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Abstract  

Background:  Venous leg ulcers are open chronic wounds  
that occur within the gaiter region of the leg (from below the  
ankle, up to mid-calf) and are a consequence of venous  
insuffciency. They typically present as repeated cycles of  
ulceration, healing, and recurrence. Such ulcers can take  
weeks or months to heal, and 12-month recurrence rates are  
between 18% and 28%. They are painful, malodorous, prone  
to infection, and severely affect patients' mobility and quality  

of life, therefore resisted ankle exercises is improving calf  

muscle pump action by increasing ankle (plantar flexion)  
range of motion which improving venous system function in  
the lower leg and so improving 2 nd  and 

3 rd 
 degrees of venous  

leg ulcers healing.  

Aim of Study:  The aim of this study was to determine the  
efficacy of resisted ankle exercises on healing of venous leg  

ulcers.  

Subjects and Method:  Thirty patients suffering from 2 nd  
and 3rd  chronic venous leg ulcers were recruited from Vascular  
Surgical Outpatient Clinic of Al-Hussien University Hospital.  
Their ages ranged from 45 to 60 years old: They distributed  
into two Groups (A & B). Group (A) "study group": Fifteen  
patients who received ankle resistance training exercise in  
addition to the traditional medical treatment. Group (B)  
"control group": Fifteen patients who received only the tradi-
tional medical treatment. Resistance training exercise was  
applied in the form 20 or 25 repetitions maximum at the end  
of the twelve week, three sessions per week, every other day,  
for three months.  

Results:  Results showed that ankle resistance training  
exercise program was effective in improving healing of venous  
leg ulcers by decreasing ulcers' volume measured by sterilized  

saline solution by improving calf muscle pump function.  

Conclusion:  Application of 12 weeks ankle resisted exer-
cises in patient with 2nd  and 3 rd  degrees of chronic venous  
leg ulcers resulted in decreasing volume of venous ulcers and  
so increasing of healing rates.  
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Introduction  

VENOUS  Leg Ulcers (VLUs) account for approx-
imately 70% of chronic leg ulcers and are the result  
of Chronic Venous Insufficiency (CVI) or venous  
disease in the lower leg [1] . Chronic venous insuf-
ficiency is a dysfunction of the venous system that  

occurs as a result of an impairment of the calf  
muscle pump [2] .  

Calf muscle pump dysfunction is associated  
with reduced ankle range of motion which is a risk  
factor for delayed healing of VLUs. Exercise that  
targets ankle joint mobility may lead to improve-
ment in calf muscle pump function and subsequent  
healing [3] .  

However, little is known regarding the effect  
of exercise on healing functional ability and health  
related quality of life [4] .  

Venous leg ulcers are a major health concern  
in the older population [5]  affecting 1-3% of the  
population aged over 60 years Leg ulcers may  
persist for years and may have a profound impact  
on the well-being of the individual [6] .  

Chronic venous insufficiency and associated  
venous hypertension may lead to calf muscle chang-
es such as muscle fiber atrophy [7]  abnormal gait  
[8]  and reduced strength and functioning of the calf  
muscle [9] . This impairment of calf muscle pump  
function further worsens venous hypertension.  

There is an evidence that calf muscle function  
in this patient population [10] . Only one study has  
tested the feasibility of improving calf muscle  
pump function by exercise in patients with venous  
ulceration [11] .  

Exercises that target knee and ankle joint mo-
bility may lead to an improvement of calf muscle  
pump function and subsequent healing [12] .  
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Studies have used a resistance training approach  

as a means for developing muscular strength and  

endurance of the calf muscle to ascertain whether  

this results in an improvement in calf muscle pump  
[13] .  

Subjects and Methods  

I- Subjects:  

Thirty patients who have 2 nd  and 
3rd 

 degrees  
of chronic venous leg ulcers participated in this  

study. Their ages were ranged from 45 to 60 years.  
The participants were selected from Al-Azhar  

University Hospitals started from July 2018 to  

January 2019, and randomly distributed into two  
equal groups.  

