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chronic ulcers of the
lower limbs
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Abstract

Objective: This study aimed to examine the effects of ultrasonic debridement plus a wet

dressing of Shenghong (SH) on chronic ulcer healing of the lower extremities in patients

with diabetes.

Methods: Sixty cases of diabetes combined with chronic lower limb ulcers were

randomly divided into control (n¼ 30) and experimental (n¼ 30) groups. The control

group was treated with ultrasonic debridement plus recombinant human fibroblast growth

factor (FGF) gel. The experimental group was treated with ultrasonic debridement plus SH

wet dressing.

Results: The mean clinical efficacy in the experimental group was significantly higher than that in

the control group (93.33%� 6.32% versus 60.0%� 5.87%). The mean ulcer area was significantly

smaller and the mean ulcer healing rate was significantly shorter in the first 3 months, and the

mean overall pain intensity score was significantly lower in the experimental group than in the

control group. Moreover, the positive rates of bacterial culture on the 7th and 15th days were

significantly lower in the experimental group than in the control group.

Conclusion: The use of ultrasonic debridement plus SH wet dressing for treating ulcers can

significantly improve clinical efficacy and promote healing.
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Introduction

Chronic and recurring lower limb ulcers are
common and frequently occurring diseases in
clinics.1 If a patient with these ulcers also has
diabetes, healing of the ulcer will be delayed
and may even cause serious consequences,
such as amputation.2 A 2008 epidemiological
survey in China showed that the prevalence
of lower limb ulcers in diabetes and predia-
betes was 10% and 15%, respectively.1 The
amputation rate of patients with diabetes is
approximately seven to 10 times that of
patients without diabetes.3

In response to such a severe situation,
medical scientists believe that treatment of
diabetes in patients with chronic ulcers of
the lower extremities should take into con-
sideration factors that are not conducive to
ulcer healing (e.g., high blood sugar, ulcer
infections, necrotic tissue, and fibrosis) to
improve the overall body condition and
facilitate the healing of ulcers. Ultrasonic
debridement can remove bacterial, fungal,
and necrotic tissue through “cavitation”
and hemostatic effects during jet flushing
with low-frequency and high-energy ultra-
sound waves.4 This technique is currently
widely used in European and American
countries for some chronic and intractable
ulcers. Ultrasonic debridement is not only
useful in controlling infection, but is also
closely associated with the ultrasonic ther-
mal and biological effects in promoting
healing of ulcer surfaces. The thermal
effect can increase skin temperature,
improve blood supply, and help tissue
repair. Demir et al.5 showed that low-
frequency ultrasound could promote the

release of growth factors indirectly, thereby

promoting faster healing of ulcers.
Fibroblast growth factor (FGF) pro-

motes migration of endothelial cells and

proliferation of fibroblasts, promotes for-

mation of new blood vessels, and repairs

damaged endothelial cells. Under the

action of FGF, a large number of endothe-

lial cells and fibroblasts create a granulation

tissue, which provides necessary oxygen and

nutrients for wound repair and promotes

ulcer healing. At present, FGF is routinely

used for treating diabetic ulcers.6

In recent years, under the guidance of the

basic theory of traditional Chinese medicine

(TCM), clinical application of TCM, includ-

ing paste, lotion, fumigation, and wet dress-

ing, has played a significant role in treating

lower limb ulcers.3 Owing to TCM’s potency

and effects, we hypothesize that TCM is be

even more efficient if administered together

with another treatment in patients with dia-

betes and chronic ulcers. Therefore, in this

study we investigated whether ultrasonic

debridement and Shenghong liquid ([SH]

Radix rehmanniae 25 g, Carthamus tinctorius

25 g, Coptis chinensis 20 g, Rheum officinale

20 g, Radix lithospermi 20 g, Fructus garden-

iae 20 g, licorice 15 g) promotes the com-

bined healing of diabetes and chronic

ulcers in the lower extremities.

