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Background: Diabetic foot is one of the most common complications of diabetes. It has the

potential risk of pathologic consequences including infection, ulceration and amputation,

but a growing body of evidence suggests that physical activity and exercise may improve

diabetic foot outcomes.

Objective: To analyze de effects of exercise and physical activity interventions on diabetic

foot outcomes.

Methods: A comprehensive and systematic search was conducted according to PRISMA rec-

ommendations. Only controlled clinical trials with patients with diabetes were included.

Results: Six studies, involving 418 patients with diabetes, were included. Two studies used

only aerobic exercise; two studies combined aerobic, resistance and balance exercise; and

two studies combined aerobic and balance exercise by Thai Chin Chuan methods. Physical

activity and exercise significantly improved nerve velocity conduction, peripheral sensory

function and foot peak pressure distribution. Moreover, the ulcers incidence rate per year

was lower in the intervention groups, compared with the controls [0.02 vs. 0.12].

Conclusion: This review suggests evidence that physical activity and exercise is an effective

non-pharmacological intervention to improve diabetic foot related outcomes. Combined

multi-disciplinary treatments are more effective in the prevention of foot complications

in patients with diabetes.
� 2018 Elsevier B.V. All rights reserved.
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1. Introduction

1.1. Background

Diabetic foot ulcer is defined as a full-thickness wound that

destroys the deep tissues and develops at a level distal to

the ankle and is associated with neurological abnormalities

in patients with diabetes [1–3] These ulcers can be classified

as neuropathic, ischemic or neuro-ischemic [4–6]. The neuro-

pathic, commonly occur on the plantar surface of the meta-

tarsal heads, or in areas overlying a bone deformity and is

usually induced by foot deformity and high foot pressures,

provoking tissue damage. Once the tissue breakdown, the

resultant ulceration becomes chronic as the insensate foot

fails to convey nociceptive stimuli which are necessary to pro-

voke protective behavior [7–9] as a consequence of nerve

damage, affecting peripheral sensation and fine vasomotor

control of the pedal circulation [1,10,11]. Ischemic ulceration

can be represented as an absence of foot pulses, mainly

because of macrovascular or microvascular disease [12,13]

causing a hard healing of the wound, result of an inadequate

vascular perfusion in the lower limb [14,15] and frequently

occurs on the tips of the toes or on the lateral border of the

foot [16,17]. The neuro-ischemic ulceration has both neuro-

pathic and ischemic and it develops on the margins of the

foot and toes usually from the pressure of poorly fitted shoes

[18]. Foot ulcer precedes the major of amputations in patients
with diabetes by 80%. Foot ulcers, with or without signs of

infections, and amputations are major causes of morbidity

[19–23] and disability in these patients, leading to significantly

lower daily activity [24,25] and is even correlatedwith a higher

risk of death [20,21,23,26]. The management of ulcers and

their prevention is important to ensure quality of life and

decrease comorbidities and death [19].
1.2. Purpose of this review

There is an establish evidence of a positive association

between exercise and diabetes, particularly by improving gly-

cemic control, and insulin sensitivity in individuals with type

2 diabetes, along with positive effects on lipids, blood pres-

sure, cardiovascular events, mortality, and quality of life

[27,28]. However, less is known about the effects of physical

activity and exercise in diabetic foot outcomes. Recent studies

have suggested that physical activity and exercise may

improve the distribution of dynamic plantar loading, nerve

velocity conduction and foot mobility function, reflecting a

better involvement of the whole foot during walking process

[29,30] and decreasing the incidence of foot ulcer or lesion

[31–33].

Therefore, the purpose of this systematic review was to

analyze the effects of exercise and physical activity interven-

tions on diabetic foot outcomes.
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2. Methods

This systematic review was conducted in accordance with the

Preferred Reporting Items for Systematic Review and Meta-

Analyses (PRISMA) guidelines.

