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Abstract

Introduction The offloading is crucial to heal neuropathic
diabetic foot ulcer (DFU). Removable offloading are the
most used devices. Orthèse diabète is a new customized
removable knee-high offloading device immobilizing
foot and ankle joints, with some specific and innovative
features that may improve offloading. We aimed to
evaluate the efficiency of this device in DFU healing.
Research, design and methods The evaluation of
Offloading using a new removable ORTHOsis in DIABetic
foot study is a French multicenter (13 centers) randomized
controlled trial with blinded end points evaluation. Adults
with neuropathic DFU were randomly assigned to either
Orthèse Diabète (experimental device), or any type of
conventional (usually used in France) removable offloading
devices (control group). The primary outcome was the
3-month proportion of patients with fully healed DFU.
Results Among 112 randomized patients (men 78%,
age 62±10 years), the primary outcome occurred in 19
(33%) participants using conventional device vs 19 (35%)
Orthèse Diabète users (p=0.79). Study groups were
also comparable in terms of prespecified secondary end
points including occurrence of new DFU (25% vs 27%
in conventional and experimental groups), ipsilateral
lower-limb amputation (4% vs 10%) or infectious
complications (14% vs 13%) (p>0.05 for all). Adverse
events were comparable between groups, including 4
deaths unrelated to study allocation (1 sudden death, 2
ventricular arrhythmias and 1 pancreatic cancer). Adverse
events believed to be related to the device were higher in
the Orthèse Diabète group than in the control group (15%
vs 4%). Orthèse Diabète was less frequently worn than
conventional devices (46% vs 66%, p=0.04).
Conclusions Orthèse Diabète, a new removable offloading
orthosis immobilizing foot and ankle joints did not show
superiority compared with conventional removable devices
in neuropathic DFU healing and cannot be recommended to
heal DFU.

Significance of this study
What is already known about this subject?
►► The offloading is crucial to heal neuropathic diabetic

foot ulcer (DFU).
►► Several removable offloading methods are used but

they were rarely compared in randomized controlled
trials.

What are the new findings?
►► Among 112 randomized patients, a fully healed DFU

at 3 months was observed in 19 (33%) participants
using conventional device vs 19 (35%) Orthèse
Diabète users (p=0.79).
►► No difference was observed between groups in regard to other outcomes including healing of ulcers,
new ulcers or lower-extremity amputations.
►► The wearing of devices was significantly lower in the
experimental than the conventional group (46% vs
66%, p=0.04).
►► There is a higher rate of adverse events in the Orthèse
Diabète arm compared with conventional arm.

How might these results change the focus of
research or clinical practice?
►► Orthèse Diabète was equally efficient than usual re-

movable devices in DFU healing.
Trial registration number NCT01956162.

Introduction
Diabetic foot ulcer (DFU) is a severe and
common complication in patients with
diabetes. It affects between 19% and 34% of
people with diabetes at some point over their
life.1 According to the continuous increase of
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the Orthèse Diabète to improve healing of DFU. Thus, the
aim of our study was to assess the effectiveness of the
Orthèse Diabète in the healing of neuropathic plantar DFU
compared with standard non-removable devices.
Methods
Study design
The evaluation of Offloading using a new removable
ORTHOsis in DIABetic foot (ORTHODIAB) study is a
French collaborative multicenter randomized, open-
label trial, with a blinded end points evaluation. Details
of the trial design and conduct have been published
elsewhere.15 All participants provided informed consent
prior to study participation.
Figure 1 Schematic illustration of ‘Orthèse Diabète’ and its
different components.

the global prevalence of diabetes worldwide, the management of DFU is an increasing therapeutic challenge.
Indeed, DFU is the leading cause of non-traumatic lower-
limb amputation (LLA) worldwide.2–4
Among the wide range of factors contributing to neuropathic DFU, abnormal rise in foot plantar pressure is likely
to be the main causal factor.5 6 Over the past decades, it
has been extensively shown that offloading is a crucial
treatment to promote healing of neuropathic DFU.7 The
non-removable knee-high offloading devices allow better
offloading, especially because of the ‘forced’ adherence,
and are considered as the gold standard methods to heal
neuropathic plantar DFU with no evidence for ischemia
or uncontrolled infection.8 However, non-
removable
knee-high offloading devices are not widely used in clinical practice because patient preference or potential
adverse effects including muscle weakness, falls, new
ulcers due to poor fitting and knee or hip complaints.8–13
On the other hand, a wide range of removable offloading
devices are available but only few have been assessed in
large enough trials to compare reliably different removable offloading methods.14 Therefore, it remains some
uncertainty whether a specific kind of device may be
recommended as a second line if non-removable devices
are unavailable, contraindicated or not tolerated.
Orthèse Diabète is a new customized removable plantar
offloading device designed to allow offloading through
elimination of the weight bearing on the plantar wound
and limitation of the shearing forces (figure 1). It was made
with some specific and innovative features to improve
offloading including a permanent and integrated pressure measurement system to confirm offloading of the
wound. The device was fully described in a prior publication.15 In a monocentric (Department of Diabetes, Bichat
Hospital, Paris France) single-
arm pilot study, Orthèse
Diabète was tested in five patients with neuropathic DFU,
with a 3-month healing observed in four (80%) patients
(unpublished data). Given the specific features of this
new devices and this preliminary finding, we expected
2