Design of the study: In this study the patients  
were randomly assigned into two equal groups (15  
patients for each group): (A) Group A (study group):  

This group includes 15 patients with 2 nd  and 3 rd  

chronic venous ulcers who was received knee and  

ankle resisted exercises in addition to physical  
therapy program (compression therapy, ultrasound  
application. And ROM ex.) and medical treatment  
(aeroxol, mebo, bialcofan, betadine) blood clots  

from forming and reduce risk of deep vein throm-
bosis. Gramicidin, ionized silver which is an  
absorbant sheets requires activation with sterile  

water and is effective against the same organisms  

as silver sulfadiazine but provides a moist environ-
ment to promote epithetlization). Group B (control  

group): This group included 15 patients with venous  

leg ulcers who was received compression therapy,  

ultrasound application, and ROM ex.) and medical  
treatment blood clots from forming and reduce  

risk of deep vein thrombosis.  

Criteria for the patients:  
Inclusion criteria:  The subject selection was  

according to the following criteria: Age ranged  

between 45-60 years. All patients participated in  

the study. All patients have 2 nd  and 
3rd 

 degrees of  
chronic venous leg ulcers all patients were free  

from diabetes mellitus. All patients enrolled to the  

study had their informed consent the potential  
participants excluded if they met one of the fol-
lowing criteria: Patients with history of DVT,  
Osteoarthritis patients diabetic patients and patients  
with osteoporosis.  

Evaluation process:  
All patients were subjected to evaluation of  

venous leg ulcers volume according to using ster-
ilized saline injection which was used for assess-
ment of venous leg ulcers healing. All patients  

were evaluated before starting the study and after  

12 weeks of treatment.  

Material for treatment:  
Therapeutic elastic bands (resistance bands,  

free weights (including standard or adjustable as  

dumbbells, ankle cuffs that hold weight bars, and  
weight Machines (multi gym).  

Procedures of the study:  
Measurement procedures: Measurements of  

ulcer's volume: The ulcer's volume are measured  
before starting the study by sterilized saline which  

is injected inside the ulcer and pulling it again and  

measure the volume by cubic centimeters recording  
measurements of all the patients before study and  

the other measurements recorded after 12 weeks  

of applying ankle resisted exercises in addition to  

traditional physical therapy program.  

Procedures of applying mechanical resistance:  

During 12 weeks intervention period ankle  
resisted exercises program was included a 20  

minute session three times a week (60min/week)  
under supervision of vascular medicine. Resistance  
exercises are done after ensuring that all participants  

can reach full ankle range of motion actively.  

Subjects had 10 minutes manual resisted exercises,  
applied by the therapist gradually then 5 minutes  

rest interval then 10 minutes of mechanical resisted  

exercises for calf muscles using elastic bands and  

ankle cuffs. Resistance and flexibility exercises  

were performed for approximately 20 minutes in  
order to improve calf muscle pump function, leg  

(predominantly calf) muscle strength, and joint  

(predominantly knee and ankle) mobility. Resisted  
exercises predominantly involved dynamic body-
weight exercises with or without the use of dumb-
bells and free weight cuffs (e.g., calf raises and  

partial squats).  

- Exercise was performed for two or three sets of  
10 to 15 repetitions to the point of moderate  
muscle fatigue for flexibility, static stretches was  

performed for all of the major muscle groups of  

the legs, for a total of 60 seconds per muscle  
group (comprising 3 X 20 second stretches), was  

held at the point of mild discomfort.  

A trained exercise physiologist was supervised  
each session, and there were a maximum of four  
participants per session to help ensure patient  

safety, successful delivery of the exercise session  

and collection of data. Compression garments  

(stockings/bandages) were monitored during each  

exercise session: If affected by exercise, participants  

were referred to the tissue-viability nursing team  
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for re-application, and additional visits were noted  
for the health economics analyses.  

