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Abstract

Objective: It is well known that limited joint mobility of the ankle and foot level, impaired mus-
cular performance and reduced gait speed are risk factors for ulceration in diabetic foot. The
aim of this study was to evaluate the effect of an experimental protocol of exercise therapy on
joint mobility, muscular strength and gait speed in a group of long-term diabetic subjects.
Methods: The protocol consisted of a 12-week supervised training program; both joint mobility
and muscular strength at the ankle were measured before and after exercise therapy respec-
tively by an inclinometer and isometric dynamometers in 26 diabetic subjects and compared to
17 healthy controls.

Results: Ankle joint mobility of plantar flexion was reduced about 36% and dorsal flexion by
about 23% in diabetic subjects compared to controls (p<0.001), but significantly increased after
exercise therapy (p<0.001 for both). Ankle muscular strength in plantar flexion was reduced by
about 51% and in dorsal flexion by 30% in diabetic patients compared to controls, but these also
significantly increased after exercise therapy (p<0.001). Consequently, patients” walking speed
increased after exercise therapy by 0.28 m/s (p<0.001).

Conclusion: A 12-week supervised program of exercise therapy significantly improves joint
mobility, muscular performance and walking speed in diabetic patients--thus limiting one of
the pathogenic factors of diabetic foot and potentially preventing disability.
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Introduction

Diabetic foot is a major and progressively expanding health problem which often
leads to foot ulceration, lower limb amputation and an increased death rate (Boulton
et al., 2005). Neuropathy, vasculopathy and infection are known to be the main etio-
logical factors of diabetic ulcers (Boulton, 1991). Nevertheless there are several con-
tributory factors such as limitation of joint mobility, muscle weakness, gait abnormal-
ities, and foot deformities that altogether are responsible for turning a normal foot
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into one characterized by a major risk of ulceration (Fernando et al., 1991; Cavanagh
et al.,, 1992, 1993; Andersen- et al., 2004a; Giacomozzi et al., 2008; Andersen, 2012;
Apelqvist, 2012).

Subjects affected by diabetes have muscular weakness, a deficit of balance and
reduced mobility at the ankle, subtalar and first metatarsophalangeal joints which inter-
fere with normal rollover of the foot during the gait, leading to orthostatic posture and
walking abnormalities. All these factors may cause an abnormal distribution of plantar
pressure and consequently lead to a higher risk of foot ulceration (Salsich et al., 2000;
Andersen et al., 2004b; Zimny et al., 2004; Rao et al., 2007; Francia et al., 2014).

Limited joint mobility is widespread in diabetic patients and has an insidious
onset followed by asymptomatic progressive deterioration (Campbell et al., 1985; Del-
bridge et al., 1988; Abate et al., 2011).

The range of motion deficit in diabetic patients’ joints is due to periarticular
limitations of the muscles, tendons, joint capsules, ligaments, and skin (Abate et al.,
2013). A reduction in the range of motion in the affected joints can occur in just a few
years after diagnosis, even in young patients (Campbell et al., 1985; Abate et al., 2013;
Francia et al., 2013). At the same time it is well known that there is a significant corre-
lation between the range of motion of the foot joints and that of the ankle (Campbell
et al., 1985; Delbridge et al., 1988; Zimny et al., 2004).

There are important relationships between polyneuropathy and muscle weakness,
both leading to decreased muscle strength and leg muscle atrophy (Van Schie et al.,
2004; Andreassen et al., 2009). Recently, type 2 diabetes per se has been shown to be
associated, often permanently, with an accelerated loss of muscle strength and qual-
ity, determining early disability and worsening the patient’s quality of life (Park et
al., 2007).

On these premises, the aim of this study was to design an experimental proto-
col of exercise therapy for subjects with longstanding diabetes mellitus, reduced joint
mobility and impaired muscular performance, and to evaluate the effect of this train-
ing program on patients’ muscular strength and joint mobility.

Patients and Methods

Twenty-six diabetic subjects (13 males, 13 females, mean age 62.0, standard devia-
tion 8.2 years) and 17 healthy controls subjects (6 males, 11 females, mean age 58.9,
standard deviation 9.6 years) were included in the present study. Patients attending
the Diabetes Unit in Pistoia General Hospital were invited to take part in the study
and an informed written consent was obtained from all patients and control subjects.