Setting and participants
The trial was conducted in 13 secondary or tertiary care
French hospitals (the full list of centers and investigators
is provided in the online supplementary material). Participants were recruited among patients referred to each
center for DFU. The main eligible criteria were (i) age
over 18 years; (ii) diagnosis of type 1 or type 2 diabetes
based on the American Diabetes Association definition16;
(iii) sensory peripheral neuropathy (defined as abnormal
10 g monofilament test, ie, not perceived at least 2 times
in one of the three areas explored: pulp of the big toe,
first and fifth metatarsal heads)16 and (iv) one or more
plantar ulcerations with an area >0.25 cm2 or LLA wounds
(toes or transmetatarsal). We excluded patients with:
severe lower-extremity arterial disease (defined as ankle-
brachial index <0.7, or transcutaneous oxygen pressure
<30 mm Hg, or great toe pressure <30 mm Hg);17 severe
skin or bone infection requiring parenteral antibiotic
therapy or surgery; a large non-diabetic leg ulcer in the
homolateral leg (>20 cm2 of area); a contralateral above
heel amputation; weight over 130 kg (load limit of the
Orthèse Diabète); pregnancy or the likelihood of pregnancy; guardianship requirement and loss of functional
and/or neuropsychological autonomy. Demographic
characteristics, medical history, diabetes complications,
comorbidities, ongoing treatments, and wound characteristics were recorded at each visit.
Randomization
Study participants were randomly assigned to one of two
parallel groups: Orthèse Diabète or conventional device
according to a central computer-based 1:1 randomization (block sizes of four) without stratification. Successive
sequences of four treatment allocations were assigned
to each single center at the site level. The allocation
sequence was computer generated by the independent
contract research organization (UMANIS Life Science,
Paris, France).
Interventions
All included participants were managed according to
the standard of care and local guidance of practice. The
choice of the wound care frequency and dressing was left
BMJ Open Diab Res Care 2020;8:e000954. doi:10.1136/bmjdrc-2019-000954
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up to the investigator’s discretion, but systematic wound
debridement and hyperkeratosis removal were recommended. No other specific recommendations in terms of
treatments for wound infection, diabetes or other conditions related to the ulcer or not were given during the
study.
Orthèse Diabète
A complete description of the removable offloading
system ‘Orthèse Diabète’ has been published elsewhere.15
Briefly, Orthèse Diabète is a new customized removable
plantar knee-high offloading device that allows offloading
through limitation of the plantar pressure and that was
designed to reduce the shearing forces (figure 1). Orthèse
Diabète differs from other orthoses in its custom build and
a number of essential functions including: 1) a plantar
off-
loading function through the action of cast sole,
increases contact beyond the wound area and eliminates
weight-bearing on the wound; 2) a locking function for
the joints of the foot with a rigid connection enclosing
the leg and the foot in order to limit the shearing
forces; 3) a step progress function while walking to avoid
seeking the articulations of the foot. The inner sole (foot
interface) was designed with its own geometrical and
mechanical properties from foot scan. The offloading is
achieved by the excavation of the area facing the wound,
and a redistribution of the load in the healthy areas. To
promote wound healing, the brace system locks all joints
of the foot and ankle in a position of 3 degrees of foot
dorsiflexion. The device has an outsole with a moderate
roll-over shape to counterbalance the loss of mobility of
the foot and maintain a comfortable walking. A pressure
sensor is integrated in the insole area which has been
excavated to confirm the theoretical optimization of
the pressure field under the foot. Audible alarm sounds
if the wound is not correctly offloaded during walking
(threshold: 200 g/cm2). In the ORTHODIAB trial, this
function was activated only during onsite protocol visits
to ensure effectiveness of wound offloading. If the wound
was not correctly offloaded at a protocol visit the orthotist can modify the foot interface until the absence of
alarm. Data from the pressure sensor, available only in
the Orthèse Diabète group, was not used in the present
analysis since it was not planned in the study protocol. In
addition to the use of orthosis, technical aids (one or two
crutches) are recommended to improve offloading and
the stability of walking. Moreover, the patients were asked
to avoid prolonged or heavy physical activities, especially
on rough, wet or muddy ground.
Control group
This group included any standard or customized removable offloading devices labeled and available in France.
Non-removable offloading was not allowed during the
study period. The choice of the conventional device
was based on the local practices of each center. As for
the Orthèse Diabète group, technical aids (one or two
crutches) were recommended to improve offloading and
BMJ Open Diab Res Care 2020;8:e000954. doi:10.1136/bmjdrc-2019-000954

the stability of walking in addition to off-loading device.
Category of device prescribed was recorded at each visit.
During the period between randomization and device
provision, DFU offloading was achieved using some
temporary therapeutic shoes appropriately chosen by the
investigator according to location of the wound and each
center usual care.
Outcomes
The primary outcome was the proportion of patients with
complete healing of the index ulcer at the 3-month visit.
The index ulcer was defined as a unique ulcer, or as the
largest one if the patient has multiple (≥2) ulcerations
at baseline. Secondary outcomes included proportion
of patients with closure of the index plantar ulcer at
the 1-month, 2-month and 6-month visits, ; proportion
of patients with closure of all initial plantar ulcers at
1-month, 2-month, 3-month and 6-month visits; relative
(%) area reduction of the index plantar ulcer at 1-month,
2-month, 3-month and 6-month visits; time to healing of
the index ulcer; appearance of new ulcers (both recurrence of the index DFU after a successful primary healing
and new ulcers in different anatomic sites); new cases of
non-
traumatic LLA; incidence of infectious complications (defined as cutaneous, bone or systemic infections
related to foot wound and requiring antibiotic therapy
or surgery); self-reported adherence to offloading and
patient satisfaction with the prescribed device. The
primary and the first four secondary end points were
adjudicated by an independent End Point Adjudication
Committee according to the Prospective Randomized
Open-
Blinded End point (PROBE) design, in which
site investigators and patients were not blinded but end
point adjudicators were blinded.18 Adjudications were
based on analyses of standardized digital photographs of
the ulcer taken at each visit. Area of each plantar ulcer
were assessed using a Digital Photo Planimetry software (
Tracer.exe., University of Glamorgan, UK).19 Adherence to
offloading was evaluated using a semi-quantitative survey
suggested to patients at each visit (online supplementary
table S1). Patient satisfaction was evaluated at 3-month
visit using the Quebec User Evaluation of Satisfaction
with Assistive Technology survey.20
Reporting of adverse events
All adverse events were recorded and reviewed from
randomization to the end of follow-up. An adverse event
was defined as an untoward medical occurrence in participant that may or may not have had a causal relationship with the study treatment. A serious adverse event
was defined as any untoward medical occurrence that
resulted in life-threatening, death, persistent or major
disability, incapacity or hospitalization. Adverse events
and serious adverse events are monitored independently
by the Department of Pharmacovigilance of Dijon
University Hospital (Centre Régional de Pharmacovigilance de Bourgogne, Pôle des Pathologies Lourdes et des
Vigilances—CHU Le Bocage, Dijon, France).
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Figure 2 Trial profile. ITT, intention-to-treat; PP, per-
protocol.

