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Abstract
Background: Patients with diabetes mellitus are exposed to important complications. Currently
little evidence exist on the guidelines that these patients, at some risk of foot ulceration, should
follow for physical exercise.
Objectives: To reach a consensus among multidisciplinary and international experts on physical
activity/exercise recommendations for patients with diabetes, according to foot ulcer risk.
Methods: Using a three-round Delphi method, a panel composed of 28 multidisciplinary experts
in the management of diabetic foot assessed 109 recommendations on physical activity/exercise
for patients with diabetes mellitus, according to their risk of foot ulcer. Consensus was assumed
when 80% of responses matched the same category (agreement/disagreement).
Results: Twenty-nine experts participated in the first and second rounds of consultation, and
twenty-eight did so in the third, reaching final agreement on 86 of the 109 recommendations
considered (78.9%). The study, thus, generated a consensus set of recommendations concerning
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different aspects of diabetic footcare before, during, and after exercise (e.g. when to examine
the foot, how to assess it, what type of sock and insole to use, what types of exercise to perform,
and when it is advisable to return to activity after an ulceration).
Conclusion: This Delphi study generated recommendations based on the consensus of interna-
tional experts on physical activity and exercise by patient with diabetes at risk of ulceration.
Recommendations considered the state of the foot and the patient’s history and status before
physical activity and included information on intensity, duration, frequency, and progressions of
physical activity/exercise, and the use of custom-made plantar orthoses, shoe prescription, and
the convenience of returning to physical activity after an ulceration.
© 2023 The Authors. Published by Elsevier España, S.L.U. on behalf of Associação Brasileira de
Pesquisa e Pós-Graduação em Fisioterapia. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
Introduction

According to the International Diabetes Federation (IDF), in
2019, 135.6 million people aged 65 years or more had diabe-
tes, equivalent to 19.3% of the total population with diabe-
tes worldwide. Moreover, if present trends continue, the
number of people aged 65 years or over with diabetes will
rise to 195.2 million by 2030 and 276.2 million by 2045.1

People with diabetes mellitus (DM) are at increased risk
of developing serious health problems that could lead to a
poorer quality of life and increase healthcare costs.2 One
such problem is foot ulcers, which are associated with
increased morbidity, mortality, and healthcare costs.3,4 It
has been estimated that 15�25% of people with diabetes
will be affected by a foot ulcer at some point in their
lives.5,6

Diabetes induces characteristic pathological changes in
the feet, such as infection, diabetic foot ulcer, and neuro-
arthropathy, broadly termed diabetic foot syndrome.7 This
condition is normally addressed by preventive strategies
including patient education, risk stratification, and regular
foot evaluations for peripheral vascular disease and neurop-
athy.8 In addition, physical activity and exercise enhance
glycemic control and nerve function for people with DM,
hence reducing the risk of diabetic neuropathy, a major risk
factor for foot ulcers.

Physical activity is defined as any movement that
increases energy use, as distinct from exercise, which is a
planned and structured physical activity. Physical activity
improves blood glucose control in type 2 DM, reduces cardio-
vascular risk, contributes to weight loss, and enhances well-
being.9,10 If performed regularly, it can prevent or delay the
development of type 2 DM.11

Although physical activity and exercise are recommended
for people with DM,12�14 information is scarce on the type of
activity most suitable for people at risk of developing foot
ulcers (e.g., those with neuropathy, peripheral arterial dis-
ease [PAD], or foot deformities) and on the specific impact
made by physical activity on the foot and on the risk of
ulceration.

Patients with diabetes with impaired protective sensi-
tivity and restricted pain response are vulnerable to
trauma and extrinsic forces from ill-fitting footwear.
Motor neuropathy causes muscle weakness and an intrin-
sic muscle imbalance that can lead to deformities such
as hammer or claw toes, which in turn create elevated
plantar pressure due to instability of the
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metatarsophalangeal joint. For this reason, performing
physical activity or exercise without medical supervision
can create a risk for persons with DM.15

In clinical practice, uncertainty remains about the best
type and intensity of exercise for these patients, especially
those at high risk of developing a foot ulceration or re-ulcer-
ation. Accordingly, the aim of this study was to reach a con-
sensus among multidisciplinary and international experts on
recommendations for physical activity/exercise by people
with DM, according to their risk of foot ulcers.
Methods

Study design

This observational, cross-sectional, descriptive study was
conducted using a three-round Delphi technique,16 that is
commonly used to identify areas of agreement among
experts in diverse areas of knowledge17�19 in the absence of
full agreement or when knowledge is incomplete, uncertain
or unproven.20 The Delphi method offers several advantages
over other consensus techniques such as focus groups or
nominal groups. First, it does not require the physical pres-
ence of the experts, enabling them to participate at a dis-
tance in space and time. In addition, the anonymity
provided fosters free expression and minimizes the influence
of opinion leaders. Specifically, the present study was con-
ducted following the CREDES guide (Conducting and REport-
ing of DElphi Studies),21 details of which have been
published previously.22 This study was approved by the
Office for Responsible Research at our institution. No autho-
rization from the ethics committee was required, as no per-
sonal patient data were used.

Participants

Four experts working in Spain in the field of diabetic foot
(two endocrinologists, a podiatrist, and a physical therapist)
were recruited to the scientific committee. These experts,
selected out of convenience from the research group’s pro-
fessional network, conducted the critical review of the first
version of the Delphi survey created by the research team,
reviewed the selection criteria for the expert panel, and
identified other experts to participate in the study.

An expert panel was formed to elicit the opinions of
international, multidisciplinary experts working in various
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Fig. 1 Specialties of expert panelists.

Brazilian Journal of Physical Therapy 27 (2023) 100500
fields related to the management of diabetic foot (endocri-
nology, family medicine, vascular surgery, podiatry, physical
therapy, and physical activity and sports), through an online
Delphi survey to be completed individually and anony-
mously.