2.1. Data sources and search strategy

Comprehensive and systematic searches were conducted in

February 2017 by two independent authors [MM and NS] using

the following electronic databases and a combination of med-

ical subject headings and keywords: PubMed; The Cochrane

Online Library; Web of Science and Scopus. The following

keywords were used: ((feet OR foot) [title] AND (diabetes OR
Fig. 1 – Flow diagram of the included studies.
diabetic OR neuropathy OR ulcer*) [title] AND (‘‘physical activ-

ity” OR exercise OR training OR walking OR jogging OR cycling

OR running OR swimming OR pilates OR yoga OR rowing OR

climbing) [title]). Electronic databases were searched from

the beginning until July 2017.

2.2. Study selection

Two authors [MM and NS] independently screened the title

and abstract of every citation found in our literature search.

Studies of potential relevance were the target of a search for

the full text version, and eligibility criteria were applied.

According to PRISMA recommendations, inclusion and exclu-

sion criteria are based on relevant study characteristics (par-

ticipants, intervention, comparator, outcome, study design).

Studies were included if: (i) the population was composed

by patients with a diagnosis of diabetes regardless of etiology,

or a clinical diagnosis of diabetic peripheral neuropathy,

polyneuropathy or diabetic foot ulcer; (ii) the intervention

was any form of supervised physical activity at a care center

or at home; (iii) the comparator was daily-life physical activity

(absence of supervised physical activity or exercise regimen)

and/or usual foot care education.

Non-human articles were excluded from this systematic

review as well as studies lacking original data (e.g. letters,

review articles or editorials), articles on unrelated topics,

studies not reporting outcome of interest and studies con-

taining <10 participants. In addition, clinical trials with no

control group were also excluded as well as clinical trials with

nonspecific exercise intervention.

2.3. Data extraction and quality assessment

Eligible studies were examined independently by two collabo-

rators [MM and NS], and any disagreement was settled via

discussion among the authors. The study features extracted

from each paper include: first author, year of publication, pre-

disposing factor, number of participants in the intervention

and control groups, mean or range age of participants, dura-

tion of intervention, a description of the intervention and

control groups, primary and secondary outcomes, and main

results. A meta-analysis was deemed unfeasible because of

the small number of studies and heterogeneous outcome

measures.

Risk of bias was assessed independently by two research-

ers [MM and NS], who were blinded to each others’ quality

assessment. All studies were scored using the PEDro critical

appraisal tool for experimental studies.

PEDro is a reliable tool consisting of 11 items [34]. Item 1 is

related to external validity and is not used in the scoring, as

described in the PEDro guidelines. Each criterion can be

answered with ‘yes’ or ‘no’. ‘Yes’ was rated with 1 point,

‘no’ with 0 points. The possible maximum score is 10 points.

Studies with a total PEDro score of at least 5 points were con-

sidered to have low risk of bias. Disagreement between the

reviewers regarding the quality score of an article was dis-

cussed until consensus was reached. If necessary, a third

opinion was sought [RM].



Table 1 – Characteristics of the included studies.

Authors/study
design

Participants (N) and
mean age (years ±
SD)

Predisposing factor Primary outcomes Secondary outcomes Intervention group Control group Intervention-duration Results

Balducci et al. [32]
Randomized con-
trolled trial

IG: N = 31;
49 ± 15.5 y
CG: N = 47;
52.9 ± 13.4 y

Diabetic patients
type 1 or 2 without
symptoms of DPN

NCV, DL and NAPA
for: PMN and sural
SSN
VPT at malleolus
and hallux

Blood pressure
BMI
FBG
FFM
%FM
HbA1c
Lipid profile
Microalbuminuria
MLTPA
Waist circumference

Supervised aerobic
exercises (treadmill)
50–85% of the heart
rate reserve

Did not perform
supervised physical
activity

4 years
4 h weekly

Improvements:
PMN IG: DL < 0.9% (N.S.), NAPA < 13.5% (N.S.),
NCV > 3.9% (p < 0.05);
SSN IG: DL < 4.7% (N.S.), NAPA > 0.9% (N.S.),
NCV > 0.8% (N.S.)
PMN and SSN p < 0.001 between groups
Sensory neuropathy IG > 6.4%, CG > 29.8%, (p <
0.05)
VPT: IG > 12.9%, CG > 21.3%, (p < 0.05)
No changes:
Secondary outcomes (N.S.)