Study schedules
Inclusion period started on the October 27, 2013 and
ended on the May 27, 2016. Device measurement and
casting were scheduled 7 days after randomization, and
the offloading system was delivered 7 days later. Each
participant was followed for a maximum period of 6.5
months. Follow-up visits were scheduled 1, 2, 3 and 6
months after the device delivery (online supplementary
figure S1). The dates of the first patient first visit and
the last patient last visit were November 28, 2013 and
November 30, 2016, respectively.
Statistical analyses
Based on results of a published randomized controlled
removable versus removtrials (RCT) comparing non-
able off-loading, we assumed that the healing rate will be
52% at 3 months for conventional removable devices,21
and based on our preliminary data, we assumed that the
3-month healing will be as high as 80% in the Orthèse
Diabète group. From this assumption to detect such a
difference with a statistical power of 80% for an alpha
level of 5% and a rate of discontinuation of 5%, we calculated that our study required at least 110 patients (55 for
each arm).
The analyses were performed according to the
intention-to-treat (ITT) principle, including all randomized participants, whether or not they have used the
protocol (PP) population
prescribed device. The per-
included all subjects from the ITT population, without
major deviations from the protocol, who participated in
4

the study from inclusion to the last follow-up visit and
who strictly conformed to study protocol.
Continuous variables are expressed as mean (SD), or
as median (25th, 75th percentiles) for those with skewed
distribution. Categorical variables are expressed as the
number of participants with corresponding percentage.
Missing data are presented in the characteristics tables,
they were not imputed as they were not used for end
point analysis.
Proportions of patients with wound closure were
compared between study arms at each visit using a χ2 test.
Time to reach wound closure was plotted using Kaplan-
Meier cumulative incidence curves according to randomization arms and compared using the log-rank test. Cox
proportional hazards regression model was fitted to
estimate HRs, with associated 95% CI, for the 3-month
likelihood of complete wound closure according to study
arms.
Logistic regression models were used to compare the
primary end point according to study arms in prespecified subgroups by gender, age, diabetes duration, hemoglobin A1c (HbA1c), history of diabetic kidney disease
and cardiovascular disease at baseline.
As sensitivity analyses, primary outcome was evaluated
in two adherent populations using two alternative criteria:
1) patients were considered adherent if they replied at
least at one visit the modality ‘always’ or ‘most of the
time’ to the three items of the semi-quantitative survey,
2) adherence score ≥8 (online supplementary table S1).
Statistical analyses were performed using SAS software,
V.9.4 (SAS Institute, Cary, North Carolina, USA).
Results
Characteristics of patients at baseline
Among 145 patients assessed for study eligibility, 112
participants were randomized (figure 2). The median
(25th, 75th percentiles) number of patients recruited by
each center was 4 (3, 6). We did not observe significant
difference between centers in term of characteristics of
patients at baseline, except for age, infection and lower-
limb arterial disease (online supplementary table S2).
In the whole study, participants were mainly men
(79%), with type 2 diabetes (89%), aged 62±10 years,
had a mean diabetes duration of 19±9 years and a mean
HbA1c of 8.1%±1.9%. The rate of renal and retinal
complications of diabetes were high in this population.
Characteristics of patients at baseline were well balanced
between study allocations (table 1).
Characteristics of DFU at baseline by study allocation are
displayed in table 2. History of previous DFU, ipsilateral
LLA and lower-extremity artery disease were reported at
baseline in 66%, 42% and 29% participants, respectively.
Hyperkeratosis was the most common peri-wound skin
issue. The duration of wound exceeded 2 weeks in 78%
participants and 17% patients had more than one DFU
at baseline. Type of wound care (wound and peri-wound
debridement) and dressings were similar between groups
BMJ Open Diab Res Care 2020;8:e000954. doi:10.1136/bmjdrc-2019-000954
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Table 1 Baseline characteristics of participants in the intention-to-treat population
Overall
Number
Female

Conventional

Orthèse Diabète

Missing data (n)

112
24 (21)

58
9 (16)

54
15 (28)

0

Age (years)

62±10

61±10

63±11

0

BMI (kg/m²)

31±6

30±6

31±5

4

77±11

76±12

78±10

12

SBP (mm Hg)

Heart rate (bpm)

136±18

135±18

137±19

7

DBP (mm Hg)

75±11

75±10

75±12

7

Diagnosed diabetes duration (years)

19±9

20±10

19±8

0

Type of diabetes

 

 

 

0

 1

12 (11)

8 (14)

4 (7)

 2

100 (89)

50 (86)

50 (93)

HbA1c

 

 

 

 (%)

8.1±1.9

8.2±2.1

8.0±1.6

65±20

66±17

64±13

 (mmol/mol)
2

19

eGFR (mL/min/1.73 m )

71±31

70±31

72±31

0

History of diabetic nephropathy

 

 

 

10

 Microalbuminuria

34 (30)

20 (34)

14 (26)

 Macroalbuminuria

22 (20)

12 (21)

10 (19)

 End-stage renal disease

11 (10)

6 (10)

5 (9)

History of diabetic retinopathy

 

 

 

 Non-proliferative

29 (26)

15 (26)

14 (26)

 Proliferative

38 (34)

22 (38)

16 (30)

Current smokers

20 (18)

13 (23)

7 (13)

3

History of coronary heart disease

25 (21)

17 (29)

8 (15)

