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Introduction
Compliance with off-loading devices is crucial to healing 
diabetic foot ulcers. Should we be dependent on patient 
self-report to determine compliance? Advancements in 
technology over the past few decades have led to nearly 
instantaneous accessibility to unlimited amounts of infor-
mation. However, as care providers we are often still in 
the dark as to what patients actually do once they leave 
our offi ce. The application of current technologies to 
patient monitoring could change this.

Diabetic Foot Ulcer Formation 
To appreciate the necessity of using appropriate foot-
wear, fi rst we must understand the underlying etiology 
of the neuropathic diabetic foot ulcer. The lack of sen-
sation in the neuropathic foot effectively reduces the 
patients’ warning of damage to the foot. Without the 
capacity to feel trauma-induced pain, repeated cycles of 
local pressure to the plantar surface of the foot result in 
the formation of ulceration without the individual feel-
ing any discomfort [1]. The sources of these repetitive 
traumas are ground reaction forces associated with gait. 
During walking, ground reaction forces push and distort 
the soft tissue of the foot along the vertical, anteropos-
terior, and mediolateral axes at forces of up to 1.5 times 
an individual’s body weight [2]. During a normal step, 
these forces generally progress distally from heal strike 
until they reach the hallux at toe-off [3]. The stress 
encountered on the feet by ground reaction forces leads 
to infl ammation and eventually autolysis of the soft tis-
sue beneath the points of focal pressure [1,4].

Off-Loading
In the presence of suffi cient arterial infl ow, the two 
primary tenants to healing diabetic foot ulcers are appro-
priate debridement of all devitalized tissue and pressure 
reduction from the ulceration site [5]. Off-loading is 
accomplished by distributing loading forces across a large 
portion of the plantar surface of the foot and thus reduc-
ing isolated areas of excessive pressure. Several modalities 
have been developed for off-loading the feet, including 
half-shoes, healing sandals, Scotchcast boots, removable 
cast walkers (RCWs), and total contact casts (TCCs) [6]. 
The TCC is commonly recognized as the “gold standard” 
in healing ulcers. Although some RCWs were demon-
strated in the gait laboratory to be as effective as the TCC 
in off-loading the foot [7–9], a clinical trial by Armstrong 
et al. [10] found that the TCC resulted in higher healing 
rates and a shorter time to healing than an RCW with a 
similar capacity for off-loading wounds. It was hypoth-
esized that the TCC’s ability to ensure compliance was 
responsible for the difference in healing.

Off-Loading Compliance 
A trial incorporating compulsory compliance with an 
RCW was designed to test if it was the removable design 
feature of RCWs that was responsible for the discrepancy 
in healing. In this study, the TCC was compared to an 
RCW that was made irremovable by means of a single 
layer of Scotchcast wrapped around the walker [11]. The 
irremovable RCW was termed an “instant TCC.” Within 
12 weeks of treatment, 80% of instant TCC patients’ 
diabetic foot ulcers healed compared with 74% of TCC 
patients’ ulcers. Other studies have supported the use of 
nonremovable modalities for healing ulcers [12].

In addition to treating ulcers, specialized footwear is pre-
scribed to prevent diabetic foot ulcers. Prefabricated inlays 
and shoes are routinely prescribed to high-risk patients. 
Numerous studies have demonstrated these to be highly effi -
cacious in off-loading the foot [9,13,14]. Some preliminary 
studies have shown prescribed footwear to be effective in 
preventing ulcer reoccurrence [12]. Chantelau and Haage 
[15] reported that individuals who wore their protective 
footwear for more than 60% of the day experienced a 50% 
decrease in ulcer recurrence. Despite its benefi cial effects, 
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compliance with preventative footwear is rather poor. A 
study looking into prescribed footwear use in the United 
Kingdom by Knowles and Boulton [16] found that only 22% 
of their subjects wore their prescribed footwear all day. The 
percentage was likely even lower as the subjects were inter-
viewed face to face in the clinic. This low compliance was 
in spite of the fact that 90% of the subjects felt their shoes 
helped their feet and 94% reported the shoes were comfort-
able. Methods that were identifi ed for improving compliance 
included providing more style and color options, providing 
shoes suitable for indoor and outdoor use, and improving 
patient and clinician education on proper footwear. A study 
in the United States had comparable fi ndings in that only 
28% of patients wore their diabetic footwear more than 
80% of the day [17]. Appearance, comfort, and weight were 
the most common complaints about their shoes. Another 
noteworthy fi nding was patients who perceived their diabetic 
foot condition to be more severe than that of other patients 
with diabetic foot complications were not any more compli-
ant with their footwear.