LeMaster et al. [31]
Randomized con-
trolled trial

IG: N = 41;
66.6 ± 10.4 y
CG: N = 38;
64.8 ± 9.4 y

Diabetic patients
type 1 or 2 with PN

Foot lesions/ulcers
were photographed
and examined
IR

Daily steps at baseline
and at 3, 6, 12 months by
ankle accelerometers for
14 days (TDS, S30-min
and WWBA)
Ambulatory minutes per
week
6MWT

From 1 to 3 months –
performed 3 at-
home sessions with
therapist, weekly for
1 h (lower-extremity
muscles
strengthening and
balance exercises)
From 1 to 12 months
– self-monitored
walking program
and motivational
telephone calls
every 2 weeks
+
diabetic foot care
education, regular
foot care

From 1 to 3 months –
8 therapist session
at-home only to
examine feet
From 1 to 12 months
– diabetic foot care
education, regular
foot care.

12 months Improvements:
IR: all lesions IG < 44.6%, CG < 31.1%
IR: lesion episodes IG < 43.0%, CG < 37.8%
IR: full-thickness ulcer episodes IG < 47.2%, CG
< 19.0%
IR: weight-bearing full-thickness plantar
ulcers < 60.0% IG, >76.0% CG
IR: weight-bearing ulcers risk 0.02 in IG, 0.12 in
CG
TDS: CG < 13.1% (p < 0.05) and IG < 4.6% (N.S.)
S30-min IG > 13.7% at 6 months, (p < 0.05) and
CG < 6.1% (N.S.), p < 0.01 between groups
No changes:
6MWT
Ambulatory minutes IG < 3.7% (N.S.), CG <
15.3%, (p < 0.05)

Hung et al. [36]
Controlled clinical
trial

IG: N = 28;
58.1 ± 13.4 y
CG: N = 32;
56.6 ± 13.3 y

IG: Diabetic patients
type 2 (6 with
neuropathy)
CG: healthy adults

NCV of bilateral
motor: median,
ulnar, peroneal, and
tibial nerves
NCV of bilateral
sensory: median and
ulnar
DL bilateral: motor
median, ulnar,
peroneal and tibial.
DL for sensory:
median and ulnar
Proximal amplitude
of the motor/
sensory response

FBG
IRI

Tai Chi Chuan
exercises
Light to moderate
intensity

No exercise 12 weeks
3 times weekly
1 h session

Improvements:
NCV
Right motor median: IG > 2.3%, CG < 0.9% (p =
0.037)
Left motor median: IG > 2.1%, CG < 0.2% (p =
0.043)
Right motor tibial: IG > 4.8%, CG < 0.4% (p =
0.027)
Left motor tibial: IG > 2.7%, CG < 0.2% (p =
0.036)
IG: Right NVC’s p = 0.046, left NVC’s p = 0.041)
DL sensory:
Right ulnar: IG < 5.6%, CG < 0.5% (p = 0.044);
Left ulnar: IG < 5.0%, CG < 0.5% (p = 0.047)
FBG: IG < 11.3%, CG < 0.6% (p = 0.035)
No changes:
DL bilateral: motor median, ulnar, peroneal
and tibial. DL sensory median. Proximal
amplitude
IRI: IG < 23.2%, CG < 10.5% (N.S.)

Ahn & Song [35]
Quasi-experimental
study

IG: N = 30;
66.05 ± 6.42 y
CG: N = 29;
62.73 ± 7.53 y

Diabetic patients
type 2 with
neuropathy

SWME
TSS

FBG
HbA1c
Single-leg stance
Quality of life (Korean SF-
36v2)

Tai Chi Chuan
exercises
Low-to-moderate
intensity
+
routine education
on diabetes, diet,
exercise, foot care,
and medication
twice during study
period
Dropout N = 10

Routine education
on diabetes, diet,
exercise, foot care,
and medication
twice during study
period
Dropout N = 10