Exercise forms:  
• Stage 1: Seated heel raises:  

3 sets of 10 to 15 repetitions 3 times per day.  
3 sets of 15 to 20 repetitions 3 times per day.  
3 sets of 20 to 25 repetitions 3 times per day.  

• Stage 2: Standing heal raises:  
3 sets of 10 to 15 repetitions 3 times per day.  
3 sets of 15 to 20 repetitions 3 times per day.  
3 sets of 20 to 25 repetitions 3 times per day.  

• Stage 3: Seated heel raises with applying manual  
resistance:  

3 sets of 10 to 15 repetitions 3 times per day.  
3 sets of 15 to 20 repetitions 3 times per day.  
3 sets of 20 to 25 repetitions 3 times per day.  

• Stage 4: Standing heel raises with holding resist-
ance elastic bands:  

3 sets of 10 to 15 repetitions 3 times per day.  
3 sets of 15 to 20 repetitions 3 times per day.  
3 sets of 20 to 25 repetitions 3 times per day.  

• Stage  5:  Seated heel raises with applying resist-
ance by weight cuffs:  

3 sets of 10 to 15 repetitions 3 times per day.  
3 sets of 15 to 20 repetitions 3 times per day.  
3 sets of 20 to 25 repetitions 3 times per day.  

• Stage  6:  Pushing weight bar by using weight  
machine:  

3 sets of 10 to 15 repetitions 3 times per day.  
3 sets of 15 to 20 repetitions 3 times per day.  
3 sets of 20 to 25 repetitions 3 times per day.  

Statistical analysis:  
Descriptive statistics and t-test were conducted  

for comparison of subject characteristics between  
both groups. Chi squared test were conducted for  
comparison of sex distribution between both  
groups. Mixed MANOVA was conducted to com-
pare the mean values of ulcer's volume between  
the study and control groups as between group  
comparison and between preand post-treatment in  
each group as within group comparison. Post-hoc  

tests using the Bonferroni correction were carried  
out for subsequent multiple comparison. The level  
of significance for all statistical tests was set at p  
<0.05. All statistical analysis was conducted  
through the Statistical Package for Social Studies  
(SPSS) Version 19 for windows (IBM SPSS, Chi-
cago, IL, USA).  

Results  

Patient demographic data:  
- Subject characteristics:  

Table (1) showed the mean ±  SD age of study  
and control groups. There was no significant dif-
ference between both groups in the mean age (p=  
0.37). Also, there was no significant difference in  

sex distribution between groups (p=0.74).  

Table (1): Comparison of subject characteristics between study and control  

groups.  

Effect of treatment on ulcer's volume:  
Mixed MANOVA revealed that there was a  

significant interaction of treatment and time (F=  
62.67, p=0.001). There was a significant main  
effect of time (F=431.06, p=0.001). There was no  
significant main effect of treatment (F=2.66, p=  
0.11) (Table 2).  

- Within group comparison:  
There was a significant decrease in ulcer's  

volume post-treatment compared with that pre- 

treatment in both groups (p>0.001). The percent  
of decrease in ulcer's volume were 44.44 and  
19.25% in study and control groups respectively  
(Table 2).  

- Between groups comparison:  
There was no significant difference between  

both groups in ulcer's volume pre-treatment (p=  
0.78). There was a significant decrease in ulcer's  
volume of study group compared with that of  
control group post-treatment (p=0.004) (Table 2).  
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Table (2): Mean ulcer's volume pre and post-treatment in study and control groups.  