Materials and methods

Basic information

Sixty patients with diabetes who were com-

plicated by the presence of chronic lower
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limb ulcers and hospitalized at the
Endocrinology Department of our hospital
from January 2017 to February 2018 were
included in our study. Patients were included
by following the 1999 World Health
Organization’s diagnostic criteria for diabe-
tes,7 the diagnostic criteria of syndromes for
lower limb venous ulcers, and the diagnostic
criteria for lower limb arterial ischemic
ulcers.8 There were 30 diabetic mixed
ulcers, 18 diabetic lower limb venous
ulcers, and 12 lower limb arterial ischemic
ulcers. Gestational diabetes and diabetic
conditions complicated by the occurrence
of other major diseases were excluded. This
project was reviewed and approved by the
medical ethics committee of Guangdong
Integrated Traditional Chinese and
Western Medicine Hospital, and written
informed consent was obtained from each
participant. Patients were randomly divided
into a control group (n¼ 30) and an exper-
imental group (n¼ 30).

Treatments

Ulcers, including ulcer size, depth, exuda-
tion, ulcer base, and infection, were evalu-
ated by the same professional trained staff.
Patients in both groups were administered
the same drugs to control blood glucose
levels and infection.

Patients in the control group received
ultrasonic debridement plus external applica-
tion of recombinant human basic FGF gel
for ulcer treatment. A multifunctional ultra-
sonic debridement machine (model: MUI-IV-
H/S; Tengyue, Chongqing, China) was con-
figured and used. Functional configurations
of the machine include digital temperature
control, ultrasonic debridement, negative
pressure suction, and high-pressure flushing.
During treatment, the front end of the
handle, containing the treatment end, was
positioned to slightly touch the ulcer surface
at a 45-degree angle, and the treatment head
moved back and forth on the ulcer surface

with a spray of saline water. Each treatment

was carried out once a day and lasted less

than 20 minutes. After ultrasonic debride-

ment, a recombinant FGF gel (Chinese

Medicine S20040053; Nan Hai Lang Tai

Pharmaceutical Co., Ltd., Guangdong,

China; each dose was approximately 300

IU/cm2) was used to cover the ulcer surface

once a day, followed by covering of the ulcer

with sterile gauze and bandaging.
Patients in the experimental group were

administered blood glucose control and

infection drugs, and they also received ultra-

sonic debridement plus SH therapy. Briefly,

after ultrasonic debridement treatment of

the ulcer, a sterile gauze was soaked in a

shaken raw red liquid that was prepared in

a treatment bowl. The gauze was twisted

into non-dripping water with tweezers, wet

compressed on the fully exposed clean ulcer

surface, and wrapped with a bandage.

Patients’ care

Patients in both groups received a low-salt

and low-fat diabetes diet. They were also

advised to keep ulcers clean, reduce activity,

avoid standing for a long time, and wash

feet with hot water every night. The patients

also received psychological care to maintain

a good state of mind.

Evaluation of efficacy

Clinical efficacy was assessed as follows:

invalid – no significant change in the ulcer

surface or the ulcer became worse, with a

healing rate of the ulcer area< 40%;

improved – the ulcer surface had shrunk,

necrotic tissue was decreased, purulent

secretion had disappeared, with possible

appearance of some new granulation

tissue, and the healing rate was between

40% and 80%; effective – the ulcer surface

was greatly reduced, with more new granu-

lation tissue than in the improved condi-

tion, and the ulcer healing rate was
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between 80% and 100%; and cured – the

ulcer healing rate was 100% and local

symptoms had disappeared. The cure rate

was calculated as follows:

Cure rate¼ (number of people cured/total

number)� 100%.9

Reduction of the ulcer area

A digital camera was used to capture the

area of the ulcer. The reduction in the

area of the ulcer was calculated as follows:

Reduction in ulcer area¼ (ulcer area before

treatment�ulcer area after treatment)/

ulcer area before treatment� 100%.9

Ulcer areas were measured at the end of

each month in the first 3 months.

Ulcer healing time

Healing of ulcers of the affected limbs was

observed with the naked eye, and 3%

hydrogen peroxide was applied to the heal-

ing surface to avoid producing foams. The

recorded healing time (days) began upon

treatment with the first debridement.

Assessment of pain

An internationally accepted numeric rating

pain scale was used to assess feeling pain in

each patient after debridement, with a 0 to

10 scale representing different levels of pain.

The intensity of pain was evaluated on the

1st, 7th, and 15th days, and the mean values

were obtained. The higher the scores were,

the higher the self-subjective pain was.