12 weeks
twice weekly
1 h session
3 months follow-up

Improvements:
SWME: IG < 2.6%, CG < 6.1% (p = 0.535)
TSS: improvements for IG (19.5%), (p = 0.042)
compared CG
FBG: IG < 9.0%, CG > 8.3% (p = 0.036)
HbA1c: IG < 6.0%, CG > 3.7% (p = 0.004)
Single leg stance: IG > 34.2%, CG < 9.2% (p =
0.044)
Korean SF-36 IG: physical functioning > 7.0%,
bodily pain > 17.6%, physical role limitation >
29.0%, emotional role limitation > 30.3%, social
functioning > 15.6%
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Table 1 – (continued)

Authors/study
design

Participants (N) and
mean age (years ±
SD)

Predisposing factor Primary outcomes Secondary outcomes Intervention group Control group Intervention-duration Results

Dixit et al. [33]
Randomized con-
trolled trial

IG: N = 40;
54.40 ± 1.24 y
CG: N = 47;
59.45 ± 1.16 y

Diabetic patients
type 2 with PN

NVC in PMN and
SSN by
Electromyography
MDNS

BMI
Hip circumference
Waist circumference
Waist to hip ratio

Education for foot
care, diabetic diet
and standard
medical care
+
treadmill exercises
(40–60% heart rate
reserve) moderate
intensity
Dropout N = 11

Education for foot
care, diabetic diet
and standard
medical care
+
Telephone calls
every second week
of the month and
evaluated for
medical care at 4
and 8 weeks
Dropout N = 10

8 weeks
3–6 days weekly

Improvements:
NVC
PMN: IG > 7.3%, CG < 0.5% (p = 0.03)
SSN: IG > 32.6%, CG > 1.1% (p < 0.001)
MDNS scores IG < 44.1%, CG > 7.5% (p < 0.001)
No changes:
BMI, hip circumference, waist circumference
and waist to hip ratio

Sartor et al. [30]
Randomized
controlled trial

IG: N = 26; 59 ± 4 y
CG: N = 29; 60 ± 12 y

Diabetic patients
type 1 or 2 with
polyneuropathy

MNSI questionnaire
MNSI physical
assessment of feet
PP, TPP, PTI, COP
(heel, midfoot,
medial forefoot,
lateral forefoot,
hallux and toes)

ABC Scale
MF: extensor digitorum
longus and brevis;
extensor halluces longus
and brevis; flexor
digitorum brevis; flexor
hallucis brevis; lumbrical;
interosseous; tibialis
anterior; triceps surae
FT: ankle flexion, ankle
extension, toes flexion,
toes extension
KK: Sagittal ankle range
of motion; sagittal ankle
angle; sagittal peak of
extensor; sagittal peak of
flexor

Physical therapy and
instructions to
exercise at home, for
foot–ankle and gait
((a) increase foot and
ankle range of
motion, (b)
strengthen foot and
ankle muscles, (c)
increase foot and
ankle performance
through functional
exercises, and (d)
increase walking
skills and foot
rollover training)

Didn’t receive any
physical therapy,
instructions or
intervention
Only received
customized medical
care

12 weeks
twice weekly
40-60 min/session
Follow-up: IG assessed at
week 24

Improvements:
PP: IG < 23.3% midfoot (p < 0.01), <8.8% lateral
forefoot (p < 0.01) follow-up
TPP: IG > 1.7% heel (p = 0.03), <2.1% lateral
forefoot (p = 0.01) interaction effects
PTI: IG > 9.3% medial forefoot, >16.7% hallux
after 12 weeks (p < 0.01). Interaction effects
midfoot (p = 0.03)
COP: IG < 20.0% midfoot (p = 0.03), total foot
area < 25.0% (p = 0.05) interaction effect
Total COP IG: follow up p < 0.001
MF: IG > 25.0% flexor digitorum brevis, >25.0%
tibialis anterior
No changes:
MF: Extensor digitorium longus and brevis,
extensor hallucis longus and brevis, flexor
hallucis brevis, lumbrical, interosseous, triceps
surae
FT, KK, MNSI questionnaire, MNSI physical
assessment, ABC

