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Custom-Molded Offloading Footwear Effectively
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Mortality Rates in High-Risk Diabetic Foot Patients: A
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Background: Recurrence of high-risk diabetic feet, after wound, healing is a common
challenge among diabetic patients. Continuous use of an offloading device significantly
prevents recurrence of high-risk diabetic feet, although patient adherence is imperative to
ensuring this therapy’s clinical efficacy. In this study, we explored clinical outcomes of
patients with a high-risk diabetic foot who had been prescribed with custom-molded off-
loading footwear under different adherence conditions.

Methods: A total of 48 patients (17 females and 31 males) with high-risk diabetic feet, who had
been with prescribed offloading footwear in 13 medical centers across 4 cities, were enrolled in
the current study. The patients were assigned into either continuous offloading therapy (COT, n=
31) or interrupted offloading therapy (IOT, n = 17) groups, according to their adherence to the
therapy. All patients were followed up monthly, and differences in recurrence, amputation, and
deaths between the groups were analyzed at 4 months after therapy.

Results: Forty-eight patients met our inclusion criteria and were therefore included in the
final analysis. Among them, 31 were stratified into the COT group and adhered to offloading
therapy throughout the study period, whereas 17 were grouped as IOT and exhibited
interrupted adherence to offloading therapy. We found statistically significant differences in
recurrence rates (0 vs 38.46%, p < 0.01), amputation (0 vs 11.76%, p < 0.01), and deaths (0%
vs 5.88%, p < 0.01) between the groups during follow-up.

Conclusion: Patients’ adherence is imperative to efficacy of custom-molded offloading
footwear during treatment of high-risk diabetic foot. Further studies are needed to elucidate
the role of improved design of the offloading device and the need for enhanced patient
education for improved adherence.
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Introduction

High-risk diabetic foot is prone to injury, infection and ulceration in diabetic patients."
Previous studies have reported that the 1- and 5-year recurrence rates of high-risk diabetic
feet 31.6%,” and approximately 70%,> respectively. Refractory recurrence and slow
healing rates have been linked to leg amputation and patient mortality. Moreover, high-
risk diabetic feet have been associated with non-traumatic amputation, with more than
70% mortality rates within 5 years after amputation.” Therefore, reducing the recurrence
rate of high-risk diabetic feet can significantly improve amputation and lower mortality
rates in this group of patients.
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High-risk diabetic foot recurrence is mainly attributed
to abnormal lower limb movements and changes in plantar
biomechanics.’® Chronic overload and friction to the feet,
which are caused by wearing conventional shoes, can
cause damage to the skin on the sole or dorsal foot,
thereby exacerbating a patient’s gait and balance ability
over time. These changes ultimately lead to recurrence of
foot ulcers and amputation. Soft tissues are prone to con-
tinuous overload, even after healing, a phenomenon that
results in tissue necrosis and recurrence of high-risk dia-
betic foot.” However, amputations and deaths can be pre-
vented if patients receive appropriate care.'”'* According
to the International Working Group on the Diabetic Foot
(IWGDF), use of an offloading device can effectively
prevent recurrence in high-risk diabetic foot patients.'?
Moreover, this device can reduce plantar pressure on the
painful part of the foot, by changing the center of gravity
line, thereby improving body balance. Consequently, the
device rationally distributes the pressure on the bottom of
the foot and absorbs vibration, thus preventing recurrence
of high-risk diabetic foot.'*'* Previous studies have
demonstrated that continued use of the offloading device
to improve plantar biomechanics and COT can effectively
prevent recurrence of diabetic high-risk feet.'>'® Notably,
patient adherence has been shown to play an important
role in clinical outcomes during offloading therapy.'>** In
the present study, we explored the effects of patient adher-
ence on diabetic foot recurrence, amputation, and mortal-
ity using offloading therapy in high-risk diabetic foot
patients.