There are no firm recommendations regarding the opti-
mal size of a Delphi panel in heterogeneous samples. In
recent Delphi studies, some panels have included as many as
60 members,17,23 while others have had 40,24 or as few as
19.18 In our study, invitations were emailed to 60 professio-
nals with clinical and scientific experience in diabetes and
who met the study selection criteria (these are specified in
detail in the study protocol). Twenty experts were initially
selected from each group.22 The panelists were not required
to be physically present, but only to respond online to the
Delphi survey questions, within the stipulated period.

Delphi method

The research group developed an adapted version of the Del-
phi survey based on a literature review of guidelines related
to physical activity and diabetes14,25�39 The scientific com-
mittee then reviewed and modified this draft survey to cre-
ate a final version. Foot risk was stratified in accordance
with the guidelines published by the International Working
Group on the Diabetic Foot (IWGD), as follows: risk 0 (very
low risk): no loss of protective sensation (LOPS) and no PAD;
IWGDF risk 1 (low risk): LOPS or PAD; IWGDF risk 2 (moderate
risk): LOPS + PAD, or LOPS + foot deformity, or PAD + foot
deformity; IWGDF risk 3 (high risk): LOPS or PAD, and one or
more of the following; history of foot ulcer, a lower-extrem-
ity amputation (minor or major), end-stage renal disease.12

The final Delphi survey consisted of 50 statements, with a
total of 109 items, grouped into recommendations for
before, during, and after physical activity/exercise (Supple-
mentary Material 1). A pilot study was conducted with 10 of
the panelists to ensure that the survey items were readily
comprehensible and that its method of application was
appropriate.

A letter of invitation, following the script proposed by
Jon Landeta,40 was sent by email to the professionals
selected for the expert panel. This letter included a link to
access the online survey created using Google Forms. The
professionals who accepted this invitation were asked to
rate their level of agreement or disagreement with each sur-
vey item on a 5-point Likert scale, ranging from 1 = total dis-
agreement, to 3 = neither agreement nor disagreement, and
5 = total agreement. A free text space was also provided for
each survey item, where the panelist could make any com-
ment considered appropriate.

The Delphi process consisted of three rounds. After per-
forming the pilot study, which proceeded without sugges-
tions being offered, the first round commenced on 12 June
2021. The panelists were given eight weeks to complete the
survey, during which time three reminders were sent, if nec-
essary, to maximize the response rate. After the first round,
the researcher responsible for maintaining the participants’
confidentiality downloaded the data into an Excel sheet,
which was then analyzed by the entire team. The second
and third rounds began on 19 September and 23 October
2021, respectively, inviting responses from the experts who
had participated in the previous rounds. In this case the
3

panelists were given two weeks to respond to each round,
which included only the items that had not previously pro-
duced a consensus, and to provide, if they wished, explana-
tory comments in the free-form text fields. The final list of
recommendations was based on the items for which a con-
sensus was reached.

Statistical analysis

The panelists’ specialties and countries were characterized
by absolute and relative frequencies. Their responses to
each survey item were analyzed in terms of the percentage
of response categories obtained, as is the case in most of the
studies cited in the CREDES guide.21 Ratings of 4 or 5 were
considered to indicate “agreement” and of 1 or 2 “disagree-
ment.” When a response category was agreed upon by 80%
or more of the panelists, the statement was considered to
have obtained consensus,41 and it was omitted from the fol-
lowing round of consultation. All analyses were performed
using the Microsoft Excel program (Microsoft, Redmond, WA,
USA).
Results

In the first round, 29 experts (48.3% response rate)
responded to the Delphi survey. By specialties, 10 of these
participants were experts in physical activity, sports scien-
ces, or physical therapy, 10 were podiatrists and 9 were
endocrinologists, family physicians, or vascular surgeons
(Fig. 1). Most were of Spanish nationality, but a significant
number of panelists from other countries also took part
(Table 1).

In no case did disagreement among the panelists reach
80%, and so none of the items were directly eliminated. The
results of the first round are provided in Supplementary
Material 2 � S.1. This round took 73 days due to provided
extension time. Consensus was reached on 42 items (38.5%),
and the remaining 67 items were included in the second
round of the survey. After reviewing the panelists’ com-
ments, some items were reformulated or qualified, but
there were no fundamental changes to the original meaning
(the modifications are detailed in Supplementary Material 2
� S.2). The research team drafted a report on the round 1
results, which was sent to the panelists together with the
round 2 survey.



Table 1 Nationalities of expert panelists.

Country No. panelists

United States 2
Canada 1
Italy 3
Spain 16
Chile 1
United Kingdom 2
Netherlands 1
Portugal 2
Dominican Republic 1
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The second round, which took 24 days, during which the
panelists received two reminders, achieved a response rate
of 100% (n = 29) (Supplementary Material 2 � S.3). A consen-
sus was reached on another 34 of the survey items (31.2%),
leaving 33 items to be repeated or reformulated in the third
round.

For round 3, which lasted 41 days the response rate was
96.6% (n = 28). The initial deadline was extended, and four
reminders were sent to maximize the number of partici-
pants. Once the responses were recorded, the final analysis
for round 3 was performed (Supplementary Material 2 �
S.4). In this round, consensus was reached on 10 additional
items (9.2%).

By the end of the third round, the panelists had reached a
consensus on 86 items (78.9%) (Table 2). The 23 items
(21.1%) for which no consensus was obtained were removed
from the final recommendations (Supplementary Material 2
� S.5). These results formed the basis for a final table of rec-
ommendations for patients with diabetes for before, during,
and after exercise, according to the foot risk presented
(Table 3). Pre-exercise recommendations included questions
such as when and how to inspect the foot, the initial medical
examination of the patient’s general condition, the type of
sock recommended for patients with PAD, the impact of neu-
ropathy and/or foot deformities on the risk of foot ulcers
(IWGDF 0�3), and the most appropriate type of exercise,
taking into account its intensity, duration, frequency and
progression. Recommendations on aspects to consider during
and after exercise/physical activity included the use of cus-
tom-made plantar orthoses, the prescription of footwear,
the types of exercise to perform, and the timetable for a
return to activity after an ulceration.
Discussion

The experts’ consensus recommendations for patients with
diabetic foot are summarized as follows. Before starting any
physical activity, all patients should undergo a prior check-
up of both feet, and those classified as risk 2 or 3 should
repeat this check-up during and after the activity. In addi-
tion, every patient should receive a prior assessment of their
general condition and of any keratotic lesions or excessive
dryness in different areas of the foot.