The patients were included in the study if the metabolic control of their diabetes
was acceptable and in the absence of significant contraindications to the performance
of physical activity, among which was the presence of foot ulcers. The control group
was composed of healthy subjects matched for age without any mobility problems.
Detailed clinical characteristics of the study participants are shown in Table 1.

Physical examination of study subjects included foot inspection, evaluation of foot
deformities and assessment of neuropathy by measuring vibration perception thresh-
old, touch sensitivity with 10 G Semmens Weinstein monofilament, patellar and ankle
reflexes.Vasculopathy, peripheral pulses and transcutaneous oxygen tension (TcpO,)
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Table 1 - Characteristics of patients and controls. Values are mean + standard deviation.

Baseline evaluation Diabetic subjects Controls
Number 26 17
Age (years) 62.0£8.2 58.7+9.6
Gender (male/female) 13/13 6/11
BMI (kg/m?) 28.3+2.3 28.1+3.2
Type of diabetes (1/2) 7/19.

Diabetes duration 19.249.2
HbAlc before exercise therapy 7.9240.62
HbA1lc after exercise therapy™ 7.44+0.58

*P <0.01 compared to before exercise therapy

were evaluated at baseline. Hemoglobin Alc was measured at baseline and at the end
of the study using HPLC. The study was approved by the ethics committee of the
authors’ hospital.

Determination of joint mobility

Joint mobility, determined by the range of motion (ROM) which is defined as the
movement of a joint from full flexion to full extension, was measured at the ankle by
an inclinometer (Fabrication Enterprises Inc., White Plains, NY, USA) (Draper et al.,
1988). The patient was supine, with the ankle joint in a neutral position and the feet
over the edge of the bed. The knee corresponding to the ankle to be evaluated, was
extended and put over a rigid support 5 cm high. The maximum range of dorsal and
plantar flexion was determined after drawing with a demographic pen the fifth meta-
tarsal bone and positioning the inclinometer along the diaphysis of the bone, with
one extremity put on the distal condyle, as previously described (Zimny et al., 2004).
All measurements were performed by the same observer, who recorded the mean of
three consecutive readings.

Determination of muscular strength

The maximum isometric muscular strength in plantar flexion and dorsal flexion
was measured in Newtons using two isometric dynamometers and digital weight
indicators (Kollock et al., 2010). The first dynamometer was used to measure the
plantar flexion strength, and the second to measure the dorsal flexion. The isometric
dynamometers were fixed to the wall to allow the patient to be in the correct posi-
tion and avoid the negative effects of limited joint mobility on the measurement.

To measure plantar flexion the patient was seated on an appropriate bench (Figure
1). The patient’s lower limb under examination was resting on the bench with the hip
flexed to approximately 90°, the knee almost fully extended and resting on a 5-cm high
support. The patient’s foot under examination was over the edge of the bench and rest-
ing on the dynamometer, with the ankle joint in a neutral position. The patient’s con-
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Figure 1 - Position taken by diabetic patients and control subjects during evaluation of maximum isometric
muscle strength in ankle plantar-flexion.

tralateral limb was resting with one foot on the floor, positioned forward from the ipsi-
lateral knee. A rigid support of 12 cm height was placed on the dorsal surface of the
pelvis in order to create the most stable position during the pushing movement.

To measure ankle dorsal flexion a traction dynamometer was used. Patients were
seated as previously described but with one foot on the floor positioned behind the
ipsilateral knee while the contralateral knee was held stationary on the 5-cm high rig-
id support (Figure 2). All the measurements were performed by the same observer
and the means of three readings were reported.
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Figure 2 - Position taken by diabetic patients and control subjects during evaluation of maximum isometric
muscle strength in ankle dorsal-flexion.

The 10 m walking test

In this test all participating subjects were requested to walk as fast as possible
for 10 meters as described in detail elsewhere (Jackson et al., 2008). A “flying start”
was used where the subject could accelerate for 2 meters before entering the 10-meter
zone, and then decelerate afterwards. The patient’s speed was calculated only for
the 10 m distance included between the “start zone” and the “end zone”, from the
time spent walking through that zone. Each subject repeated this exercise three times
which were recorded by Stopwatch RS 800 SD (Polar Electro Oy, Kempele, Finland).