Legend: ABC – activities-specific balance confidence; BMI – body mass index; CG – control group; COP – mean velocity center of pressure; DFU – diabetic foot ulcer; DL – distal latency; DPN – diabetic

peripheral neuropathy; FFM – fat free mass; FM – fat mass; FT – functional test; HbA1c – glycated hemoglobin; IG – intervention group; IR – incidence rate; IRI – insulin resistance index; KK – kinetic

and kinematic; MDNS – Michigan diabetic neuropathy score; MF – muscle function; MLTPA – Minnesota leisure time physical activity questionnaire; MNSI – Michigan neuropathy screening

instrument; NAPA – nerve action potential amplitude; N.S. – non significant; NVC – nerve velocity conduction; PMN – peroneal motor nerve; PN – peripheral neuropathy; PP – peak pressure; PTI –

pressure time integral; SSN – sural sensory nerve; SWME – Semmes-Weinstein 10-g monofilament examination; S30-min – steps 30 min exercise; TDS – total daily steps; TPP – time to peak pressure;

TSS – total symptom score; VPT – vibration perception threshold; WWBA – minutes per week of weight-bearing activity; 6MWT – 6 min walk test; FBG – fasting blood glucose.
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3. Results

3.1. Selection of studies

We identified a total of 173 articles by our search strategy.

From the 173 articles, 58 duplicated references were excluded,

remaining 115 articles. In total, 24 articles were assessed for

eligibility and a total of 91 articles were excluded based on

title. The study selection process and the reasons for exclusion

of the articles are shown in Fig. 1. At the end of the researchwe

identified 13 eligible articles but not all of them could be

included due to a lack of a control group or due to a nonspecific

exercise intervention. Therefore, six clinical trials were

included in our systematic review: three studies with type 2

diabetes participants, and three studies with both type 1 and

type 2 diabetes participants (see Table 1). There was complete

agreement between reviewers regarding study selection.

3.2. Assessment of risk of bias

Risk of bias scores for included studies is shown in Table 2.

There was total agreement for PEDro scores of all reviewed

studies. Two studies had a PEDro score equal to or greater

than seven, indicating a high methodological quality; four

studies scored between five and seven, indicating a moderate

methodological quality. The highest PEDro rating was 10, with

an average of seven among the included studies.

3.3. Key characteristics of included trials

A summary of eligible studies is shown in Table 1. The inter-

vention programs ranged from 8 weeks to 4 years. The articles

were published between 2006 and 2014. A total of 418 partic-

ipants were elected – 196 of which were allocated to the inter-

vention group and 222 to the control group; 41 of these

participants dropped out across all studies. The mean age

among participants ranged from 49 ± 15.5 to 66.6 ± 10.4 years.

Predisposing factors for the studies were: clinical diagnosis of

diabetic neuropathy [31,33,35], with polyneuropathy [30],

without symptoms of diabetic peripheral neuropathy [32]

and one study only refer six patients with neuropathy due

to diabetes mellitus [36].

The treatment approach (exercise) differed among studies:

two studies used only aerobic exercise, walking-based [32,33];

two studies combined aerobic exercise walking-based, resis-

tance exercises for the lower limbs muscles, and balance

exercise [30,31], and two studies combined aerobic and bal-

ance exercise by Thai Chin Chuan methods [35,36]. In addi-

tion, some trials used a system of education for foot care

plus routine education on diet [31,33,35,37].

3.4. Primary outcomes

Nerve velocity conduction was measured in three studies (see

Table 1) using a Medelec MS 928 Neurostar electrorecorder

[32], a Nicolet Viking IV electrorecorder [36], and the RMS

Aleron 201 electromyogram/NCVmachine [33]. All three stud-

ies found significant improvements in the intervention group,

while no differences were detected in the control group. One
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of them reported significant improvements in intervention

group in nerve velocity conduction of peroneal motor nerve

compared to controls (p = 0.03) and the same was observed

for sural sensory nerve (p < 0.001) after 8 weeks of a super-

vised walking program [33]. In the other study [32], authors

reported significant differences between groups in peroneal

motor nerve (p < 0.001) and sural sensory nerve (p < 0.001)

during the four years of study period. Also, authors found a

significantly increased in intervention group for peroneal

nerve velocity conduction (p < 0.05) and a non-significant

decreased in controls. For sural there was no significant

increase in intervention group. The third study [36] reported

significant improvements in nerve velocity conduction after

12 weeks of a Tai Chi Chuan intervention program (right

motor nerves p = 0.046; and left motor nerves p = 0.041) while

no significant improvements were detected in control group.