3

1 (2%)

4

History of stroke

2 (2)

1 (2%)

6

Current treatments

 

 

 

 Insulin therapy

54 (48)

27 (47)

27 (50)

0

 Diuretics

17 (15)

10 (17)

7 (13)

0

 Beta-blocking agents

17 (15)

9 (16)

8 (15)

0

 Calcium channel blockers

21 (19)

11 (19)

10 (19)

0

 Renin-angiotensin system blockers

30 (27)

11 (19)

19 (35)

0

 Oral antibacterial

23 (21)

15 (26)

8 (15)

0

 Lipid-modifying agents
 Antithrombotic agents

38 (34)
35 (31)

18 (31)
16 (28)

20 (37)
19 (35)

0
0

Data expressed as number (percentage) of participants and mean±SD.
BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; SBP, systolic
blood pressure.

and alginate dressing was the most prescribed dressing in
each group. The wound debridement, the frequency and
type of dressing used were similar between groups.
Before screening, 28% participants in the conventional
group and 43% in the Orthèse Diabète group had prescribed
offloading device. The types of offloading provided by
investigators in the conventional group during the trial
are described in table 3. The most prescribed offloading
devices were removable offloading devices that did not
immobilize the ankle joint (67%).
BMJ Open Diab Res Care 2020;8:e000954. doi:10.1136/bmjdrc-2019-000954

Outcomes
The median duration of the treatment period was 189
(105, 201) days for the Orthèse Diabète group and 186
(175, 201) days for the conventional group. The mean
number of visits per patient was 5.5±1.1 and 5.5±1.0 in
the Orthèse Diabète and conventional groups, respectively.
The study allocation and the primary end point were not
significantly different between the study centers (online
supplementary table S2).
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Table 2 Baseline characteristics of wound
Number
Previous foot ulcer

Overall
112
74 (66)

Conventional
58

Orthèse Diabète
54

39 (67)

35 (65)

Wound location
44 (39)

23 (40)

21 (39)

 Toe

29 (32)

16 (35)

13 (29)

 Forefoot

39 (43)

16 (35)

23 (51)

 Midfoot

16 (17)

10 (22)

6 (13)

 Hindfoot

7 (8)

4 (8)

3 (7)

Wound duration

21
3 (3)

1 (2)

2 (4)

 1–2 weeks

17 (19)

8 (18)

9 (20)

 >2 weeks

71 (78)

37 (80)

34 (76)

Wound depth (mm)

1
21

 Right foot

 <1 week

Missing data (n)

5 (2 to 10)

5 (2 to 10)

6.5 (3 to 10)

21

Multiple ulcers (>1)

21 (17)

12 (21)

9 (17)

0

Infection

26 (23)

14 (24)

12 (22)

21

 Soft tissue infection

21 (19)

10 (17)

11 (20)

 Osteomyelitis

10 (9)

4 (7)

6 (11)

1.10±0.21

1.19±0.17

9 (19)

3 (7)

Ipsilateral ankle brachial index

1.14±0.19

 ≤0.9 range

12 (13)

 ≥1.40 range

11 (12)

5 (10)

6 (14)

Lower-extremity artery disease

33 (29)

19 (33)

14 (26)

 Ipsilateral

47 (42)

26 (45)

21(39)

  Toe

37 (79)

21 (81)

16 (76)

  Transmetatarsal

10 (21)

5 (19)

5 (24)

 Controlateral

16 (14)

4 (7)

12 (22)

  Toe

14 (77)

4 (100)

10 (83)

History of lower-limb amputation

  Transmetatarsal

20

2
0

2 (13)

0 (0)

2 (17)

Classification of index ulcer according PEDIS score*
 Perfusion
  Grade 1

83 (90)

42 (88)

41 (93)

  Grade 2

9 (10)

6 (12)

3 (7)

 Extent/Size (cm²)

1.4 (0.6 to 3.7)

1.2 (0.5 to 3.6)

1.6 (0.8 to 4.2)

 Depth/Tissue loss
69 (69)

32 (65)

37 (72)

  Grade 2

22 (22)

12 (25)

10 (20)

  Grade 3

9 (9)

5 (10)

4 (8)

  Grade 1

65 (71)

32 (70)

33 (74)

  Grade 2

16 (18)

10 (21)

6 (13)

  Grade 3

10 (11)

4 (9)

6 (13)

 Infection

21

 Sensation
  Grade 2
Clinical status of the wound bed tissue

0
12

  Grade 1

  Grade 1

20

0
0
112 (100)

0

0

58 (100)

54 (100)
1
Continued
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Table 2 Continued
 Granulation tissue

43 (38)

18 (31)

25 (46)

 Sloughy

44 (39)

18 (31)

26 (48)

 Heterogenous

4 (4)

3 (5)

1 (2)

 Necrotic

2 (2)

0 (0)

2 (4)

12 (11)

7 (12)

5 (9)

6 (5)

4 (7)

2 (4)

56 (50)

30 (52)

26 (48)

 Hemorrhagic
 Infected
Hyperkeratosis
Type of dressing

1

 Fat

23 (21)

10 (17)

13 (24)

 Hydrocolloid

10 (9)

7 (12)

3 (6)

 Hydrogel

0 (0)

0 (0)

0 (0)

 Alginate

56 (50)

33 (57)

23 (43)

 Hydrofibre

7 (6)

2 (3)

5 (9)

 Antimicrobial

2 (2)

0 (0)

2 (4)

18 (16)
39 (35)

8 (14)
16 (28)

10 (19)
23 (43)

 Others
Offloading before inclusion

1

21

Data expressed as number (percentage) of participants and mean±SD or median (25th, 75th percentiles) for continuous variables with
skewed distribution (wound depth). Missing data are presented as number of participants.
*From Schaper.33