When neuropathy and/or PAD are observed, the socks
worn should have no seams, rubber, or elastic, and the
choice of footwear should be guided by a professional.
4

Aerobic exercise is recommended, with strength and flexibil-
ity training adapted to each type of foot at risk, such as the
inclusion of rehabilitation exercises for patients with motor
neuropathy or the practice of aquatic exercise rather than
walking, thus avoiding pressure on the foot, for those at high
risk of ulceration. Orthopedic treatment is recommended
for patients at risk 3, while those at risk 2 or 3 should receive
a check-up 15 days after starting physical exercise and
monthly at the location where the exercise takes place.

These recommendations are consistent with those of the
American Diabetes Association,38 stating that patients with
type 2 diabetes should perform three or more sessions of
moderate-to-vigorous-intensity physical activity per week,
for a total of at least 150 min and avoid two or more conse-
cutive days without physical activity/exercise. The latter
recommendations, however, do not provide enough data on
appropriate exercises for people at high risk of foot ulcera-
tion.

Shortly after the completion of this study, the American
College of Sports Medicine published new recommendations,
with clarifications regarding the types of exercise appropri-
ate for patients with peripheral neuropathy, among other
aspects also addressed in our study. These guidelines are
consistent with the conclusions drawn from our study.42

However, these recommendations are not specifically
adapted to different risk categories for diabetic foot.

The IWGDF39 recommends various forms of foot-related
exercises, such as strengthening and stretching, to alleviate
risk factors for the incidence of foot ulceration,43�46 but
their recommendations do not provide recommendation on
frequency, and do not differentiate between foot risk cate-
gories. In the present study, more closely-targeted recom-
mendations have been obtained, for example that patients
with neuropathy (IWGDF risk 1, 2, or 3) should perform exer-
cises to improve static and dynamic balance, beginning with
low or moderate-intensity aerobic exercise appropriate to
the patient’s age and physical characteristics. If the patient
presents with motor neuropathy, regardless of the degree of
risk, rehabilitation exercises should be performed to limit
the progression of the deformities. In those with mild to
moderate PAD (IWGDF risk 1, 2, or 3), the healthcare pro-
vider should consider adding specific exercises to improve
vascular function.

Several publications detail the key footwear aspects to
consider.47�49 Others support the use of tilting soles and cus-
tom-made insoles.48,50 However, there is limited evidence
about what type of shoes and socks should be recommended,
that takes into account the condition of the patient’s foot
and their medical history. Our Delphi study addresses this
information gap, compiling expert advice on appropriate
socks and footwear during physical activity, according to the
foot risk, taking into account possible complications like
neuropathy, foot deformities, and PAD. For example, the
type of sock should be tailored to the physical activity per-
formed, but all cases should be light-colored (to visualize
any bleeding more easily), clean, seamless, and with no
tight-fitting elastics. If the patient has PAD and or neuropa-
thy, the socks should have no seams, rubber, or elastic that
could restrict circulation. However, consensus was not possi-
ble on certain aspects, such as the type of sock most appro-
priate for patients. We obtained no specific
recommendations regarding shoes, but it was agreed that "a



Table 2 Delphi survey items that reached consensus, by consultation round.

Recommendations prior to commencing physical activity:
General recommendations for people at any IWGDF risk
(categories 0�3) prior to commencing physical activity

Agree
1ST
Round

Agree
2ST
Round

Agree
3ST
Round

1. The patient themselves should inspect both feet before beginning physical activity,
checking for:

1.1 Moisturization of the feet, assessing potential dryness of the forefoot, heels, or other
areas

82.8%

1.3 Adequate length of the toenails 89.7%
1.4 Sharp edges on toenails 93.1%
1.5 Presence of hyperkeratosis or calluses 93.1%
1.6 Presence of blisters 96.6%
1.7 Presence of wounds 100%
1.8 Presence of irregularities, wear and tear, or other alterations on the inside of footwear 93.1%
2. An initial examination of the patient’s general condition should be undertaken, includ-

ing an assessment of:
2.1 Body Mass Index (BMI). Recommended activity levels should take into account the pres-

ence of obesity
72.4% 86.2%

2.2 Age 82.8%
2.3 Possible cardiovascular alterations 93.1%
2.4 Evaluation of limited joint mobility 93.1%
2.5 Existence of arterial hypertension 89.7%
2.6 The presence of uncontrolled retinopathy or renal impairment may influence the type of

exercise recommended
79.3% 100%

3. With regard to the diabetes, the attending physician or healthcare provider should
assess the type (1 or 2), the level of metabolic control, and the treatment in order to
determine the risk of hypoglycemia during physical activity

96.6%

4. People under treatment with insulin and/or sulfonylureas:
4.1 Should take a glucose reading before exercising 82.8%
4.2 Glucose levels should be monitored during exercise, and more frequently for high-risk

patients being treated with insulin
65.5% 82.7%

4.3 Should take a glucose reading after exercising 82.8%
4.4 If necessary, dietary and/or pharmacological adjustments should be recommended by the

healthcare provider, and a glycogen kit should be available 72.4% 86.2%
5. The presence of keratotic lesions or excessive dryness on different areas of the foot:
5.1 These conditions should be treated before establishing the intensity and duration of the

exercise recommended
69.0% 86.2%

5.2 These conditions should be treated before establishing the type of exercise
recommended

79.3% 93.1%

6. The type of sock recommended should be conditioned by:
6.1 The presence of complications like neuropathy, foot deformities, or peripheral artery dis-

ease (PAD)
82.8%

6.2. The type of sock to be recommended should be specific, according to the physical activ-
ity to be carried out, but preferably light-coloured to visualize any bleeding more easily,
clean, seamless and with no tight-fitting elastics