Authors attribute better results in nerve velocity conduction

to bilateral median (right p = 0.037; and left p = 0.043) and tib-

ial (right p = 0.027; and left p = 0.036) reaching a significant

improvement after Tai Chi Chuan. The authors of this study

also found that exercise decreased distal latency in interven-

tion group by 5.6% in right sensory ulnar and 5.0% in left sen-

sory ulnar showing that the interval between the stimulation

of a compound muscle and the observed response was faster.

Peripheral sensory function was measured in two studies

(see Table 1) through the vibration perception threshold at

the Malleolus and Hallux by means of a Biothesiometer [32],

and by the Semmes-Weinstein 10-g monofilament examina-

tion [35]. One study reported no differences between groups

in peripheral sensory function after 12 weeks of a Tai Chi

Chuan intervention program, but reported significant

improvements (by 19.5%) in total symptom score for periph-

eral neuropathy (p = 0.042) in the intervention group [35].

Also, the development of vibration perception threshold ana-

lyzed in one study was significantly higher in the control

group than in the intervention group (21.3% vs. 12.9%, p <

0.05), showing greater sensory dysfunction and suggesting

that long-term aerobic exercise training can prevent the onset

or modify the natural history of diabetic peripheral neuropa-

thy [32].

Two studies controlled the scores of Michigan Neuropathy

Screening Instrument (MNSI). Sartor et al. [30] reported no sig-

nificant differences between groups for the MNSI question-

naire and foot physical examination (Table 1). However, in

the experimental group, there was a significant reduction of

2 points in the MNSI questionnaire, which remained after

the 12 week follow-up (improvement of 33.3%), improving

the clinical condition of the patients, and a reduction of the

score for the physical examination of the feet from 4.5 to 4

points at the follow-up assessment compared to the corre-

sponding scores after 12 weeks (improvement of 11.11%) but

not significant. In the other study, Dixit et al. [33] reported sig-

nificant differences in the Michigan Diabetic Neuropathy

Score (MDNS) after eight weeks (p < 0.001) with a decreased

in score by 44.1% in the intervention group and an increase

of 7.5% for control group.

One study [30] measured peak pressure, time to peak pres-

sure and center of pressure over plantar surface by the Pedar-

X System. The authors reported significant reductions in time

to peak pressure on heel by 1.7% (p = 0.03) and lateral forefoot
by 2.1% (p = 0.01), as well as a significant reduction in peak

pressure after follow-up at midfoot (23.3%, p < 0.01) and at lat-

eral forefoot (8.8%, p < 0.01) in the intervention group. The

same group also achieved significant differences in center of

pressure in midfoot (20.0% reduction, p = 0.03), and differ-

ences in total foot area (25.0% reduction, p = 0.05), at 12 weeks

showing a better control of the foot-flattening (see Table 1).

Total center of pressure after follow-up had significant differ-

ences (p < 0.001). After 12 weeks of combined exercise, inter-

vention group increased muscle function in flexor digitorum

brevis (25.0%) and tibialis anterior (25.0%) suggesting that

exercise may slow down the prognosis of diabetes chronic

complications. All functional tests except ankle extension,

showed a difference between groups after 12 weeks, which

points to an improvement in intervention group and a wors-

ening in control group.