Exercise protocol

Diabetic patients participated in a 12-week training program on 3 non-consecutive
days a week. The training program was scheduled in such a way that patients could
perform it at home according to the proper instructions of a therapist. Every week
the diabetic subjects performed the training program in the presence of a therapist in
order to check the way they did the physical activity and exercises during the week.
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Table 2 - Phases of exercise therapy

Phases Aims of exercises Weeks Minutes
First phase Warm-up 12 10
Second phase Stretching muscles and tendons 12 25

Improving proprioceptive sensitivity, balance, posture

Third phase and walking Last 8 15
Fourth phase Muscle toning Last 6 10
Fifth phase  Cool down 12 5

A “training form” with a full explanation of the way in which exercises had to be

recorded was given to all patients.

In order to maintain diabetic patients’ appropriate metabolic control, avoid the
risks associated with physical activity and training drop-out due to altered blood
glucose levels, patients were informed of the risk and prevention of hypoglycemia
during, immediately after and for several hours following physical training. Patients’
blood glucose levels were checked 2 hours before, at the beginning and at the end of
the physical activity program.

The training program consisted in a first phase of warm-up: walking or cycling
for 10 minutes (Table 2). The stationary bicycle saddle was positioned at a height so
that when the patient’s foot reached the lowest point of the pedal stroke, his/her
knee was flexed by 30°. During warm-up the bicycle saddle was lowered by 3 inches,
and the patient’s position on the seat was moved forward in order to induce greater
ankle dorsal flexion.

The second phase of 25 minutes consisted in stretching muscles and tendons. The
exercises were related to muscle and tendon structures of the spine, pelvis and lower
limbs, performed while sitting and standing by step, wall bars and elastic bends. Pro-
gram exercises included the following.

1. While sitting on the bench with feet on the ground resting on a soft mat (with-
out shoes) the patient lifts the heels from the ground, keeping the toes touching
the ground to achieve dorsiflexion of the metatarsophalangeal joints. In the same
position, the patient rests the dorsal surface of the toes on the ground and exerts
ankle and metatarsophalangeal plantar flexion.

2. In the same position, the patient performs ankle plantar flexion with shoes on and
the tip of the shoe on the ground while resting. The patient holds elastic bands
with both hands and passes them under the plantar surface of the foot to exert
foot dorsal flexion, inversion, eversion, pronation and supination.

3. In another exercise, the patient is seated near the end of the bench with knees
crossed, puts the elastic band around the ankle and with the closest hand pulls
the foot upward to stretch the quadriceps. Then the patient keeps the lower limbs
close together while lying on the bench with an elastic band around the foot plan-
tar surface at metatarsophalangeal joint level, and pulls the elastic band while at
the same time making ankle dorsiflexion and trunk flexion.

4. The same exercise is repeated with one foot on the ground. The patient keeps the
same position without the elastic band, keeping shoulders against the wall, gradu-
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ally moving the pelvis toward the wall while sliding along the bench.

5. In another exercise, the patient stands with both hands on the wall bars, puts one
foot forward, keeping the feet straight forward and the heel on the ground, leans
forward onto the front leg so as to feel the stretching of the calf muscle.

6. In the same position, the patient puts one foot slightly behind, resting on the tip,
pushes forward and down on the ankle, trying to extend the knee.

7. While standing on a step with one foot slightly behind and off the step, the
patient transfers his/her body weight onto the back heel by pushing it lightly
onto the ground to obtain an ankle dorsal flexion.

Patients were required to perform a 20-second stretching followed by 20 seconds
of relaxing, twice for each session. They were to rest for 1 minute in between the dif-
ferent exercises. Patients were then instructed to stretch and relax their muscles as
they felt muscle tension without pain and thorough relaxation.

A third phase of 15 minutes, during the last 8 weeks of the program, consisted
in exercises to stimulate the patient’s proprioceptive sensitivity, postural control and
orthostatic-dynamic balance. The protocol consisted of the following.