The primary outcome, the full healing of the index
ulcer at the 3-
month visit, was achieved in 19 (33%)
patients in the conventional group and 19 (35%) in the
Orthèse Diabète group (p=0.79) according to ITT analysis
(table 4).
This result was similar in different subgroups (online
supplementary figure S2) and adherent population
(online supplementary table S3). No significant difference was observed in terms of prespecified secondary
outcomes including the median time to reach wound
closure (81 (61, 102) vs 85 (66, 103) days in conventional
and experimental groups, respectively, p=0.80), and the
occurrence of new plantar DFU (25% vs 27%, p=0.82),
ipsilateral LLA (4% vs 10%, p=0.20) or infectious complications (14% vs 13%, p=0.68) (table 4 and online supplementary figure S3). There was a non-significant trend for

Table 3 Type of offloading devices prescribed in the
conventional group during the study
Offloading devices
Removable knee-high offloading
Removable offloading devices that did not
immobilize the ankle joint

Conventional
group (n=58)
9 (16%)
39 (67%)

Footwear or padded slipper with customized
insole

6 (10%)

Footwear or padded slipper without
customized insole

2 (3%)

Wheelchair or confined to bed

1 (2%)

Unknown

1 (2%)

BMJ Open Diab Res Care 2020;8:e000954. doi:10.1136/bmjdrc-2019-000954

a higher rate of wound closure at 1 month in the Orthèse
Diabète than the conventional group (17% vs 7%, p=0.11).
Offloading observance and satisfaction
The self-reported overall adherence to offloading was
significantly lower in the experimental than the conventional group (46% vs 66%, p=0.04) (online supplementary table S4). Global satisfaction at 3-month visit was also
similar between groups (online supplementary table S5).
No item of the satisfaction survey was statistically significantly different between study arms. Although, participants reported a much easier use of the offloading device
in the conventional group (34% vs 13% in the Orthèse
Diabète group) and a better follow-up quality in the Orthèse
Diabète group (28% vs 11% in the conventional group).
Safety outcomes
The incidence of adverse events (including non-serious
and serious adverse events) were not different between
groups (54% vs 46% in Orthèse Diabète and conventional
groups, respectively, p=0.24), except for those believed
to be related to the offloading device, which were significantly higher in Orthèse Diabète than the control group
(15% vs 4%) (table 4). Four deaths occurred during the
study period (one in the conventional group and three
in Orthèse Diabète group) with no significant difference
between study arms. Deaths were judged as not related
to device or DFU worsening but to other causes (one
sudden death, two ventricular arrhythmias with cardiac
arrest and one pancreatic cancer). A detailed list of the
other adverse events occurring during the follow-
up
7
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Table 4 Primary, secondary and safety study outcomes
Primary outcome
Blinded assessment of wound closure of the index
plantar ulcer at the 3-month visit*
Blinded assessment of wound closure of the index
plantar ulcer at the 3-month visit

Cohort

Conventional group Orthèse Diabète P value

ITT

19 (33)

19 (35)

0.79

PP

18 (34)

17 (37)

0.76

Secondary outcomes
Closure of the index plantar ulcer
 1-month visit

ITT

4 (7)

9 (17)

0.11

 2-month visit

ITT

15 (26)

17 (31)

0.51

 6-month visit

ITT

28 (48)

31 (57)

0.33

 1-month visit

ITT

4 (7)

8 (15)

0.19

 2-month visit

ITT

12 (21)

13 (24)

0.82

 3-month visit

ITT

17 (30)

18 (33)

0.84

 6-month visit

ITT

24 (42)

23 (43)

0.96

 1-month visit

ITT

63 (52 to 74)

58 (47 to 70)

0.56

 2-month visit

ITT

76 (67 to 85)

77 (68 to 87)

0.88

 3-month visit

ITT

85 (76 to 94)

85 (76 to 94)

0.96

Closure of all initial plantar ulcers

Relative area reduction of the index plantar ulcer (%)

 6-month visit

ITT

87 (79 to 94)

92 (85 to 99)

0.33

Estimated time to reach closure of the index plantar
ulcer (days)

ITT

81 (61 to 102)

85 (66 to 103)

0.80

New plantar ulcer

ITT

14 (25)

14 (27)

0.82

Ipsilateral limb-amputation

ITT

2 (4)

5 (10)

0.20

Infectious complication

ITT

8 (14)

7 (13)

0.68

Safety

16 (28)

19 (28)

0.97

Any serious adverse events

Safety

41 (72)

48 (72)

0.97

Any adverse events related to offloading device

Safety

2 (4)

10 (15)

0.03

Adverse events leading to discontinuation

Safety

0

3 (4)

0.11

All-cause hospitalization
Death

Safety
Safety

18 (27)
3 (4)

0.11
0.39

Safety
Any adverse events

23 (40)
1 (2)

Data presented as number (percentage) of participants and compared using χ2 test, except relative area reduction and estimated time to
reach closure of the index plantar ulcer, which are presented as median (25th, 75th percentiles) and compared by using Wilcoxon test.
P<0.05 was considered as significant.
*End points were assessed at 2-month visit in 13 participants for whom no data were available at 3-month visit in the ITT cohort analysis (see
figure 2).
ITT, intention to treat; PP, per protocol.

period according to study allocation are reported in
online supplementary table S6.
Conclusions
This multicenter randomized, open-label trial, did not
show any superiority of a new customized removable
knee-
high offloading system compared with conventional removable devices in terms of healing of neuropathic plantar DFU. This result was reliable in different
study populations and subgroups. Study groups were
8