65.5% 68.9% 89.3%

7. In the case of PAD (peripheral artery disease), the patient should use:
7.2 Socks without seams, rubber, or elastic that could compromise circulation 89.7%
8. In case of neuropathy, patients should use:
8.3 Socks without seams, rubber, or elastic 89.7%
9. A professional should always be consulted about the type of footwear before the

patient begins an exercise regimen
79.3% 93.1%

10. The type of exercise recommended should take into account the patient’s
preferences

93.1%

11. Group exercise activities with people presenting similar risk factors can help moti-
vate the patient to engage in regular physical activity

37.9% 75.8% 89.3%

12. The use of a smart watch or mobile apps during exercise is advised in patients with
high cardiovascular risk in order to monitor:

12.1 Pulse 82.8%
12.2 Blood pressure 72.4% 82.8%
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Table 2 (Continued)

Recommendations prior to commencing physical activity:
General recommendations for people at any IWGDF risk
(categories 0�3) prior to commencing physical activity

Agree
1ST
Round

Agree
2ST
Round

Agree
3ST
Round

12.3 Intensity of physical activity 69% 89.7%
12.4 Type and duration of physical activity 72.4% 93.1%
13. Patients at risk of HYPOGLYCEMIA should:
13.1 Take fast-acting carbohydrates with them during exercise sessions 93.1%
13.3 It is important to drink plenty of liquid during exercise, to promote hydration. 79.3% 93.1%
14. Regarding the characteristics of the exercise, it should be progressive, with moder-

ate intensity in the first sessions and gradually becoming more vigorous according to
the patient’s circumstances and ability

93.1%

15. In case of water activities, patients should use preventive measures to avoid foot
infections

82.8%

Specific recommendations prior to physical activity for people with iwgdf risk 1, 2, and 3:
16. In patients with IWGDF risk 1, 2, or 3, the presence of any keratotic lesions or blisters

should preclude any physical activity pending consultation with a healthcare
professional

82.8%

17. Patients with hyperkeratosis, prior amputations, or calluses on the sole (IWGDF 2 or
3) should wear therapeutic footwear, including custom-made shoes, and receive
orthopedic/podiatric treatment to redistribute areas of hyperpressure before doing
any exercise

96.6%

18. Patients with IWGDF 2 or 3 should inspect their feet:
18.1 Before exercise 100%
18.2 During any prolonged physical exercise (exceeding one hour), it is advisable to examine

the feet (without socks) for possible injury
58.6% 62% 89.2%

18.3 On finishing exercise 100%
18.4 Foot inspections should consider temperature, color, and signs of lesions 96.6%
18.5 Sensations such as pain, paraesthesia, or itching should be taken into account 75.9% 96.6%
19. In case of NEUROPATHY, patients should consult a podiatrist for:
19.1 A biomechanical study and orthopedic/podiatric treatment if appropriate 100%
19.2 At IWGDF 2, biomechanical footwear should be prescribed 69.0% 89.7%
19.3 At IWGDF 3, biomechanical and/or custom-made footwear should be prescribed 65.5% 96.6%
Specific recommendations prior to physical activity for people with IWGDF risk 3:
21. If the ulcer had a plantar location and has completely healed (the wound has not

opened for 15 days after epithelialization), before beginning exercise, the patient
should:

21.1 Receive personalized orthopedic/podiatric treatment 82.8%
21.2 Patients should use biomechanical footwear and/or footwear adapted to individual

characteristics (such as high toe or special width)
62.1% 96.6%

21.3 In case of amputation, the stump should be checked to ensure an even distribution in the
pressure zones before supporting a load

96.6%

Type of exercise: intensity, duration, frequency, progression:
General recommendations for people at any IWGDF risk (categories 0�3) regarding the
type of exercise: intensity, duration, frequency, progression.

23. Patients should be encouraged to perform aerobic activities as well as strength train-
ing and stretching, adapted to each type of at-risk foot

93.1%

24. In patients receiving rehabilitation treatment, telemonitoring facilitates the control of
adherence to the exercise program

75.9% 86.2%

25. The use of telemonitoring can improve patients’ adherence to physical exercise pro-
grammes, whatever the degree of foot risk

72.4% 86.2%

26. All programmed sessions of physical activity should include:
26.1 A warm-up prior to exercise of at least 5 min 89.7%
26.2 Gentle stretching prior to commencing the exercise 82.8%
26.3 On finishing the exercise, a cool-down of at least 5 min of slow walking 79.3% 82.8%
27. Patients with neuropathy (IWGDF 1, 2 and 3) should:
27.1 Do exercises to improve static balance 55.2% 82.8%
27.2 Do exercises to improve dynamic balance 62.1% 86.2%
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Table 2 (Continued)

Recommendations prior to commencing physical activity:
General recommendations for people at any IWGDF risk
(categories 0�3) prior to commencing physical activity

Agree
1ST
Round

Agree
2ST
Round

Agree
3ST
Round

27.3 Begin with low- or moderate-intensity aerobic exercise, appropriate to the patient’s age
and physical characteristics

86.2%

28. If the patient has suffered motor neuropathy, regardless of the degree of risk, reha-
bilitation exercises should be performed to limit the progression of the deformities

48.3% 69.0% 85.7%

29. In patients with mild to moderate PAD (IWGDF 1, 2, or 3), the healthcare provider
should consider adding specific exercises to improve vascular function.

75.9% 86.2%

Specific recommendations for patients with IWGDF 0, according to the type of exercise:
intensity, duration, frequency, progression

30. The patient should be encouraged to do as much physical activity as possible (walking
up the stairs instead of using the elevator, walking to shops instead of driving, etc.)

