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Effect of transdermal insulin delivery by low intensity 
ultrasound in healing of chronic lower limb venous 
ulcer 

Abstract

Purpose. To determine the effect of Transdermal Delivery of Insulin by Low Intensity Ultrasound in healing of chronic 

lower limb venous ulcer. Methods. Sixty males and females participants who had chronic lower limb venous ulcer 

participated in this study. Their ages ranged from 40 to 60 years, distributed randomly into: group (A), 30 participants 

who received Transdermal Delivery of Insulin by Low Intensity Ultrasound in addition to regular medical care, and 

group (B), 30 participants who received topical insulin in addition to regular medical care. Both groups were evaluated 

pre‑treatment, after 4 and 8 weeks from the beginning of the treatment by using (image j) software for measuring the 

ulcer surface area and normal saline for measuring the ulcer volume. Results. By comparison between both groups post 

treatment there were statistically signi icant decreases (P < 0.05) in wound surface area and wound volume in favor of 

group (A). Conclusion. transdermal delivery of insulin is a safe, non ‑invasive and bene icial modality in the treatment 

of lower limb venous ulcer and can be added to the treatment protocols for these debilitating conditions.
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Streszczenie

Cel. Określenie wpływu przezskórnego podawania insuliny za pomocą ultradźwięków o niskiej intensywności 

w leczeniu przewlekłego owrzodzenia żylnego kończyn dolnych. Metody. W badaniu wzięło udział 60 mężczyzn i kobiet 

z przewlekłym owrzodzeniem żylnym kończyn dolnych. Ich wiek wahał się od 40 do 60 lat. Pacjentów podzielono 

losowo na: grupę (A), 30 uczestników, którzy oprócz regularnej opieki medycznej otrzymywali przezskórnie insulinę za 

pomocą ultradźwięków o niskiej intensywności, oraz grupę (B), 30 uczestników, którzy otrzymywali miejscowo 

insulinę oprócz regularnej opieki medycznej. Obie grupy oceniono przed leczeniem, po 4 i 8 tygodniach od rozpoczęcia 

leczenia, stosując oprogramowanie do pomiaru pola powierzchni wrzodu i roztwór soli izjologicznej do pomiaru 

objętości wrzodu. Wyniki. Pomiędzy obiema grupami po leczeniu stwierdzono statystycznie istotne spadki (P < 0,05) 

pola powierzchni rany i objętości rany na korzyść grupy (A). Wniosek. Przezskórne podawanie insuliny jest bezpieczną, 

nieinwazyjną i korzystną metodą leczenia owrzodzenia żylnego kończyn dolnych i może zostać wprowadzone do 

protokołów leczenia tej wyniszczającej choroby.

Słowa kluczowe

przezskórne podanie insuliny, miejscowe podanie insuliny, ultradźwięki o małej intensywności, przewlekłe 

owrzodzenie żylne
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Introduction 
A venous leg ulcer (VLU) is identified as an open wound in be‐
tween the knee and the ankle joint that take place in the presen‐
ce of venous disease and takes more than 14 days to heal [1]. 
Venous ulcer is open skin lesion that occur in an area influen‐
ced by venous hypertension [2]. It is the highly incidence type 
of chronic lower limb ulcers, affecting less than 4% of the US 
population. Venous hypertension secondary to venous reflux 
(incompetence) or obstruction is suggested to be the primary 
underlying cause for venous ulcers formation [3]. Patients with 
VLUs frequently present with repeated episodes of ulceration, 
healing, and reappearance. Such ulcers can take long time to 
heal, and 12month reoccurrence rates are predicted as between 
18% and 28%, so current management and avoidance of repeti‐
tion should be treated as a superiority [4].
Therapy options for venous ulcer include conservative treat‐
ment, mechanical modalities, drugs treatment, a progressive 
wound therapy, and surgical choices. Past studies used different 
options for venous ulcers healing such as: Debridement of ne‐
crotic tissue [5], Intermittent Pneumatic Compression [6], leg 
rise above level of heart [7], resistance exercise with prescribed 
physical activity [8], Hyperbaric Oxygen Therapy device [9], 
Negative Pressure Wound Therapy device [10], Cellular and 
TissueBased Products [11] and Skin Grafting choice [12].
Insulin defined as a polypeptide hormone including 51 amino 
acids formed by the β cells of the pancreatic islets of Langer‐
hans. It play a basic role in controlling blood glucose levels, sti‐
mulating numerous substrates which have acting in various 
cellular processes and activate a wide range of effects on cells 
signaling pathways adjusting metabolic and mitogenic func‐
tions through binding to receptors on the cell surface [13]. Hu‐
man growth hormone receptors are cite all over the skin; insulin 
acts on these skin receptors and induce re epithelialization as 
well as collagen content, granulation tissue formation, wound 
tensile strength, and topical production of insulinlike growth 
factors through fibroblasts. Insulin also activate proliferation 
and migration of tissue keratinocytes, which encourages cell 
growth and augment wound healing [14]. Further to controlling 
reepithelialization and inflammatory responses at injured tissu‐
es, insulin also strives angiogenic effect on wounds. Topical in‐
sulin induce the number of newly developed blood vessels in 
healing tissues [15]. Moreover, subcutaneous injection of insu‐
lin activate microvascular endothelial cell migration and endo‐
thelial tube production [16]. 
The aim of the present study is to find a treatment method for 
venous ulcer as it is the most common and difficult ulcer type 
to heal so this study was conducted to find a nonexpensive and 
available method of treatment to achieve more rapid closure of 
the venous ulcer and to prevent complications of the open wo‐
und as wound infection, septicemia and limb amputation. 
This study was conducted to examine the effect of Transder‐
mal Delivery of Insulin by Low Intensity Ultrasound in he‐
aling of chronic lower limb venous ulcer.