One study measured the incidence rate of foot lesions by

taking photographs of the foot and making an examination

of patient’s foot [31]. The authors reported that incidence

rates of all lesions decreased in intervention group by 44.6%

from 6months to 12 months and decreased in controls only

31.1%. Also, the incidence rate of weight-bearing full-

thickness plantar ulcers decreased in intervention by 60.0%

and increased in controls by 76.0%, showing a risk of 0.02 ul

cers/person-year in the intervention group and a risk of 0.1

2 ulcers/person-year in controls. Ulcer rates on plantar

weight-bearing areas, total foot ulcer and foot lesions inci-

dence rates did not differ significantly between groups after

6 or 12 months of combined exercise.
3.5. Secondary outcomes

Regarding secondary outcomes, statistical significance was

reached in fasting blood glucose (p = 0.036 [35]; p = 0.035

[36]), and glycated hemoglobin (p = 0.004 [35]) after the train-

ing program in patients with type 2 diabetes compared to

controls. Although the insulin resistance index decreased by

23.2% in intervention group and only 10.5% in controls, these

results were not statistically significant [36].

Regarding functional fitness, the results are inconsistent.

In one study [31], there were significant differences between

groups (exercise program vs. control) on the number of steps

counts per 30-min (p < 0.01), in which the intervention group

increased 13.7% steps counts (p < 0.05) whereas the control

group decreased 6.1%. However, the authors did not found

differences in the 6-min walk test between baseline and six

or 12 months. Also, there was no difference between groups

in ambulatory physical activity per week from baseline and

6 or 12 months. Balducci et al. [32] also found no differences

neither between groups or after four years of aerobic exer-

cises in total physical activity. In other study [34], the perfor-

mance of single leg stance was significant different between

groups (p = 0.044), as intervention group increased their bal-

ance by 34.2% and controls decreased by 9.2%. Although Sar-

tor et al. [30], found improvements in balance controlled by

Activities-specific Balance Confidence (ABC) Scale, reporting

an increase of 2.4% after 12 weeks of exercise intervention

and 6.0% after 24 weeks of follow up, these results were not

significant. The same authors found no differences after 12
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weeks in intervention group in muscle function, but the con-

trol group worsened in this parameter.

Quality of life was controlled by The Korean SF-36 v2

instrument showed better results in life scores on domains

of physical functioning (7.0%, p = 0.028), bodily pain (17.6%,

p = 0.009), physical role limitation (29.0%, p = 0.006), emo-

tional role limitation (30.3%, p = 0.002), and social functioning

(15.6%, p = 0.001) in diabetic patients who did the Tai Chi

Chuan program [35].

For the remaining clinical outcomes, such as body mass

index, waist circumference, waist to hip ratio, fat mass per-

centage, free fat mass, microalbuminuria, lipid profile and

bone densitometry [32] there were no significant changes,

but exercise did not cause a deterioration in the assessed

parameters.

4. Discussion

Themain finding of this systematic review is that exercise is a

beneficial non-pharmacological treatment in diabetic foot

outcomes, particularly in increasing nerve velocity conduc-

tion of the lower limbs. Additional benefits can be induced

by exercise in patients with diabetes, such as skin sensitivity

and intraepidermal nerve fiber density, which can delay the

usual course of diabetic peripheral neuropathy and delay skin

damage and ulceration.

It is well known that patients with diabetes and neu-

ropathies are associated with low nerve velocity conduction

owing to demyelination and loss of large myelinated fibers,

and a decrease in nerve action potentials owing to loss of

axons [38–41], but the present review showed that aerobic

exercise can improve, for example, nerve velocity conduction

in peroneal motor nerve by 3.9% and 0.8% in sural sensory

nerve, also decreasing distal latency by 0.9% [32]. Moreover,

Tai Chi Chuan exercises improved nerve velocity conduction

by 2.3% in right motor median and 2.1% in left motor median,

aswell as 4.8% in rightmotor tibial and 2.7% in leftmotor tibial,

reducing overall distal latency by 5% facing greater gains [36].

However, a combined exercise programwith aerobic, foot care

education, diabetic diet and standard medical care showed a

higher impact, with gains in nerve velocity conduction by

7.3% in peroneal motor nerve and 32.6% in sural sensory nerve

[33]. Similar intervention with combined training program for

lower-extremity muscles strengthening, balance and walking

plus diabetic foot care education demonstrated to reduce

long-term incidence rate of foot lesions by 44.6% [31].