Methods and Study Design

A total of 87 patients, who were diagnosed with high-risk
diabetic feet between January 1, 2018 and December 31,
2020, were enrolled at 13 medical centers across four
cities in China. Inclusion criteria were adopted from the
United States Medicare Guidelines. A patient was deemed
eligible for the Medicare diabetic therapeutic footwear
benefits if the treating physician provided a written state-
ment certifying existence of at least one of the following
conditions: 1) had undergone previous partial amputation
of either foot; 2) had a history of previous foot ulceration
on either foot; 3) had a history of pre-ulcerative calluses
on either foot; 4) was diagnosed with peripheral neuropa-
thy with evidence of callus formation on either foot; 5)
presented with foot deformity; 6) presented with poor
circulation on either foot; or 7) had a prescription for
a particular type of foot wear from a physician.

Conversely, a participant was excluded if he or she 1)
had a history of major amputations; 2) was diagnosed
with neurologic or psychiatric disease; 3) was unable to
walk without walking aids; 4) had visual impairment that
was difficult to either treat or correct; 5) was diagnosed
with unstable cardiovascular or unstable ischemic cerebro-
vascular diseases; (6) had severe renal dysfunction or
severe liver dysfunction; 7) was diagnosed with
a malignant tumor; 8) had osteoarticular diseases unrelated
to diabetes; and 9) declined offloading therapy.

A total of 48 high-risk diabetic foot patients (17
females and 31 males) who were undergoing therapy
with offloading device (Depth Inlay Shoes, Dave Med
LLC, Chongqing, China) met the inclusion criteria and
were ultimately recruited in the study. All patients were
followed up monthly, through a face-to-face or telemedi-
cine approach, because of COVID-19. At 4 months after
offloading therapy, differences in recurrence, amputation,
and mortality rates between the groups were determined
and the effect of the offloading device evaluated. The
definition of interrupted offloading therapy (IOT, n=17)
group was based on discontinued offloading footwear
therapy, for more than 4 weeks. Patients were divided
into either continuous offloading therapy (COT, n=31) or
IOT (n=17) groups, based on their level of adherence to
offloading therapy. The patients’ demographic information
and clinical characteristics, including age, gender, height,
BMI, diabetes duration, Wagner classification, diabetic
neuropathy, diabetic retinopathy, foot deformity, vibrating
perception threshold, history of amputation, plantar callus,
peripheral artery disease, ischemia, osteoporosis, and
methods of diabetes control were recorded and analyzed
at the beginning of study. Patients were advised to wear
the offloading device for 1-2 hours every day for the first
week after discharge. Next, they were advised to wear the
offloading device every day, if there did not experience
any discomfort or foot grinding a week after discharge.

Statistical Analysis

Descriptive statistics, including proportions, means, and
standard deviations were calculated. Differences between
patients undergoing COT and those who presented with
discontinuation of offloading therapy were determined
using a t-test, while baseline data were analyzed using
a Chi-square test. All statistical analyses were performed
using SPSS 26 software (IBM, Armonk, NY). P<0.05 was
considered statistically significant for all of the analyses.
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Results

A total of 48, out of 88, patients (including 17 women and 31
men) met our inclusion criteria and were included in the final
analysis. A summary of the research design is presented
using a flow chart in Figure 1. Results revealed no statisti-
cally significant differences in baseline data between the two
groups (Table 1). Patients were fitted with molded offloading
insole (Figure 2). A comparison of patients’ main clinical
outcomes between the two groups, 4 months after offloading
therapy, revealed no DFU recurrence in 21 cases that pre-
viously had DFU, and none of the 31 patients the COT group
had neither undergone amputation nor died during the study
period. In contrast, the 13 patients with a history of DFU in
the IOT group had a recurrence rate of 38.46% (5/13), with
amputation and mortality rates of 11.76% and 5.88%, respec-
tively. We found statistically significant differences in recur-
rence, amputation and mortality rates between patients in the
COT and IOT groups (p<0.01) (Figure 3).