96.6%

31. In the absence of any cardiovascular alterations, the patient should:
31.1 Do aerobic activity 89.7%
31.2. Each exercise session should consist of 30�60 min of aerobic exercise 75.9% 75.9% 82.1%
32. Exercise activities should include strength training: from passive movements of the

ankle joint to active resistance (using a band) to work the ankle (dorsi and plantar
flexion), the forefoot (inversion-eversion) and the toes (flexion-extension, abduction-
adduction) at least twice a week

72.4% 82.8%

Specific recommendations for patients with IWGDF 1. according to the type of exercise:
intensity, duration, frequency, progression

33. Patients with peripheral neuropathy should:
33.1 Patients should walk (at a moderate pace) for one hour, three times a week, starting

with 30 min per session and progressively increasing the duration
75.9% 82.8%

33.2 Muscle strengthening exercises, with active movements against resistance, should be
performed at least twice a week

69% 89.7%

33.3 In case of coexisting obesity, do aerobic activity that does not overload joints or put
excessive pressure on the feet (cycling, swimming)

79.3% 93.1%

33.4. If the patient rides a bicycle, in addition to recommending a specific orthosis within the
footwear according to the biomechanical alteration presented, a discharge device could
be added to the pedal area to help redistribute the pressure if this area presents
hyperkeratosis

65.5% 69.0% 82.1%

34. Patients with mild to moderate PAD (Rutherford grade 1 or 2) WITHOUT NEUROPATHY
should begin walking at a moderate intensity and gradually increase it based on the
onset of pain due to intermittent claudication.

79.3% 82.8%

Specific recommendations for patients with IWGDF 2, according to the type of exercise:
intensity, duration, frequency, progression

35. Patients with IWGDF 2, neuropathy and foot deformity should:
35.1 Low-intensity aerobic exercise is recommended, initially for 5�10 min and progressively

increasing to a duration of 25�30 min per day during the week on alternate days
65.5% 75.1% 85.7%

35.2 If the patient rides a bicycle, in addition to recommending a specific orthosis within the
footwear according to the biomechanical alteration presented, a discharge device could
be added to the pedal area to help redistribute the pressure if this area presents
hyperkeratosis

72.4% 75.9% 82.1%

35.3 Add range-of-motion exercises: passive movements to the extent possible in the ankle
joints (dorsi and plantar flexion), the forefoot (inversion-eversion) and the toes (flexion-
extension, abduction-adduction) at least twice a week

72.4% 93.1%

36. For patients with Grade 2-foot risk, with neuropathy and deformity, the aerobic exer-
cise of walking can be replaced by aquatic activities, producing no pressure on the
foot, 2�3 times a week. These patients should always use appropriate footwear and
maintain good foot hygiene

62.1% 72.4% 85.7%

Specific recommendations for patients with IWGDF 3, according to the type of exercise:
intensity, duration, frequency, progression

38. The healthcare provider should assess the patient’s routine physical activity, elimi-
nating or modifying some activities if the patient presents lengthy, unregulated walk-
ing or physical efforts in excess of their level of tolerance

89.7%

39. Patients with open ulcer should not put any pressure on the lesion or perform any
exercises that put weight on the area where the ulcer is located

93.1%
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Table 2 (Continued)

Recommendations prior to commencing physical activity:
General recommendations for people at any IWGDF risk
(categories 0�3) prior to commencing physical activity

Agree
1ST
Round

Agree
2ST
Round

Agree
3ST
Round

40. Patients with IWGDF 3 and an open ulcer without PAD should:
40.1 Stretching and strength-training exercises should be performed, in a seated or supine

position, according to the patient’s characteristics and the location of the ulcer
79.3% 96.6%

40.2 Work on ankle mobility, plantar flexion, dorsiflexion, inversion, eversion, circumduc-
tion, and dorsi and plantar flexion of the toes at least 3 times a week or every other day,
adapting all activities to the patient’s characteristics

69.0% 82.8%

41. Patients with severe PAD (with lesions) should:
41.1 Do mobility exercises of the lower limbs in a seated or supine position 86.2%
41.2 Exercises to improve ankle mobility, plantar flexion, dorsiflexion, inversion, eversion,

circumduction and plantar and dorsi flexion of the toes should be performed three times
per week or every other day, provided it does not provoke pain or aggravate the injury

79.3% 93.1%

41.3 Adapt all exercise sets to the symptomology related to the lesion and its location 86.2%
42. Patients with IWGDF 3 and a recent (<15 days) history of ulceration should:
42.1. The activities of daily life should be started, with at least 10 minutes’ activity every day

using a plantar orthosis and technical assistance (such as a cane or crutch) and gradually
progressing over the next 15 days, according to the patient’s physical condition

58.6% 72.4% 82.1%

42.2 Initially, the patient should perform at least 10 min activity per day wearing a plantar
orthosis and gradually increase the duration over the next 15 days if possible.

69.0% 86.2%

44. Patients with IWGDF 3 and a prior amputation should consult a rehabilitation special-
ist to strengthen the stump and treat the phantom limb with functional exercises.

86.2%

Recommendations during exercise:
Specific recommendations for patients with IWGDF 1. 2. or 3

46. Patients with neuropathy and foot deformity should consider using an assistive device
such as a cane or crutch, if their balance is significantly disturbed

79.3% 96.6%

General recommendations after exercise for patients with IWGDF risk

48. Risk factors for ulceration in patients with all categories of IWGDF risk who are per-
forming moderate- to high-intensity physical activity should be monitored at least as
frequently as recommended by the IWGDF: IWGDF 0: once yearly; IWGDF 1: every 6 to
12 months; IWGDF 2: every 3 to 6 months; IWGDF 3: every 1 to 3 months. Examina-
tions should also include a review of the footwear being used during physical activity
exercises

86.2%

49. Healthcare providers should follow up patients with IWGDF 2 and 3 every month to
monitor the recommended exercise regimen and modify it according to the patient’s
evolution

79.3% 93.1%

50. Any patient with diabetes and neuropathy, or who uses a custom-made plantar ortho-
sis, should be examined 15 days after starting physical exercise by the healthcare pro-
vider. This examination should be repeated periodically to detect any wear or
irregularities in the material after its use in physical exercise

75.9% 93.1%

Bold type: main statement; grey table cell: round consensus item; black table cell: title thematic blocks.
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professional should always be consulted about the type of
footwear before the patient begins an exercise regimen”.