also comparable in terms of prespecified secondary end
points including reduction of ulcer area, time to reach
ulcer closure and occurrence of new ulcers, LLA, or
infectious complications.
As far as we know, our study is one of the first RCTs evaluating blinded end points in patients with DFU. Bus et
al, conducted the first single‐blinded multicenter RCT to
compare three removable offloading devices for neuropathic DFU healing.14 They did not observe significant
differences in healing efficacy between the three devices.
BMJ Open Diab Res Care 2020;8:e000954. doi:10.1136/bmjdrc-2019-000954
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Our study also showed that Orthèse Diabète, a removable
knee-
high offloading device immobilizing all joints
of the foot and ankle, did not improve DFU healing
compared with standard removable devices. Similar
result was observed after exclusion of participants (n=9)
from whom removable knee-high offloading devices were
prescribed (post hoc analysis, not shown).
The rate of 3-month healing was lower than expected
and compared with previous RCTs investigating neuropathic DFU.9 14 21–23 This is a clear limitation of the
present study; our statistical considerations regarding
power calculation were too optimistic and did not fit with
the observed rate of healing. Another explanation could
be related to the blinded and independent adjudication
process based on consensual decision between the three
experts using remote photographic tools. In a post hoc
analysis, the unblinded rate of the 3-month complete
healing reported by the local investigators was higher
than those established by the blinded adjudicators: 49%
(Orthèse Diabète) vs 36% (conventional), p=0.18. Furthermore, local investigators judged the wound healed or
highly improved at 3 months in 83% (Orthèse Diabète) vs
66% (conventional) participants (p=0.05), which is much
more consistent with previous RCTs without adjudication
process.
We also observed a high rate of adverse events and
serious adverse events, which may be explained by inclusion of participants with severe disease and associated
conditions. Of note, the number of participants experiencing any offloading device-related adverse events was
higher in the Orthèse Diabète group compared with the
conventional one. This may be explained by the physical
composition of Orthèse Diabète, heavier and greater than
usual devices, which could be responsible for conflicting
wounds, trauma or falls. However, the rates of any adverse
events, any serious adverse events, adverse events leading
to discontinuation, all-
cause hospitalization, LEA and
infectious complications were comparable between
study groups. We also reported a high occurrence of new
plantar ulcers. A very high rate of DFU recurrence is well
established and previously reported.1 24 25 Apelqvist et al
reported that 34% of patients with DFU developed a new
foot ulcer after 1 year of follow-up, and this may reach
70% after 5 years. In our study, the 6-month rate of new
plantar ulcers seems to be high (25% and 27% of participants in control and experimental group, respectively),
but it included the recurrence of the index DFU (after a
successful primary healing) and new ulcers in different
anatomic sites.
The main strength of our study was its robust methodology and design—a randomized, open-
label trial,
with a blinded end point evaluation by an adjudication
committee according to the PROBE method in a large
national setting of 13 secondary and tertiary centers in
France. A double-blind design was obviously not feasible
due to ostensible aspect of the offloading devices. We
chose a PROBE method, using a strict randomization
procedure for allocation and blinded assessment of
BMJ Open Diab Res Care 2020;8:e000954. doi:10.1136/bmjdrc-2019-000954