Study group Study group Between groups  

  

p - 
value  

  

p - 
value  

   

– Pre  
X ± SD  –

Post  
X ±  SD  

– Pre  
X ± SD  –

Post  
X ±  SD  

Pre  
p-value  

Post  
p-value  

Ulcer's volume (cm
3

)  2.88±0.83 1.6±0.62 0.001**  2.96±0.72  2.39±0.75  0.001 **  0.78*  0.004**  

X : Mean. * : Non significant.  
SD : Standard Deviation. **: Significant.  
p-value: Level of significance.  

Discussion  

The purpose of this study was to investigate  
the efficacy of ankle resisted exercises on healing  

of chronic venous leg ulcer. Thirty patients with  

chronic venous leg ulcers from both sexes were  
conducted to the study. Their ages were ranged  
from 45 to 60 years old.  

The results of this study revealed significant  
improvement of venous ulcers' healing in ankle  
resisted exercise training group (Group A) that  
agreement with O'Brien et al. (2017) who found  
that exercise that targets ankle joint mobility may  
lead to improvement in calf muscle pump function  
and subsequent healing. The objectives of this  
research were to assess the impact of an exercise  
intervention in addition to routine evidence-based  
care on the healing rates, functional ability and  
health-related quality of life for adults with Venous  
Leg Ulcers (VLUs).  

Partsch et al., (2016) it should be applied as  
early as possible by skilled practitioners, following  

a comprehensive assessment (Wounds, 2016). Com-
pression therapy in the form of bandage or hosiery  
reduces edema, heals the ulceration ,and reverses  

venous hypertension. Compression with a higher  
Static Stiffness Indicator (SSI) provides lower  
resting pressures and higher working pressures,  
making it more efficient and tolerable for patients.  

Edwards et al., (2013) found the feasibility of  
a home-based exercise programs and examined the  
effects on the healing rates of venous leg ulcers.  
A 12-week randomized controlled trial was con-
ducted investigating the effects of an exercise  
intervention compared to a usual care group. Par-
ticipants in both groups (n=13) had active venous  
ulceration and were treated in a metropolitan hos-
pital outpatients clinic in Australia. Data were  
collected on recruitment from medical records,  
clinical assessment and questionnaires. Follow-up  
data on progress in healing and treatments were  

collected fortnightly for 12 weeks.  

Stewart & Gibbs, 2013 concluded that calf m  
uscle pump function data were collected at baseline  

and 12 weeks from recruitment. Range of ankle  
motion data were collected at baseline, 6 and 12  
weeks from recruitment. This pilot study indicated  

that the intervention was feasible. Clinical  
significance was observed in the intervention group  
with a 32% greater decrease in ulcer size (p=0·34)  
than the usual care group, and a 10% (p=0·74)  
improvement in the number of participants healed  
in the intervention group compared to the usual  
care group. Significant differences between groups  
over time were observed in calf muscle pump  
function parameters [ejection fraction (p=0·05),  
residual volume fraction (p=0.04)] and range of  
ankle motion (p=0.01).  

Kerr et al., (2014) reported a description of the  
supervised exercise programme is provided sepa-
rately (additional file 2). Participants allocated to  
the intervention group were invited to attend three  
sessions of supervised exercise each week for 12  
weeks (total of 36 sessions) at one of the two study  

exercise training facilities.  

Finlayson, 2014 designed that each exercise  
session was approximately 60 minutes and will  
comprise a combination of aerobic, resistance and  

flexibility exercises.  

Each session begin and end with 5 minutes of  
low-intensity treadmill walking or cycling for a  
warm-up and cool-down, respectively. The aerobic  

component was approximately 30 minutes, and  
whether the exercise mode was treadmill walking,  
cycling, or a combination of both is determined  
by the physical function and preference of partic-
ipants. Tread-mill hill-walking was the preferred  
mode since it promoted greater recruitment of the  
calf musculature than cycling.  

Conclusion:  
Application of 12 weeks ankle resisted exercises  

in patient with 2nd  and 3 rd  degrees of chronic  
venous leg ulcers if effective in decreasing volume  
of venous ulcers and so increasing of healing rates.  
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