 
can demonstrate superior efficacy over the others, 
that should be seriously considered by the wound 
care community as a new ‘standard of practice’ as 
a means to improve the quality of care for the vast 
majority of patients.

Advanced therapies without basic DFU 
care wastes time and money
Advanced therapies, such as cellular tissue products, 
hyperbaric oxygen, biofilm inhibitors, negative 
pressure, etc., are valuable tools, particularly for 
restarting healing of stalled wounds. However, unless 
these highly expensive therapies are used with proper 
offloading, healing rates are significantly inferior to 
results produced by offloading alone. For example, 
published healing rates for DFUs treated by TCCs 
(total contact casts) are noted to be 80–90% 
compared with only 45–55% for biologic tissues

What the biologics industry does have going 
for it is advantageous reimbursement7 (Table 1, 
reprinted courtesy of Carolyn Fife, MD). Hence, 
most wound care centers have included biologics 
as part of their wound care protocols.

Why is it so hard to do the right thing?
Fife noted that the likelihood of care protocols being 
followed is related to three characteristics:

 n Inversely proportional to complexity: the harder 
it is to DO, the less likely we are to do it

 n Directly proportional to knowledge (conviction 
and/or cognitive effort): strong clinician 
knowledge/belief in effectiveness increases use

 n Directly proportional to compensation: if we can’t 
get paid for it, we are not likely to do it.
In relation to offloading, TCC is relatively 

complicated, is resisted by many patients, and 
can create new clinical issues. Consequently, 
many practitioners do not agree that it represents 
‘standard of care’, and also do not consider 
the reimbursement acceptable. The result of 
these barriers is that there is little incentive 
for the wound care practitioner to prescribe or  
document offloading.7

Table 1. Estimate of return on investment comparing total 
contact casting versus LSE application
Item TCC LSE
Revenue 192.68 1893.77
Expenses 111.00 1,372.00
Expenses (overhead) 100.00 100.00
Margin -18.32 421.77
Calculations assume 30 minutes of staff for either application, and that staff time and overhead for 
a faculty room (building rent, energy, front desk, housekeeping) will approximate US$100. These 
calculations do not include the physician fees, because for the most part, physicians do not usually apply 
the TCC, although they might. All figures are US$
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based offloading system that has demonstrated 
adequate offloading to heal the majority of diabetic 
foot ulcers. (See article in this issue, page 141). 
This shoe-based device is now in routine use in 
our facility and has proven to be a convenient and 
accepted frontline offloading option for many 
patients for whom TCC is not appropriate or 
practical. In addition to being clinically effective, 
use of this device has saved significant time in the 
clinic which has helped justify its use even though 
there is no reimbursement.

 n Clinicians should report the DFU offloading 
quality measure:
Practitioners who treat DFUs believe that they 

are consistent in their use of appropriate off-loading 
but data suggest that even the most committed 
clinicians struggle to do so consistently. CMS uses 
quality measure reporting under the Merit Based 
Incentive Payment System (MIPS) to evaluate 
whether practitioners adhere to evidence-based 
practice standards. Since 2015, CMS has endorsed 
a diabetic foot ulcer offloading measure developed 
by the Alliance of Wound Care Stakeholders 
in collaboration with the US Wound Registry 
(2021QCDRMeasureSpecification-CDR1_US-
Wound-Registry-01.08.2021.pdf (uswoundregistry.
com). It is possible to pass the measure with off-
loading options other than TCC since TCC is not 
appropriate for all patients. However, the measure 
requires that the off-loading option be appropriate 
for the location of the ulcer and that off-loading be 
performed and/or documented at each patient visit. 
Like all CMS approved quality measures, there is a 
mechanism to inform CMS when off-loading is not 
possible due to patient, medical or system reasons. 
The DFU off-loading measure was one of the few 
specialty measures selected by CMS for depiction 
on its Physician Compare website. USWR data 
confirm that practitioners who report the DFU 

offloading measure have higher DFU healing rates 
than those who do not report it. 

Currently there are 12 CMS approved wound 
relevant quality measures. These ‘specialty measures’ 
are developed by Qualified Clinical Data Registries 
(QCDRs) like the USWR. Any QCDR can license 
the DFU offloading measure free of charge from 
the USWR. Practitioners can report the DFU 
off-loading measure no matter what QCDR 
they use for MIPS participation. Unfortunately, 
reporting has been hindered by the reluctance of 
various electronic health record (EHR) vendors 
to incorporate the measure specifications into the 
EHR. A major barrier to reporting was overcome 
in April 2021 when all 12 USWR wound care 
quality measures were certified by the EHR vendor 
Cerner as part of a ‘SMART app’ which facilitates 
quality reporting for wound care practitioners. 
Hopefully, similar solutions will become available 
for other EHRs, eliminating technical barriers to 
the reporting of measures like DFU offloading. As 
reporting becomes easier to do, patients will be able 
to use the publicly available data on the Physician 
Compare website to select a practitioner on the 
basis of their DFU quality performance. Payers have 
already begun using quality performance as a way 
to select (or deselect) practitioners for participation 
in their plan, and practitioners can use measure 
performance to negotiate higher reimbursement 
rates from payers.

Although market pressures will eventually 
expand the reporting of quality measures relevant 
to diabetic foot ulcers, quality performance is a 
slow way to raise the bar on the care of diabetic foot 
ulcers. It is long past the time for the wound care 
community to band together to communicate with 
legislators and explain the huge scope and cost of 
this problem, and to demand appropriate changes 
to regulations and reimbursement. n
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