A question that remains to be clarified is that of the
appropriateness of exercise by patients with an open ulcer.
To date, no guidelines have specifically addressed when and
how patients should return to physical activity after an
ulceration, although some studies have made observations
in this regard. For example, Lyu et al.,51 argue that the early
adoption of walking exercise can improve outcomes in
patients with PAD. However, the current evidence is scarce
and heterogeneous, as reflected in two systematic reviews
which conclude that the available data do not allow any
8

recommendations to be made on exercise in patients with
diabetic foot ulcers.14,52

Pending new studies that address this topic, in the pres-
ence of PAD, our study offers expert recommendations on
mobilizing the foot when there is ulceration. Another cur-
rent issue is when and how to start or resume exercise after
a recent ulceration. Our panelists agreed that patients
should gradually ease into their exercise program, a view
that is consistent with the results of other studies, suggest-
ing that a well-controlled activity regimen that includes
walking, maintaining balance, and strengthening the legs
can positively influence the patient’s health and function.27



Table 3 List of recommendations by IWGDF risk.

Recommendations prior to commencing physical activity for people at any IWGDF risk (categories 0�3)

1. The patient themselves should inspect both feet before beginning physical activity, checking for:
1.1 Moisturization, assessing potential dryness of the forefoot, heels, or other areas. (82.8%)
1.3 Adequate length of the toenails (89.7%)
1.4 Sharp edges on toenails (93.1%)
1.5 Presence of hyperkeratosis or calluses (93.1%)
1.6 Presence of blisters (96.6%)
1.7 Presence of wounds (100.0%)
1.8 Presence of irregularities, wear and tear, or other alterations on the inside of footwear (93.1%)

2. An initial examination of the patient’s general condition, not foot-specific, should be undertaken, including an assessment of:
2.1 Body mass index (BMI). recommended activity levels should take into account the presence of obesity (86.2%)
2.2 Age (82.8%)
2.3 Possible cardiovascular alterations (93.1%)
2.4 Evaluation of limited joint mobility (93.1%)
2.5 Existence of arterial hypertension (89.7%)
2.6 The presence of uncontrolled retinopathy or renal impairment may influence the type of exercise recommended (100%)

3. With regard to the diabetes, the attending physician or healthcare provider should assess the type (1 or 2), the level of metabolic control, and the treatment to
determine the risk of hypoglycemia during physical activity (96.6%)

4. People under treatment with insulin and/or sulfonylureas:
4.1 Should take a glucose reading before exercising (82.8%)
4.2 Glucose levels should be monitored during exercise more frequently in high-risk patients being treated with insulin (82.7%)
4.3 Should take a glucose reading after exercising (82.8%)
4.4 If necessary, the healthcare provider should recommend dietary and/or pharmacological adjustments, and a glycogen kit should be available (86.2%)

5. The presence of keratotic lesions or excessive dryness on different areas of the foot:
5.1 These conditions should be treated before establishing the intensity and duration of the exercise recommended (86.2%)
5.2 These conditions should be treated before establishing the type of exercise recommended (93.1%)

6. The type of sock recommended should be conditioned by:
6.1 The presence of complications like neuropathy, foot deformities, or peripheral arterial disease (PAD) (82.8%)
6.2 The type of sock to be recommended should be specific, according to the physical activity to be carried out, but preferably light-colored (to visualize any bleeding
more easily), clean, seamless, and with no tight-fitting elastics (89.3%)

7. In the case of PAD (peripheral arterial disease), the patient should use:
7.2 Socks without seams, rubber, or elastic that could compromise circulation (89.7%)

8. In case of neuropathy, patients should use:
8.3 Socks without seams, rubber, or elastic (89.7%)

9. A PROFESSIONAL should always be consulted about the type of footwear before the patient begins an exercise regimen (93.1%)
10. The type of exercise recommended should take into account the patient’s preferences (93.1%)
11. Group exercise activities with people presenting similar risk factors can help motivate the patient to engage in regular physical activity (89.3%)
12. The use of a smart watch or mobile apps during exercise is advised in patients with high cardiovascular risk to monitor:

12.1 Pulse (82.8%)
12.2 Blood pressure (82.8%)
12.3 Intensity of physical activity (89.7%)
12.4 Type and duration of physical activity (93.1%)
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Table 3 (Continued)

Recommendations prior to commencing physical activity for people at any IWGDF risk (categories 0�3)

13. Patients at risk of HYPOGLYCEMIA should:
13.1 Take fast-acting carbohydrates with them during exercise sessions (93.1%)
13.3 It is important to drink plenty of liquid during exercise to promote hydration (93.1%)

14. Regarding the characteristics of the exercise, it should be progressive, with moderate intensity in the first sessions and gradually becoming more vigorous according
to the patient’s circumstances and ability (93.1%)

15. In case of water activities, patients should use preventive measures to avoid foot infections (82.8%)

Specific recommendations prior to physical activity for people with IWGDF risk IWGDF
risk 0

IWGDF
risk 1

IWGDF
risk 2

IWGDF
risk 3

16. In patients with IWGDF risk 1, 2, or 3, the presence of any keratotic lesions or
blisters should preclude any physical activity pending consultation with a
healthcare professional (82.8%)

X X X

17. Patients with hyperkeratosis, prior amputations, or calluses on the sole (IWGDF
2 or 3) should wear therapeutic footwear, including custom-made shoes, and
receive orthopedic/podiatric treatment to redistribute areas of hyperpressure
before doing any exercise (96.6%)

X X

18. Patients with IWGDF 2 or 3 should inspect their feet:
18.1 Before exercise (100%)
18.2. During any prolonged physical exercise (exceeding one hour), examining the
feet (without socks) for possible injury (89.3%)
18.3 On finishing exercise (100%)
18.4 Considering temperature, color, and signs of lesions (96.6%)
18.5 Considering sensations such as pain, paresthesia, or itching (95.6%)

X X

19. In case of neuropathy, patients should consult a podiatrist for:
19.1 A biomechanical study and orthopedic/podiatric treatment if appropriate
(100%)
19.2 At IWGDF 2, a prescription for biomechanical footwear (89.7%)
19.3 At IWGDF 3, a prescription for biomechanical and/or custom-made footwear
(96.6%)