Material and Methods
Study Design
This study was designed as a randomized, singleblinded, con‐
trolled trial, It was performed between May 2020 and April 2021.

Participants
Sixty (45 males and 15 females) participants who had chronic 
lower limb venous ulcer were selected randomly from the out‐
patient clinic of Endo Vascular Surgery at Al Mataria Teaching 
Hospital, Cairo, Egypt and participated in this study. The pa‐
tients confirmed their participation in the study by signing 
a consent form after clarifying the nature, and benefits of the 
study and their right to drop out from the study at any time. 
Ethical approval was gained from the institutional review bo‐
ard at Faculty of Physical Therapy, Cairo University before in‐
itiating the study [NO:P.T.REC/012/002686].

Inclusion Criteria
To be included in the study; The patients should be diagnosed 
as chronic venous ulcer of lower limb and free from deep ve‐
nous thrombosis and any disease that affect the results of the 
study. Their ages ranged from 40 to 60 years.

Exclusion Criteria
Participants were excluded from the study if they had specific 
disorders (such as Lower limb arterial occlusion, Cardiac dise‐
ase, Lower limb cellulitis, and deep venous thrombosis).

Randomization
The patients were assigned randomly into two equal groups in 
number (study group (A) and control group (B)) by a blinded 
and an independent research assistant who opened stamped 
envelopes that had a randomization card generated by a com‐
puter based randomization program. No subjects withdrawn 
from the study after randomization, Figure 1.

Interventions
Patients were randomly divided into two equal groups in num‐
ber: Group (A): was composed of 30 patients (21 males and 9 
females) who received Transdermal Delivery of Insulin by Low 
Intensity Ultrasound and regular medical care 3 times weekly for 
8 consecutive weeks. Group (B): was composed of 30 patients 
(24 males and 6 females) who received topical insulin and regu‐
lar medical care 3 times weekly for 8 consecutive weeks. 
All patients in both groups were evaluated pre treatment as 
a baseline and reevaluated at the end of the 4th and 8th weeks 
of treatment.

Group A (Transdermal Delivery of Insulin by Low Intensity 
Ultrasound)
The patient was seated in a comfortable and relaxed position. 
The ulcer was cleaned with normal saline and then insulin so‐
lution was applied to the ulcer (2 units insulin/cm2) using brush 
of hair of camel. The sterilized plastic bag filled with aquaso‐
nic gel was adjusted to the ulcer area and the surrounding tis‐
sues to avoid any crosscontamination of the device. Pulsed 
ultrasonic (applicator 1.9 cm2) was practiced over the gel pad 
while the ultrasound head was moved in a circular motion 
above the ulcer cavity. A pulsed ultrasound applied over a pla‐
stic bag and movement proposed over the wound cavity or wo‐
und scab, then over the wound edges. Ultrasound therapy 
applied with the following parameters; pulsed duty cycle 40% 
(4 ms on, 6 ms off) and power density 0.5 W/cm2 for 6 min 
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[17], three times a week, over 8 consecutive weeks. Finally, 
the wound cleaned, and the sterile dressing applied to wound.

Group B (topical insulin) 
The patient was seated in a comfortable and relaxed position. 
The ulcer cleaned with normal saline and then insulin applied 
to the skin (2 units insulin/cm2) three times a week, over 8 
consecutive weeks. Finally, the wound cleaned, and the sterile 
dressing applied to wound.