Discussion
High-risk diabetic foot causes great pain and high eco-

nomic burden to patients and their families. To manage the

Diabetic high-risk foot patients
(prescribed offloading device)
(n=88)

Exclude patients who
refused to participate

A
Signed written consent
(n=51)

Exclude patients who
dropped out midway

<

Baseline data of patients were
collected (including: gender, age,
duration of diabetes, etc.)
(n=48)

|
v v
Group 1: the continuous Group 2: the interrupted
offloading therapy (COT) offloading therapy (I0T)
group, and interrupted group (n=17)
offloading therapy
(IOT) group

l

v

Follow-up 4 months after after offloading therapy:
(1) Whether to wear offloading device according
to the doctor's advice
(2) Foot condition, included remission and
recurrence
(3) Mortality

Figure | A flow chart describing the study design.

condition, diabetic foot offloading footwear, comprising
functional socks and custom insoles, has been used in
some developed countries and is included in the medical
insurance coverage.”! However, offloading device is not
covered by medical insurance in most developing coun-
tries. Efficacy of using the offloading device for diabetic
patients with high-risk foot for preventive treatment
remains controversial. For example, Gao et al,22 Bus et al*
and Maciejewski et al** reported that the offloading device
was effective in preventing recurrence of diabetic foot

ulcers. In contrast, Macfarlane et al®*

found no significant
effects in use of the offloading device in high-risk diabetic
feet patients. Notably, the authors attributed the lack of
significant effects to low adherence.

Results from our previous study, in which we explored
use of offloading device in neuropathic diabetic foot,
revealed that the device changed plantar biomechanics
using wearable sensor technology.®*> Notably, this off-
loading therapy significantly improved clinical outcomes
in these patients although one case who underwent IOT
presented with recurrence during interruption of the
therapy.® In the current study, we further explored the
effects of interrupting offloading therapy on recurrence
and mortality rates in high-risk diabetic foot patients. To
the best of our knowledge, this is the first multicenter
study analyzing the use of offloading footwear therapy
intervention in diabetic patients with high-risk foot. The
findings from the present study, coupled with literature
review, indicated that use of offloading device significantly
reduced the risk of foot ulcer recurrence, amputation and
mortality.” In the current study, a total of 48 patients who
were prescribed with the offloading device between 2018
and 2020 were selected for follow-up and exploration of
the effect of patient based on clinical outcomes. Results
showed that with high-risk diabetic foot patients with poor
compliance to offloading therapy exhibited high recur-
rence, amputation, and mortality rates.

The poor adherence was attributed to several reasons:
Firstly, patients were not willing to undergo the therapy.
Secondly, the weight, appearance and comfort of the off-
loading device limited its use.””*® Thirdly, some medical
staff did not pay enough attention to the auxiliary and
preventive treatment effects of the offloading device,
while social awareness was low. Results from follow-up
showed that some patients psychologically resisted off-
loading therapy.®**° In addition, although clinicians
recommended that the offloading device be worn for
a long period, patients were worried about the associated
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Table | Baseline Characteristics of All Patients Participating in This Study

Variables All Patients (n=48) COT Group (n=31) 10T Group (n=17) P-value
Age, years 64.92+12.38 62.77+11.50 68.82+13.03 0.106
Height, cm 162.74+8.27 162.85+8.41 162.62+8.34 0.933
BMI, kg/m? 24.46%2.99 24.35+2.45 24.60+3.61 0.804
Diabetes duration, years 11.3317.56 11.91+£7.57 10.59+7.71 0.595
Gender, %

Female 17(35.42) 9(29.03) 8(47.06) 0.212
Male 31(64.58) 22(70.97) 9(52.94)

Wagner classification, %

0-3 36(75.00) 24(77.42) 12(70.59) 0.862
4-5 12(25.00) 7(22.58) 5(29.41)

Diabetic retinopathy, %

Yes 23(47.92) 17(54.84) 6(35.29) 0.195
No 25(52.08) 14(45.16) 11(64.71)

Foot deformity, %

Yes 16(33.33) 10(32.26) 6(35.29) 0.831
No 32(66.67) 21(67.74) 11(64.71)

VPT>25volt, %

Yes 18(37.50) 12(38.71) 6(35.29) 0.815
No 30(62.50) 19(61.29) 11(64.71)

History of DFU, %

Yes 34(70.83) 21(67.74) 13(76.47) 0.741
No 14(29.17) 10(32.26) 4(23.53)

History of amputation, %

Yes 16(33.33) 8(25.81) 8(47.06) 0.135
No 32(66.67) 23(74.19) 9(52.94)