the primary and some secondary outcomes, to reduce
methodological bias.18 Moreover, wound healing
outcomes were analyzed in ITT population to avoid non-
compliance, protocol deviations or withdrawal which
could be high in offloading trials.26–28 Our study fulfills
the most recent recommendations for the planning and
reporting of intervention studies on the management of
DFU.29 30 Furthermore, ORTHODIAB is also the largest
randomized trial assessing an offloading system in DFU
population with comprehensive clinical data at baseline and prespecified end points as well as observance,
satisfaction, safety and tolerability assessments during
6-month follow-up.
The main limitation of our trial could be the use of
different removable devices in the control group instead
of a single comparator. We did not choose a single
comparator because of the lack of a gold standard tool
among the removable devices, the wide range of different
practices between centers and the offloading methods
may vary according to the wound size and anatomic locations. Otherwise, our selection criteria yield the inclusion
of a broad types of wound, from superficial neuropathic
ulcer to non-severe lower-extremity arterial disease, skin
and soft skin infections and osteomyelitis, except those
needing parenteral antibiotics or surgery. This selection criteria could introduce bias as the healing of an
infected or ischemic wound depend on other aspects
of care further than offloading, which are not assessed
in our study. We also included LLA wounds, although
these wounds likely have different healing trajectories
than chronic plantar ulcerations. However, our selection
criteria may allow the generalisability of our results to a
larger DFU population.
Of note, Orthèse Diabète was equally efficacious than the
conventional removable devices despite its significantly
lower rate of overall adherence (46% vs 66%). However,
even it is tempting to speculate that Orthèse Diabète might
be more efficient if it was more frequently worn, we are
aware of the obvious limitations of the self-
reported
adherence assessment methods used here. Indeed, self-
reported adherence survey have been shown to be unreliable.31 32 Furthermore, we did not assess the plantar
pressure reductions and weight-bearing activity, which
along with adherence heavily influence healing outcomes
in DFU.14 29
Taken together, our findings suggest that the outcomes
associated with the use of Orthèse Diabète (similar DFU
healing and patient satisfaction with lower adherence
rate and some higher adverse events) outweigh any of the
potential benefits of using this new tool over usual removable offloading devices for clinical practice. So, this new
device cannot be recommended in DFU management.
Also, the lack of standardization in the control group
limits the conclusions that can be made in comparing the
control group with Orthèse Diabète.
Overall, in this multicenter study, we showed that
Orthèse Diabète, a new customized removable knee-high
offloading orthosis, did not significantly improve wound
9
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healing in participants with neuropathic DFU, with no
severe infection or lower-
extremity arterial disease,
compared with conventional non-
removable devices.
Orthèse Diabète was also less regularly worn emphasizing
the need to develop specific process to enhance removable offloading adherence and encourage patients to
consistently wear removable devices and then improve
DFU healing.
Author affiliations
1
Diabetology, Endocrinology and Nutrition, Bichat Hospital, Assistance Publique-
Hôpitaux de Paris, Paris, Île-de-France, France
2
Université de Paris, Paris, Île-de-France, France
3
Endocrinology, Diabetology and Nutrition, Centre Hospitalier Universitaire de
Reims, Reims, France
4
Diabetology, Centre Hospitalier Sud Francilien, Corbeil-Essonnes, Paris, France
5
Department of Diabetology, Endocrinology and Nutrition, Centre Hospitalier
Universitaire de la Réunion, Saint Denis de la Réunion, France
6
Endocrinology Department, Hôpital Bégin, Saint-Mandé, France
7
APHP, Hôpital Corentin-Celton, Centre de Cicatrisation du Pied du Diabétique, Issy
les Moulineaux, France
8
Department of Diabetology, Endocrinology and Nutrition, Centre Hospitalier
Gonesse, Gonesse, France
9
Department of Functional Rehabilitation, Centre Hospitalier La Tourmaline, La
Tourmaline, France
10
Department of Diabetology, Endocrinology and Nutrition, Centre Hospitalier
Régional de Metz—Thionville, Thionville, France
11
Department of Endocrinology, Diabetology and Nutrition, CHRU Montpellier,
Montpellier, France
12
INSERM U1046, University of Montpellier 1, Montpellier, France
13
Department of Endocrinology, Diabetology and Nutrition, CHU Bordeaux, Haut
Lévèque Hospital, Pessac, France
14
Department of Life and Health Sciences, University of Bordeaux, Bordeaux,
Aquitaine, France
15
INSERM CIC 1402, University of Poitiers, CHU Poitiers, Poitiers, France
16
INSERM, UMR_S 1138, Centre de Recherche des Cordeliers, Paris, France
17
Vascular Surgery Department, Bichat Hospital, Assistance Publique-Hôpitaux de
Paris, Paris, Île-de-France, France
Acknowledgements The authors would like to thank Eric Deschamps from
PROTEOR for the customization of the Orthèse Diabète, Miss Caroline Hilbert
and Mister Jérôme Fernandes from the UMANIS Life Science (Paris. France) for
the project management and the statistical analyses as well as Doctor Sabrina
PIERRE and colleagues from the Pharmacovigilance Department (Vigilance des
essais cliniques, Centre Régional de Pharmacovigilance de Bourgogne, pôle des
Pathologies Lourdes et des Vigilances, Dijon University Hospital, Dijon, France) for
safety assessment and monitoring. The authors would also like to thank Mister
Tony Bocock (Better Buying Concepts), who checked the English editing of this
manuscript. The full trial protocol can be accessed on request.
Contributors KM, J-CD, DM and MM designed the study and wrote the protocol.
LP and KM wrote the manuscript. MFr, DD, MFe, NB, EN-D, MD, LB, RD, AC,
D-FE, TCA, AS, LB-B, VR, EG, P-JS, GV, RR, QP, J-CD, DM and MM contributed to
discussion and made critical revision of the manuscript. All authors approved the
current version of the manuscript. KM and LP take the full responsibility for the
content of the manuscript.
Funding This work was supported by French Society for the study of Diabetes
(Société Francophone du Diabète) and sponsored by PROTEOR group (St
Apollinaire, France) that manufactures the Orthèse Diabète.
Competing interests LP reports receiving personal fees from Novo Nordisk,
Lilly, Sanofi and Servier and grants from Sanofi, outside the submitted work; RR
is an advisory panel member for AstraZeneca, Sanofi, MSD, Eli Lilly, Novo Nordisk,
Vaiomer and Physiogenex; is a speaker for Bayer and Servier and has received
research funding and provided research support to Danone Research, Diabnext,
Boehringer-Ingelheim, Amgen, Sanofi and Novo Nordisk. MM reports receiving
personal fees from Novo Nordisk, Sanofi, Eli Lilly, Servier, Merck, Sharp and Dohme,
Abbott, Novartis and AstraZeneca and grant support from Novo Nordisk, Sanofi,
Eli Lilly, Merck Sharp and Dohme and Novartis, outside the submitted work; KM

10

reports receiving personal fees from Novo Nordisk, Sanofi, Eli Lilly, Proteor and
AstraZeneca, and travel support from Novo Nordisk, Sanofi, Boehringer Ingelheim
and Takeda outside the submitted work.
Patient consent for publication Not required.
Ethics approval The study protocol was approved by the ANSM agency (Agence
nationale de sécurité du médicament et des produits de santé; The French National
Agency for Medicines and Health Products Safety) and by the ethics committee
of Saint-Louis University Hospital, Paris (Institutional Review Board; Agreement of
US Department of Health and Human Services N° IRB 00003835). Comprehensive
information on the study including a Patient Information Sheet has been provided
to each patient who must give written informed consent before enrollment. Four
amendments were approved by the Institutional Review Board regarding the
extension of inclusion period (from 18 to 24 months), integration of further centers
and investigators and inclusion of six additional participants because of more loss
of follow-up than expected.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
ORCID iDs
Louis Potier http://orcid.org/0000-0001-6268-7360
Dured Dardari http://orcid.org/0000-0002-7172-4300