Outcome Measures
All patients in both groups were evaluated pre treatment as 
a baseline and reevaluated at the end of the 4th and 8th weeks 
of treatment.
1. A picture of the wounds was taken at a 20 cm distance away 
from the wound and perpendicular 90 degree with a digital ca‐
mera 12 Mega Pixels with placing a graduated ruler beside the 
wound and then the picture was processed by the image J so‐
ftware which is valid and reliable method for measuring the 
wound surface area. A Javabased image processing program 
advanced at the National Institutes of Health and the Laborato‐
ry for Optical and Computational Instrumentation [18] was 
used for measurement of wound surface area.

2.  Normal saline is valid and reliable method for measuring 
the wound volume which was drained in the wound bed till fil‐
ling the wound then calculate the volume of the drained saline 
in the wound.

Statistical analysis
Descriptive statistics and unpaired ttest were conducted for 
comparison of age between both groups. Chisquared test was 
conducted for comparison of sex distribution between groups. 
Normal distribution of data was checked using the ShapiroWilk 
test. Levene’s test for homogeneity of variances was conducted 
to test the homogeneity between groups. Mixed MANOVA test 
was conducted to compare within and between groups effects on 
wound surface area and wound volume. 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 25 for windows (IBM SPSS, Chicago, IL, USA).

Results
Subject characteristics
Table (1) showed the subject characteristics of the study and 
control groups. There was no significant difference between 
both groups in the mean age and sex distribution (p > 0.05).

Figure 1. Flow chart of the study
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Table 2. Mean wound surface area and volume at pre treatment, post I and post II of study and control groups

23.93 ± 8.87

23.12 ± 7.35

p = 0.7

3.16 ± 1.06

3.12 ± 0.92

p = 0.86

12.8 ± 4.87

16.68 ± 5.82

p = 0.007

1.4 ± 0.91

2.07 ± 0.8

p = 0.003

4.2 ± 1.95

11.27 ± 2.88

p = 0.001

0.52 ± 0.27

1.18 ± 0.41

p = 0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

Wound surface area (cm²)

Group A

Group B

Wound volume (cm³)

Group A

Group B

Effect of treatment on wound surface area and volume
Within group comparison
There was a significant decrease in wound surface area and 
wound volume of study and control groups at post II compa‐
red with that pretreatment and at post I (p < 0.001). Also, 
there was a significant decrease in wound surface area and 
wound volume of study and control groups at post I compared 
with that pre treatment (p < 0.001) (table 2).
In study group, the wound surface area decreased by 46.51% 
at post I and by 82.45% at post II while the wound volume 
decreased by 55.7% at post I and by 83.54% at post II. While 

in control group, the wound surface area decreased by 27.85% 
at post I and by 51.25 at post II while the wound volume de‐
creased by 33.65% at post I and by 62.18% at post II.

Between groups comparison
There was no significant difference in wound surface area and 
wound volume between groups pretreatment (p > 0.05). Com‐
parison between groups post treatment revealed a significant 
decrease in wound surface area and volume of study group 
compared with that of control group at post I (p < 0.01) and at 
post II (p < 0.001) (table 2).

Table 1. Comparison of subject characteristics between the study and control groups

Age [years]

Gender [n (%)]:

Females

Males

51.3 ± 6.2

9 (30%)

21 (70%)

51.2 ± 6.47

6 (20%)

24 (80%)

0.95

0.37

Study group 
Mean ± SD

Control group
Mean ± SD

Pvalue

SD: Standard deviation; p value: Probability value

Pre treatment
mean ± SD

Post I
mean ± SD

Post II
mean ± SD

pvalue

SD: Standard deviation; pvalue: Level of significance

Pre vs Post I Pre vs Post II Post I vs Post II

Discussion
Venous leg ulcer (VLU) is one of the most common ulcer type 
of the lower extremity. VLU influences many humans worl‐
dwide [19]. Major incriminate factors for venous leg ulcer 
(VLU) include family history, obesity, deep venous thrombo‐
sis, and old age [20]. Venous ulcer is distressing, and can be 
bad odorous and prone to infection. Over more, it may be ba‐
dly influence people’s mobility anddaily life activities. The 
presence of leg ulceration has been combined with pain, con‐
straint of work and convenience activities, impaired mobility, 
sleep disturbance, decreased psychological wellbeing and so‐
cial desolation [21]. 
The aim of the current study was to compare the effect of to‐
pical insulin and Transdermal Delivery of Insulin by Low In‐
tensity Ultrasound on venous ulcer healing (wound surface 
area and wound volume) to reach the best results in the pro‐
cess of wound healing. 