Plantar callus, %

Yes 20(41.67) 14(45.16) 6(35.29) 0.507
No 28(58.33) 17(54.84) 11(64.71)

Diabetic neuropathy, %

Yes 42(87.50) 27(87.10) 15(88.24) |

No 6(12.50) 4(12.90) 2(11.76)

PAD, %

Yes 23(47.92) 13(41.94) 10(58.82) 0.263
No 25(52.08) 18(58.06) 7(41.18)

Ischemia, %

Yes 31(64.58) 18(58.06) 13(76.47) 0.202
No 17(35.42) 13(41.94) 4(23.53)

Osteoporosis, % 0.263
Yes 25(52.08) 18(58.06) 7(41.18)

No 23(47.92) 13(41.94) 10(58.82)

Methods of blood glucose control, %

Insulin 2(4.16) 1(3.22) 1(5.88)

Anti-hyperglycemic drugs 20(41.67) 13(41.94) 7(41.18) 0.907
Anti-hyperglycemic drugs and Insulin 26(54.17) 17(54.84) 9(52.94)

Abbreviations: COT, continuous offloading therapy; IOT, interrupted offloading therapy; BMI, body Mass Index; VPT, vibrating perception threshold; DFU, diabetic foot

ulcer; PAD, peripheral artery disease.

expenses. In addition, the patients had a negative percep-
tion of the device, mainly because wearing it implied that
they had not fully recovered thus increasing the psycholo-
gical burden. Although the offloading device is efficacious
in preventing amputation and mortality in patients at high

risk of diabetic foot, only a handful of clinicians and
researchers have described its role.

Improving patient adherence to use of the offloading
device can significantly improve clinical outcomes of this
therapy in diabetic foot. This adherence may be improved by
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Figure 2 Profiles of patients’ foot conditions and offloading therapy. Patient A: Recurrent neuropathic plantar foot ulcer on the left heel and the fifth right plantar
metatarsophalangeal joint (Al). Personalized offloading insoles (A2). Wearing of the offloading footwear (A3). Patient B: Recurrent neuropathic plantar foot ulcer on the
right foot and amputation of the first and third toes of the left foot (B1). Personalized offloading and orthopedic insoles (B2). Wearing the offloading footwear (B3).

providing patients with more color choices, as well as styles
and materials. Health facilities and clinicians should also
increase awareness of different approaches for treatment

50.00%
40.00% SBAGT"
30.00% - = The continuous offloading
therapy group
20.00% u The interrupted offloading
11.76%* therapy group
10.00% - I 5.88%%*
0.00% 0.00% 0.00%
0.00% l
Recurrence Amputation Mortality

Figure 3 Clinical outcomes of patients included in the study. ¥*There were statis-
tically significant difference in recurrence, amputation and mortality rates between
patients in the continuous offloading therapy and those e in the interruption
offloading therapy groups (P<0.01).

and disease prevention, while patients and medical staff
should undergo health education to equip them with informa-
tion regarding the positive effects of offloading therapy.®' We
hypothesize that increased health education for patients and
medical staff will improve the level of foot self-care knowl-
edge and patient behavior towards the therapy. Furthermore,
medical personnel should undergo regular training on pre-
vention and adjuvant treatment of diabetic foot using off-
loading device to improve their effectiveness in providing
care for patients with high-risk foot.

Results of the present study further confirm efficacy of
the offloading device as an adjuvant therapy for patients
with diabetic high-risk foot. This is because wearing an
offloading device significantly lowers the number of
patients with high-risk diabetes feet, and subsequently
reduces the socioeconomic burden, risk of infections,

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15

https:

107

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang et al

Dove

amputation, and death of patients associated with this
condition.

This study had a few limitations. Firstly, our sample
size was relatively small. Future studies should enroll
more patients to establish barriers regarding continuous
use of offloading footwear and help improve diabetes-
related foot ulcers. Secondly, the follow-up was short
due to the COVID-19 pandemic.

Conclusion

Findings for the present study showed that the offloading
device is an efficacious auxiliary therapeutic strategy for
prevention of recurrence and amputation, and lowering
mortality rates in diabetic foot patients. Notably, patient
adherence is imperative to efficacy of this therapy.
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