Compliance Monitoring
Knowing that off-loading compliance is suboptimal 
despite its necessity to healing ulcers and preventing 
reoccurrence, an objective means of assessing off-load-
ing compliance has been developed. This current means 
uses “off-the-shelf” accelerometer-based activity moni-
tors [18]. One activity monitor is attached to the subject’s 
waist, and a second monitor for which the internal clock 
is synchronized with the fi rst monitor is placed on the off-
loading device. Daily activity is identifi ed according to the 
waist-mounted monitor. Compliance is then assessed by 
whether the off-loader’s monitor recorded activity dur-
ing the active periods identifi ed by the waist monitor. In 
an investigation of RCW compliance in individuals with 
diabetic foot ulcers, this methodology revealed that, on 
average, patients only wore the RCW during 28% of 
their total daily activities [19]. However, the subjects did 
exhibit increased steps per hour while wearing the device 
(93 vs 46). This coincides with patients commonly report-
ing to their podiatrist that they always wear their RCW 
when leaving the house but sometimes take it off at home. 
Although their step rate may be low at home, they accu-
mulate many steps over the course of the day.

Future of Compliance Monitoring
Monitoring of compliance is likely to continue to grow in 
popularity. In every clinical trial in which compliance is 
unaccounted for, there is a possibility that any potential 
therapeutic benefi t of the test article/device will be washed 
because of patients who are noncompliant with their off-
loading. The “off-the-shelf” dual activity monitor method 
of measuring compliance is currently in use in several 
industry and grant-funded investigations for which compli-
ance will be considered a potential confounding variable. 

However, it is likely that in the future, technologies that 
are currently available, such as Bluetooth communication, 
will be used to develop more functional and user-friendly 
monitoring devices. By developing technology specifi cally 
for compliance monitoring, several additional features 
could be developed. Real-time or daily updates of compli-
ance could be done with wireless or Internet applications. 
Features could also be developed to afford the capability 
for providing individuals with alarms/reminders via their 
watch or phone when the system identifi es they are walk-
ing without their off-loading footwear.

Although compliance monitoring is likely to increase 
in usage with clinical trials, its role within standard of 
care is uncertain. A “compliance reminder” system that 
notifi es a patient when he or she is being active without 
proper footwear is not likely to raise any major ethical 
dilemmas. However, who has access to recordings of 
compliance data and for what purpose could result in 
numerous debates. Should health care providers have 
access to this information or might it be an invasion of 
privacy? Should patient compliance be factored into deter-
mining if insurers or public health agencies will cover 
advanced wound care modalities to patients? Would this 
be any different than a vascular surgeon denying surgery 
to a smoker? Debate on the ethical and fi scal controversies 
associated with these questions will be required to reach 
sound conclusions.

Conclusions
Off-loading is crucial to the healing process of diabetic foot 
ulcers. Total contact casting results in healing of diabetic 
foot ulcers due to the forced compliance of pressure relief 
for the ulcer; however, the successful healing of ulcers with 
other off-loading modalities is dependent on the patients’ 
adherence to the devices. Therapeutic shoes can only 
prevent diabetic foot ulcers if they are worn. At present, 
patient compliance with off-loading devices is poor. “Off-
the-shelf” compliance monitoring is presently used on a 
relatively small scale, typically in conjunction with clinical 
trials. However, if systems tailor made for assessing off-
loading compliance become commonly used, numerous 
questions will need to be answered concerning who should 
have access to these   data and for what purpose.
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