Moreover, most of the participants in this review had

symptoms of neuropathies but none of them reported pain

or reported skin infections during the studies. The majority

of participants presented in the studies (Table 1), showed

improvements in total symptom score for peripheral neu-

ropathy [35] and vibration perception threshold [32] as well

as a better physiological foot rollover which reflects in a better

redistribution of plantar pressure [30]. Weight-bearing activi-

ties did not increase risk of foot re-ulceration [31]. These find-

ings suggest that exercise may positively enhance peripheral

circulation and reduce peak plantar pressures, and therefore

reducing diabetic foot ulcer risk and improving diabetic foot

outcomes.
In the present review, two studies [35,36] demonstrated an

improvement in fasting blood glucose and glycated hemoglo-

bin levels, but these benefits are currently well documented

in the literature [28,42–45]. Concerning physical function,

the amount of steps taken within this patients after an inter-

vention program, suggests that they are liable to increase

exercise performance [31]. Also, patients in a Tai Chi Chuan

program increased their balance in single leg stance [35]

and another intervention group had an improvement in scale

for Activities-specific Balance Confidence [30].

In every study analyzed in this review, the exercise pro-

gram implemented was safe for the participants without

inducing or increasing risk of diabetic foot. Also, none of

the controlled outcomes worsen at the end of the studies.

Furthermore, patients in exercise programs have demon-

strated a better quality of life regarding physical, emotional

and social domains [35].

However, there is still insufficient data regarding the best

treatment approach for this patient population. There is a

wide range of effective exercise interventions (Table 1) such

as balance, strength-based, aerobic exercises or even a

multi-modality treatment (exercise and education for foot

care) that may help reduce or delay the risk of ulceration.

The studies included in this review reported long-term

[31,32] and medium-term [30,33,35,36] of exercise programs.

In addition, the frequency of physical activity over time is also

essential, i.e., patients who attended more in exercise weekly

were more likely to be associated with successful results in

accordance with international guidelines, however, some

studies did not describe the intensity of the interventions

[30,31].

4.1. Limitations

A key limitation of this systematic review was the large

heterogeneity of the instruments to measure diabetic foot

related outcomes and this heterogeneity remained very

broadly defined in the current literature, making it difficult

to compare results. Another limitation is the lack of informa-

tion about the intensity of the exercise programs in some

studies [30,31]. Also, the lack of studies about this theme,

involving physical activity or exercise in risk of ulceration

within patients with diabetes are quite few in literature, so

more studies are required.

4.2. Recommendations for future research

This systematic review combined the results of six trials, but

more practice and methodologic work is needed to prove how

physical activity and exercise can involve a better treatment

for diabetic foot. An easy and homogeneous outcome to be

easily accessed is required, intended to be effectively applied

for non-clinical experts. An homogeneous outcome would

facilitate the execution of meta-analyses.

5. Conclusion

This systematic review suggests physical activity and exercise

as an efficient intervention to reduce the risk of diabetic foot.
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Although the variety of physical activity and exercise meth-

ods implemented in the trials, like aerobic exercise or com-

bined modes of exercise, all have brought benefits in

diabetic foot related outcomes.

Moreover, multi-disciplinary treatments, such as physical

activity, diet routine and foot care education, all combined,

are more effective in the improvement of diabetic foot out-

comes than singular interventions.

5.1. Practice recommendations

Long-term physical activity and exercise is an effective tool to

reduce risk of diabetic foot. Apart from the standard medical

care, medication, diet and education for foot care, exercise is

a potential additional intervention to reduce and control this

clinical state.

Therefore, combined exercise programs with aerobic,

resistance and balance exercises, can enhance the benefits

of standard therapy.

6. Summary

Physical activity and exercise significantly improved nerve

velocity conduction in the lower limbs, peripheral sensory

function and foot peak pressure distribution.

Results of this study showed that a multi-disciplinary

treatment, such as physical activity, diet routine and foot care

education, all combined, are more effective in the improve-

ment of diabetic foot outcomes.

The conclusion of this systematic review is that exercise is

a beneficial non-pharmacological treatment, delaying the

usual course of diabetic peripheral neuropathy, and delaying

skin damage and ulceration.
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