X X X

21. If the ulcer had a plantar location and has completely healed (the wound has
not opened for 15 days after epithelialization), before beginning exercise, the
patient should:
21.1 Receive personalized orthopedic/podiatric treatment (82.8%)
21.2 Use biomechanical footwear and/or footwear adapted to individual character-
istics (such as high toe or special width) (96.6%)
21.3 In case of amputation, check the stump to ensure an even distribution in the
pressure zones before supporting a load (96.6%)

X
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Table 3 (Continued)

Recommendations prior to commencing physical activity for people at any IWGDF risk (categories 0�3)

Specific recommendations during and after exercise for patients with IWGDF risk IWGDF
risk 0

IWGDF
risk 1

IWGDF
risk 2

IWGDF
risk 3

46. Patients with neuropathy and foot deformity should consider using an assistive
device, such as a cane or crutch, if their balance is significantly impaired
(96.6%)

X X

48. Risk factors for ulceration in patients with all categories of IWGDF risk who are
performing moderate- to high-intensity physical activity should be monitored at
least as frequently as recommended by the IWGDF: IWGDF 0, once yearly;
IWGDF 1, every 6 to 12 months; IWGDF 2, every 3 to 6 months; IWGDF 3, every 1
to 3 months. Examinations should also include a review of the footwear being
used during physical activity exercises (86.2%)

X X X X

49. Healthcare providers should follow up patients with IWGDF 2 and 3 every
month to monitor the recommended exercise regimen and modify it according
to the patient’s evolution (93.1%)

X X

50. Any patient with diabetes and neuropathy, or who uses a custom-made plantar
orthosis, should be examined 15 days after starting physical exercise by the
healthcare provider. This examination should be repeated periodically to
detect any wear or irregularities in the material after its use in physical exer-
cise (93.1%)

X X

Recordatory: 18.3 Patients with IWGDF 2 or 3 should inspect their feet on finishing
exercise. (100%)

X X

General recommendations on type of exercise for people at any IWGDF risk (categories 0�3)

23. Patients should be encouraged to perform aerobic activities as well as strength training and stretching, adapted to each type of at-risk foot (93.1%)
24. In patients receiving rehabilitation treatment, telemonitoring facilitates the control of adherence to the exercise program (86.2%)
25. The use of telemonitoring can improve patients’ adherence to physical exercise programs, whatever the degree of foot risk (86.2%)
26. All programmed sessions of physical activity should include:

26.1 A warm-up prior to exercise of at least 5 min (89.7%)
26.2 Gentle stretching prior to commencing the exercise (82.8%)
26.3 On finishing the exercise, a cool-down of at least 5 min of slow walking (82.8%)

Specific recommendations for people at any IWGDF risk (categories 0�3)
Type of exercise: intensity, duration, frequency, progression

IWGDF
risk 0

IWGDF
risk 1

IWGDF
risk 2

IWGDF
risk 3

27. Patients with neuropathy (IWGDF 1, 2 and 3) should:
27.1 Do exercises to improve static balance (82.8%)
27.2 Do exercises to improve dynamic balance (86.2%)
27.3 Begin with low- or moderate-intensity aerobic exercise, appropriate to the
patient’s age and physical characteristics (86.2%)

X X

28. If the patient has suffered motor neuropathy, regardless of the degree of risk,
rehabilitation exercises should be performed to limit the progression of the
deformities (85.7%)

X X

X X
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Table 3 (Continued)

Recommendations prior to commencing physical activity for people at any IWGDF risk (categories 0�3)

29. In patients with mild to moderate PAD (IWGDF 1, 2, or 3), the healthcare pro-
vider should consider adding specific exercises to improve vascular function
(86.2%)

30. The patient should be encouraged to do as much physical activity as possible
(walking up the stairs instead of using the elevator, walking to shops instead of
driving, etc.) (96.6%)

X

31. In the absence of any cardiovascular alterations:
31.1 The patient should do aerobic activity (89.7%)
31.2. Each exercise session should consist of 30�60 min of aerobic exercise (82.1%)

X

32. Exercise activities should include strength training: from passive movements of
the ankle joint to active resistance (using a band) to work the ankle (dorsi and
plantar flexion), the forefoot (inversion-eversion) and the toes (flexion-exten-
sion, abduction-adduction) at least twice a week (82.8%)

X

33. Patients with peripheral neuropathy should:
33.1 Walk (at a moderate pace) for one hour, three times a week, starting with
30 min per session and progressively increasing the duration (82.8%)
33.2 Perform muscle strengthening exercises, with active movements against resis-
tance, at least twice a week (89.7%)
33.3 In case of coexisting obesity, do aerobic activity that does not overload joints
or put excessive pressure on the feet (cycling, swimming) (93.1%)
33.4. In case of riding a bicycle, be advised to use a specific orthosis within the
footwear according to the biomechanical alteration presented and to use an off-
loading device in the pedal area to help redistribute the pressure if this area
presents hyperkeratosis (82.1%)

X X

34. Patients with mild to moderate PAD (Rutherford grade 1 or 2) without neuropa-
thy should begin walking at a moderate intensity and gradually increase it based
on the onset of pain due to intermittent claudication (84.8%)

x

35. Patients with neuropathy and foot deformity should:
35.1 Do low-intensity aerobic exercise, initially for 5�10 min and progressively
increasing to 25�30 min/day during the week on alternate days (85.7%)
35.2 In case of riding a bicycle, be advised to use a specific orthosis within the foot-
wear according to the biomechanical alteration presented and to use an offloading
device in the pedal area to help redistribute the pressure if this area presents
hyperkeratosis (82.1%)
35.3 Add range-of-motion exercises: passive movements to the extent possible in
the ankle joints (dorsi and plantar flexion), the forefoot (inversion-eversion) and
the toes (flexion-extension, abduction-adduction) at least twice a week (93.1%)

x

36. For patients with IWGDF 2-foot risk, with neuropathy and deformity, the aero-
bic exercise of walking can be replaced by aquatic activities, producing no pres-
sure on the foot, 2�3 times a week. These patients should always use
appropriate footwear and maintain good foot hygiene (85.7%)

x

X
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Table 3 (Continued)