1. The patient was seated on the bench, trying to keep the fingers always in dorsal
flexion while slowly sliding the plantar surface over the “sensory roll” from the
toe to the heel and conversely with the foot in a normal, pronation and supination
position.

2. The patient was to perform frontal — lateral normal and high knee walks at differ-
ent speeds in a straight line.

3. In front of the mirror, the patient was to stand with both hands lightly supported
on the wall bars to avoid falls, then stand on the heel, stand on one leg and do a
foot rollover from the toe to the heel and conversely; then to repeat exercises with
eyes open and eyes closed, with and without an unstable platform.

Patients were required to perform the exercise for 20 seconds followed by 20 sec-
onds of relaxing twice for each session. When a subject carried out the protocol cor-
rectly, the difficulty of the exercises was progressively increased.

The fourth 10-minute phase, during the final 6 weeks, consisted in strengthening
exercises for different muscular groups, as follows.

1. The patient was to stand with both hands on the wall bars and perform forefoot
lifting, semi-squatting, forward and side lunges.

2. The patient was to lie on the ground, keeping the feet resting on the ground, near
the pelvis, and with hands on the ground, keeping the lower back flat, slowly let
both knees drop together on one side and then go back to the starting position.

3. In the same starting position, the patient was to lift one foot at a time, while rest-
ing on the floor and then lift the other.

Each exercise was to be performed with 8-12 repetitions and 1 minute of relaxa-
tion in between exercises.

During the cool-down patients were seated so as not to touch the ground with
their feet, and used one foot at a time and then both feet to draw in the air the widest
possible letters of the alphabet using the hallux. The last step was for patients to be
seated on the bench, and do shoulder circles, neck stretches and chin tucks.

After the first 4 weeks of the training program, subjects were asked to rate their
perceived exertion during the training program on the Borg scale (Borg, 1990), which
is a vertical scale from 6 to 20, in which 6 represents the absence of symptoms, which
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provides an individual measurement of the perceived exercise intensity. This is a sim-
ple method of rating perceived exertion.

Statistical analysis

The Wilcoxon signed-rank test was used to test case-control differences in strength
and mobility, whereas repeated ANOVA was applied to calculate any significant
changes in before and after the training program for both control and case groups.
Results

Ankle joint mobility in flexion and extension was significantly lower in basal con-

ditions in diabetic subjects compared to control subjects, (p<0.001), but after the peri-
od of exercise therapy this mobility was significantly increased (Table 3; p<0.001).

Table 3 - Ankle joint mobility in diabetic patients before and after exercise therapy and in control group at
baseline. Values are mean =+ standard deviation.

Diabetic patients Diabetic patients

ROM* Controls before exercise after exercise
therapy therapy
Right ankle plantar flexion 21.17+4.20 13.62+ 4.62 19.60£3.99
Left ankle plantar flexion 18.54+3.41 12.76+ 4.88 20.07+4.62
Right ankle dorsal flexion 46.76+8.20 36.72+11.89 46.35+8.72
Left ankle dorsal flexion 47.2949.52 35.20+11.35 44.01+7.86

*ROM = range of movement, in degrees

Diabetic patients before exercise therapy vs diabetic patients after exercise therapy: p<0.001
Diabetic patients before exercise therapy vs. controls: p<0.001

Diabetic patients after exercise therapy vs. controls: NS

Table 4 - Muscle strength in ankle plantar and dorsal flexion in diabetic patients before and after exercise
therapy and in controls at baseline. Values are mean * standard deviation.

Diabetic patients
before exercise

Diabetic patients

Strength (Newton) Control group after exercise

therapy therapy
Right ankle plantar flexion 906.25+236.13 439.78+196.00 840.03+252.41
Left ankle plantar flexion 866.03+253.69 391.03+186.26 784.90+252.71

Right ankle dorsal flexion

Left ankle dorsal flexion

237.50+ 78.48
231.32+ 84.56

166.48+ 78.58
156.76+ 67.89

22396+ 84.17
215.72+ 71.32

Diabetic patients before exercise therapy vs. diabetic patients after exercise therapy: p<0.001

Diabetic patients before exercise therapy vs. controls: p<0.001
Diabetic patients after exercise therapy vs. controls: NS
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Muscular strength at the ankle in plantar and dorsal flexion was significantly
lower in basal conditions in diabetic subjects versus controls (Table 4; p<0.001), but
this strength significantly increased in diabetic subjects after the period of exercise
therapy, achieving on average values similar to those measured in the control group
(p<0.001).