References

1 Armstrong DG, Boulton AJM, Bus SA. Diabetic foot ulcers and their
recurrence. N Engl J Med 2017;376:2367–75.
2 Resnick HE, Carter EA, Sosenko JM, et al. Incidence of lower-
extremity amputation in American Indians: the strong heart study.
Diabetes Care 2004;27:1885–91.
3 Boulton AJM, Vileikyte L, Ragnarson-Tennvall G, et al. The global
burden of diabetic foot disease. Lancet 2005;366:1719–24.
4 Moxey PW, Hofman D, Hinchliffe RJ, et al. Epidemiological study
of lower limb amputation in England between 2003 and 2008. Br J
Surg 2010;97:1348–53.
5 Fromy B, Abraham P, Bouvet C, et al. Early decrease of skin blood
flow in response to locally applied pressure in diabetic subjects.
Diabetes 2002;51:1214–7.
6 Koïtka A, Abraham P, Bouhanick B, et al. Impaired pressure-induced
vasodilation at the foot in young adults with type 1 diabetes.
Diabetes 2004;53:721–5.
7 Elraiyah T, Prutsky G, Domecq JP, et al. A systematic review and
meta-analysis of off-loading methods for diabetic foot ulcers. J Vasc
Surg 2016;63:59S–68.
8 Bus SA, Armstrong DG, van Deursen RW, et al. IWGDF guidance on
footwear and offloading interventions to prevent and heal foot ulcers
in patients with diabetes. Diabetes Metab Res Rev 2016;32:25–36.
9 Armstrong DG, Nguyen HC, Lavery LA, et al. Off-loading the
diabetic foot wound: a randomized clinical trial. Diabetes Care
2001;24:1019–22.
10 Nabuurs-Franssen MH, Sleegers R, Huijberts MSP, et al. Total
contact casting of the diabetic foot in daily practice: a prospective
follow-up study. Diabetes Care 2005;28:243–7.
11 Wukich DK, Motko J. Safety of total contact casting in high-risk
patients with neuropathic foot ulcers. Foot Ankle Int 2004;25:556–60.
12 Wu SC, Jensen JL, Weber AK, et al. Use of pressure offloading
devices in diabetic foot ulcers: do we practice what we preach?
Diabetes Care 2008;31:2118–9.
13 Fife CE, Carter MJ, Walker D. Why is it so hard to do the right thing
in wound care? Wound Repair Regen 2010;18:154–8.
14 Bus SA, van Netten JJ, Kottink AI, et al. The efficacy of removable
devices to offload and heal neuropathic plantar forefoot ulcers in
people with diabetes: a single-blinded multicentre randomised
controlled trial. Int Wound J 2018;15:65–74.
15 Mohammedi K, Potier L, François M, et al. The evaluation of
off-loading using a new removable oRTHOsis in diabetic foot
(ORTHODIAB) randomized controlled trial: study design and rational.
J Foot Ankle Res 2016;9:34.
16 Standards of medical care in Diabetes-2016: summary of revisions.
Diabetes Care 2016;39:S4–5.

BMJ Open Diab Res Care 2020;8:e000954. doi:10.1136/bmjdrc-2019-000954

BMJ Open Diab Res Care: first published as 10.1136/bmjdrc-2019-000954 on 11 May 2020. Downloaded from http://drc.bmj.com/ on November 27, 2021 by guest. Protected by copyright.

Clinical Care/Education/Nutrition

17 Brownrigg JRW, Hinchliffe RJ, Apelqvist J, et al. Effectiveness of
bedside investigations to diagnose peripheral artery disease among
people with diabetes mellitus: a systematic review. Diabetes Metab
Res Rev 2016;32:119–27.
18 Hansson L, Hedner T, Dahlöf B. Prospective randomized open
blinded end-point (probe) study. A novel design for intervention
trials. prospective randomized open blinded end-point. Blood Press
1992;1:113–9.
19 Plassmann P. Measuring wounds. J Wound Care 1995;4:269–72.
20 Demers L, Weiss-Lambrou R, Ska B. Item analysis of the Quebec
user evaluation of satisfaction with assistive technology (quest).
Assist Technol 2000;12:96–105.
21 Armstrong DG, Lavery LA, Wu S, et al. Evaluation of removable and
irremovable cast walkers in the healing of diabetic foot wounds: a
randomized controlled trial. Diabetes Care 2005;28:551–4.
22 Caravaggi C, Sganzaroli A, Fabbi M, et al. Nonwindowed
nonremovable fiberglass off-loading cast versus removable
pneumatic cast (AircastXP diabetic Walker) in the treatment of
neuropathic noninfected plantar ulcers: a randomized prospective
trial. Diabetes Care 2007;30:2577–8.
23 Faglia E, Caravaggi C, Clerici G, et al. Effectiveness of removable
Walker cast versus nonremovable fiberglass off-bearing cast in the
healing of diabetic plantar foot ulcer: a randomized controlled trial.
Diabetes Care 2010;33:1419–23.
24 Apelqvist J, Larsson J, Agardh CD. Long-Term prognosis for diabetic
patients with foot ulcers. J Intern Med 1993;233:485–91.
25 Ghanassia E, Villon L, Thuan Dit Dieudonné J-F, et al. Long-
Term outcome and disability of diabetic patients hospitalized for

BMJ Open Diab Res Care 2020;8:e000954. doi:10.1136/bmjdrc-2019-000954

26

27
28

29

30
31
32

33

diabetic foot ulcers: a 6.5-year follow-up study. Diabetes Care
2008;31:1288–92.
Armstrong DG, Lavery LA, Kimbriel HR, et al. 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.
Knowles EA, Boulton AJ. Do people with diabetes wear their
prescribed footwear? Diabet Med 1996;13:1064–8.
Waaijman R, Keukenkamp R, de Haart M, et al. Adherence to
wearing prescription custom-made footwear in patients with
diabetes at high risk for plantar foot ulceration. Diabetes Care
2013;36:1613–8.
Jeffcoate WJ, Bus SA, Game FL, et al. Reporting standards of
studies and papers on the prevention and management of foot
ulcers in diabetes: required details and markers of good quality.
Lancet Diabetes Endocrinol 2016;4:781–8.
Price P, Gottrup F, Abel M. Ewma study recommendations: for
clinical investigations in leg ulcers and wound care. J Wound Care
2014;23:S1–36.
Jarl G, Lundqvist L-O. Adherence to wearing therapeutic shoes
among people with diabetes: a systematic review and reflections.
Patient Prefer Adherence 2016;10:1521–8.
Lazzarini PA, Crews RT, van Netten JJ, et al. Measuring plantar
tissue stress in people with diabetic peripheral neuropathy: a critical
concept in diabetic foot management. J Diabetes Sci Technol
2019;13:869–80.
Schaper NC. Diabetic foot ulcer classification system for research
purposes: a progress report on criteria for including patients in
research studies. Diabetes Metab Res Rev 2004;20:S90–5.

11

BMJ Open Diab Res Care: first published as 10.1136/bmjdrc-2019-000954 on 11 May 2020. Downloaded from http://drc.bmj.com/ on November 27, 2021 by guest. Protected by copyright.

Clinical Care/Education/Nutrition