Recommendations prior to commencing physical activity for people at any IWGDF risk (categories 0�3)

38. The healthcare provider should assess the patient’s routine physical activity,
eliminating or modifying some activities if the patient presents lengthy, unregu-
lated walking or physical efforts in excess of their level of tolerance (89.7%)

39. Patients with an OPEN ULCER should not put any pressure on the lesion or per-
form any exercises that put weight on the area where the ulcer is located
(93.1%)

X

40. Patients with IWGDF 3 and an open ulcer without PAD should:
40.1 Perform stretching and strength-training exercises, in a seated or supine posi-
tion, according to the patient’s characteristics and the location of the ulcer (96.6%)
40.2 Work on ankle mobility, plantar flexion, dorsiflexion, inversion, eversion, cir-
cumduction, and dorsi and plantar flexion of the toes at least 3 times a week or
every other day, adapting all activities to the patient’s characteristics (82.8%)

X

41. Patients with severe PAD (with lesions) should:
41.1 Do mobility exercises of the lower limbs in a seated or supine position (86.2%)
41.2 Perform exercises to improve ankle mobility, plantar flexion, dorsi flexion,
inversion, eversion, circumduction and plantar and dorsi flexion of the toes, three
times per week or every other day, provided it does not provoke pain or aggravate
the injury (93.1%)
41.3 Adapt all exercise sets to the symptomology related to the lesion and its loca-
tion (86.2%)

X

42. In patients with IWGDF 3 and a recent (<15 days) history of ulceration:
42.1 The activities of daily life should be started, with at least 10 minutes’ activity
every day, using a plantar orthosis and technical assistance (such as a cane or
crutch) and gradually progressing over the next 15 days, according to the patient’s
physical condition (82.1%)
42.2 Initially, the patient should perform at least 10 minutes’ activity per day wear-
ing a plantar orthosis and gradually increase the duration over the next 15 days, if
possible (86.2%)
44. Patients with IWGDF 3 and a prior amputation should consult a rehabilitation
specialist to strengthen the stump and treat the phantom limb with functional
exercises (86.2%)

X

Bold type: main statement; Black table cell: title thematic blocks.
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The recommendations for which we failed to reach con-
sensus reflected a similar lack of agreement in the scientific
literature, relating to aspects such as the correct way to cut
nails, the best type of socks for patients with neuropathy
and PAD, and the use of smart watches or mobile apps to
monitor blood oxygen (due to the absence of available devi-
ces with sufficiently reliable measurements). Given the
dearth of quality studies or evidence on clinical efficacy, the
panelists also failed to reach a consensus on recommenda-
tions for exercise in patients with IWGDF risk 2 or 3, the use
of static pedals, the best type of surface on which to prac-
tice physical activity, or the use of a definitive offloading
orthosis within 15 days of ulceration.

Some of these recommendations for which no consensus
was reached, such as the type of sock or the correct cut for
nails, are specific to the field of podiatry, while others (for
example, the frequency and intensity of mobility exercises,
the use of static pedals by patients at high risk of ulceration)
correspond more to the field of sports medicine. Neverthe-
less, in our Delphi study, the relevant specialties were well
distributed among the panelists. The lack of consensus
regarding the more specific items might be due to the neu-
tral position adopted by the experts who lacked specialist
knowledge in these areas, a factor that may have introduced
some bias into the study. To counter this possibility, we
believe that recommendations on specific aspects of the
foot or on types and repetitions of exercises should be
agreed upon by a panel composed of experts within a single
discipline.

The limitations to our research are those inherent to this
type of qualitative study, such as the constraints of a close-
ended survey, although free text space was provided for
each item for panelists to freely comment. Another limita-
tion, is the convenience nature of the sampling procedure
used and the voluntary participation of the experts. Either
or both of these factors may have introduced a selection
bias. The low response rate in the initial selection of experts
may be due to the difficulty getting in touch with the
experts, because contact information was retrieved from
their scientific publications, which in some cases may have
been outdated. Consequently if the invitation was never
received, this too would have constituted a selection bias.
Another limitation is the fact that patients were not
included in the panel or consulted as part of the study. How-
ever, we intend to conduct a follow-up study in which the
recommendations obtained will be shared and managed by a
group of people with diabetes, to better adapt the recom-
mendations and the vocabulary to their needs.

Among the study’s main strengths, to our knowledge this
is the first set of expert recommendations to be proposed
that address, in a clear and structured way, how patients
should exercise, in accordance with their individual foot
risk. Another strong point of this study is the high response
rate obtained in each of the three rounds of the survey pro-
cess (only one of the participating experts did not complete
all three rounds). The Delphi methodology in itself repre-
sents another important strength, as its participatory nature
favors the acceptability of the recommendations among
multidisciplinary practitioners and their implementation in
a range of clinical settings. On the other hand, these exer-
cise recommendations have been formulated solely with the
consensus of clinical experts; our research design method is
14
not intended to be a replacement for robust, high-quality
clinical trials, but rather a clinical guide to determining the
patient’s status and a starting point to consider important
aspects for the individual patient. Further studies are
needed to evaluate the ease of implementation of the rec-
ommendations, the degree of patient adherence, the long-
term benefits, and the safety and efficacy of different types
of physical exercise for this population.
Conclusion

This Delphi study generated recommendations based on the
consensus of international experts for physical activity and
exercise by patient with diabetes at risk of ulceration. These
recommendations take into account the state of the foot
and the patient’s history and status before physical activity.
They include guidance such as when and how the foot should
be examined, an initial consideration of the patient’s gen-
eral condition, the type of sock to be worn by those with
PAD, neuropathy, and foot deformities, considering also the
risk of foot ulcers (IWGDF risk 0�3), the type of exercise to
be performed (in terms of intensity, duration, frequency,
and progression), and recommendations for during and after
physical activity/exercise, such as the use of custom-made
plantar orthoses and shoe prescription, and the considera-
tions for returning to physical activity after an ulceration.
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