Before the training period, the gait speed of diabetic patients was significantly
reduced compared to controls (1.65 m/s vs. 1.95 m/s, p<0.002). However, this gait
speed was significantly improved after the treatment period (p<0.001) in the diabetic
group and achieved a value similar to that of controls. The results of the perceived
exertion, as measured by the Borg scale, have shown that this activity was considered
moderate with an average mean value of 11.81+2.94. The hemoglobin Alc of diabetic
subjects decreased during the treatment period (Table 1; p<0.01).

Discussion

Limited joint mobility and reduced muscular strength are very common in dia-
betic patients, even in the absence of diabetic complications. Interestingly, it has been
shown that adults affected by diabetes have an accelerated loss of skeletal muscle
strength (Park et al., 2007), strongly suggesting that low muscle strength in diabetic
adults is a consequence rather than just a coincidence of the disease. These charac-
teristics may explain the difficulty that diabetic patients have in performing physical
activity which then leads to the development of further physical disability. Muscle
quality also declines more rapidly in adults with diabetes (Andersen et al., 2004b),
suggesting that diabetes can result in functional impairment of muscular tone of the
lower extremities.

The mechanisms behind the rapid loss of skeletal muscle strength in older adults
with diabetes are not known. There is some evidence that reduced muscular strength
and muscular atrophy occur in the presence of neuropathy (Andersen et al., 1996), as
well as with the increase in inflammatory cytokines, such as TNF-alpha and IL-6, all
of which have negative effects on muscle mass, strength and physical performance in
older adults (Visser et al., 2002; Cesari et al., 2004; Del Rosso et al., 2006).

In the presence of low joint mobility the foot is unable to correctly provide shock
absorption and may lose its ability to maintain normal plantar pressure. This effect
may facilitate trauma in the plantar surface and ultimately lead to foot ulceration
(Zimny et al., 2004). In this context exercise has always been considered an important
component of prevention and therapy (Colberg et al., 2010). There is strong evidence
supporting the effectiveness of regular physical activity in the primary and second-
ary prevention of several chronic diseases including diabetes, especially in previously
sedentary individuals (Warburton et al., 2006).

Moreover, leg muscle ultrasonography studies have suggested that diabetic
patients - before exercise therapy - show a qualitative difference between connec-
tive and muscular tissue compared with controls. Ultrasonographic images suggest
that the ratio between connective and muscular tissue and muscle quality can be
improved after exercise therapy (Anichini et al., 2008).

Exercise therapy, in addition to playing an important role in limiting the negative
factors involved in the pathogenesis of diabetic foot, is vital to the maintenance of
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basic physical function and prevention of disability. Diabetic patients are often unable
to perform physical activity, especially if they are elderly and have previously had a
sedentary lifestyle (van Schie, 2008).

In keeping with these observations, our findings demonstrate that a period of
12 weeks of exercise therapy which is tailored to the subject’s condition, is able to
improve ankle joint mobility, muscular strength and walking performance. It is evi-
dent that the decline in musculoskeletal fitness of diabetic patients, which often
results in disability, may be reversible. The improvement we have seen in our
patients’ performances after exercise therapy can enhance their capacity to meet the
demands of everyday life and to allow them to maintain functional independence,
with the additional benefit of improving the control of their disease. Our study also
demonstrates the effectiveness and feasibility of an exercise program in diabetic
patients, suggesting that such programs should be offered as routine therapy together
with nutritional counseling and medication.

In conclusion, in agreement with other recently published data showing
improved balance and gait in diabetic subjects after tailored training, (Balducci et al.,
2010, 2012; Francia et al., 2014, Morrison et al., 2012) our findings demonstrate the
role of a supervised exercise program in the treatment of diabetic patients at risk of
diabetic foot. It is essential that subjects, after a suitable training program, become
able to perform physical activities by themselves, even at home (Collins et al., 2011),
since a key role in diabetic foot prevention is the continuous performance of exercise
therapy.
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