By the end of this study, the analysis of data revealed that: In 
study group, the wound surface area decreased by 46.51% 
after 4 weeks from the beginning of the treatment and by 
82.45% after 8 weeks from the beginning of the treatment, 
while the wound volume decreased by 55.7% after 4 weeks 
and by 83.54% at after 8 weeks. In control group, the wound 
surface area decreased by 27.85% after 4 weeks and by 51.25 
after 8 weeks while the wound volume decreased by 33.65% 
after 4 weeks and by 62.18% after 8 weeks. Therefore, there 
was more efficacy of Transdermal Delivery of Insulin by Low 
Intensity Ultrasound than topical application of insulin in the 
treatment of lower limb venous ulcer.
Based on the method, patients were split into two groups com‐
posed of 30 patients for each; that is group A had dressing with 
topical insulin and group B had addressing with normal saline, 
it was concluded that, topical insulin dressing administers fa‐
vorably outcome in persons with diabetic foot ulcer by signifi‐
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cant decreasing in wound area when correlated with normal 
saline dressing [22].
Bhittani et al suggested that topical insulin dressing is more 
safe and effective way used for diabetic foot ulcer healing 
when related to normal saline over one hundred ten patients 
were involved in the study. Sampling facility used was non
probability consecutive. Patients were attached into two gro‐
ups, group A acquiring therapy with solution of 30 Internatio‐
nal Units Insulin ordinary in 30 ml of normal saline and group 
B acquiring conventional dressing with normal saline. The 
wound was correlated for the two groups at the days 7, 14 and 
21 for wound healing [23]. Another study suggested that the 
application of topical Insulin greatly increase wound healing 
in chronic ulcer. Topical insulin in chronic ulcer is secure and 
efficient without any systemic aftereffect. Topical insulin si‐
gnificantly decrease the hospital vacation of patients with 
chronic ulcers. Rapid return to work reduce economical load 
[24]. Wang et al stated that Topical insulin may be a smooth 
and efficient treatment for refractory neurotrophic corneal 
ulcers. By inquiry patients who had neurotrophic corneal 
ulcers or epithelial fault refractory to ideal medical and surgi‐
cal therapy. Insulin drops, processed by conjoin regular insu‐
lin in unreal tears with a polyethylene glycol and propylene 
glycol base at a concentration of 1 unit per mL, were recom‐
mended 2–3 times daily [25]. 
On the contrary Sridharan and Sivaramakrishnan practice an 
applicable research strategy, computerized data bases were 
explored for randomized controlled trials that have correlated 
topical application of insulin in wound with normal saline. 
Standardize mean differences were determined for the succes‐
sive outcome measures: rate of healing of ulcers/wound, rate 
of granulation tissue growth, micro vessel density, healing ti‐
me, wound area and ulcer severity score. To conclude that the 
studies attended in this field were preparatory and it was diffi‐
cult to tie any conclusion respecting the application of insulin 
topically for wound healing. Further, high quality randomized 
trials are needed to hardly conclude the applicability of topi‐
cal insulin for healing wounds [26].
Jabbari et al. concluded that the utilization of ultrasound tech‐
nique alleviated insulin delivery, and that the diabetic glucose 
level of rats was decreased to normal values in their study 

(rats were split into four groups: Group 1 was a control group; 
Group 2 accepted a subcutaneous injection of insulin (0.25 U/kg); 
Topical and ultrasonic transdermal insulin were conducted to 
groups 3 and 4 reciprocally) [27]. In another study, the crisis of 
cavitation in the transmission of transdermal insulin was exa‐
mined, and substantial advancement in insulin penetration 
(40%) was recorded [28].
The present study had a remarkable effect in wound healing as 
a result of topical insulin which acts on Human growth hormo‐
ne receptors scattered throughout the skin and increases re epi‐
thelialization as well as collagen content and production, 
granulation tissue, wound tensile strength, and localized pro‐
duction of insulinlike growth factors by fibroblasts. Insulin al‐
so enhance proliferation and migration of human 
keratinocytes, which stimulates cell growth and wound healing 
and enhance scar tissue formation. In addition to the effect of 
ultrasound to increase its permeability and efficacy in wound 
healing. Moreover, insulin had no side effect in topical appli‐
cation for wound healing. This study was limited by small 
sample size of the patients and shortage of patients that accept 
to share in the study. 
It was recommended that the increment of sample size and to 
do more histopathological studies to the wound and to use va‐
rious methods of assessment for wound healing are valuable. 
Furthermore, other cooperative studies with various physical 
therapy modalities used in wound healing can be studied in the 
future.

Conclusion
It could be concluded that Transdermal Delivery of Insulin by 
Low Intensity Ultrasound is much better than topical insulin in 
managing chronic lower limb venous ulcer and to help in de‐
creasing the wound surface area and the wound volume.
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