Bacterial cultures

Ulcer secretions were harvested for bacteri-

al culture on the 1st, 7th, and 15th days after

treatment. The positive rate of culture¼
(positive number of bacterial cultures/total

number of cases)� 100%.

Statistical methods

SPSS 17.0 statistical software (SPSS Inc.,
Chicago, IL, USA) was used for data anal-
ysis. Data are shown as number or mean
� standard deviation. Comparison of clini-
cal efficacy between the two groups, as well
as the positive rate of bacterial culture, were
analyzed using Pearson’s chi-squared test.
The mean ulcer area, rate of ulcer healing,
healing time, and pain intensity score were
analyzed using the t-test. A value of
p< 0.05 was statistically significant.

Results

Comparison of clinical efficacy between
the two groups

The patients’ characteristics are listed in
Table 1. No patients were excluded during
the study. Sex, age, disease duration, and
Wagner grading were not significant
between the two groups.

The cure rate in the experimental group
was significantly higher than that in the
control group (Figure 1, Table 2, p< 0.01).

Comparison of ulcer areas and ulcer
healing rates between the two groups

There was no significant difference in the
ulcer areas between the two groups at
0 months. After the 1st, 2nd, and 3rd

months of treatment, ulcer areas in the
experimental group were significantly
smaller than those in the control group
(all p< 0.05). Moreover, ulcer healing
rates in the experimental group were signif-
icantly higher than those in the control
group as early as after the 1st month of
treatment (all p< 0.001, Table 3).

Comparison of the ulcer healing time and
pain intensity between the two groups

The mean time for ulcer healing in the
experimental group was significantly
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shorter than that in the control group

(p< 0.001). The pain intensity score in the

experimental group was significantly lower

than that in the control group (p< 0.001,

Table 4).

Comparison of bacterial cultures between
the two groups

On the 1st day of treatment, there was no
significant difference in the positive rate of

Figure 1. Comparison of clinical efficacy between the control and experimental groups.

Table 1. Characteristics of the patients.

Characteristic Experimental group (n¼ 30) Control group (n¼ 30)

Male sex 16 17

Age (years) 66.13� 10.01 66.80� 10.63

Diabetes duration (years) 16.35� 8.28 17.02� 8.18

Diabetic mixed ulcers 15 15

Diabetic venous ulcer 9 9

Diabetic ischemic ulcer 6 6

Wagner grading

I 4 6

II 22 20

III 4 4

Values are number or mean� standard deviation.

Table 2. Comparison of clinical efficacy between the two groups.

Group Cases Cure Effective Improved Invalid Cure rate (%)

Experimental group 30 28 2 0 0 93.33� 6.32

Control group 30 18 8 4 0 60.00� 5.87

v2 9.3168

p 0.0023

Values are number or mean� standard deviation.
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bacterial culture (e.g., Staphylococcus

aureus, Pseudomonas aeruginosa,

Enterococcus species, and Escherichia coli)

between the two groups. However, on the

7th and 15th days of treatment, the positive

rates of bacterial culture in the experimental

group were significantly lower than those in

the control group (both p< 0.01, Table 5).

Discussion

Lower limb chronic ulcers are clinically

common and frequently occurring diseases.

These ulcers are characterized mainly by

local skin tissue damage, infection, and

even necrosis, and are often present in

areas of dense connective and poor blood

flow tissues, such as the foot, ankle, and

heel. If there is no correct treatment at the

early stage, ulcers can easily cause forma-

tion of a local scar, lead to relapse, and may

even appear cancerous or require amputa-

tion. The presence of diabetes severely

affects therapeutic effects and delays heal-

ing of an ulcer. Because the body’s blood

sugar rises in diabetes, the glycogen content

of the skin tissue also increases. This results

in mass growth and reproduction of micro-

organisms, thereby reducing leukocyte

phagocytosis. As a result, the patient’s

Table 4. Comparison of the healing time and pain intensity scores between the two groups.

Group Cases Healing time (days) Pain intensity score

Experimental group 30 38.20� 14.35 1.97� 1.05

Control group 30 57.31� 11.23 3.85� 0.89

t 5.7442 7.481

p < 0.001 < 0.001

Values are number or mean� standard deviation.

Table 3. Comparison of the ulcer area and healing rate between the two groups (n¼ 30).

Time
Ulcer area (cm2) Ulcer healing rate (%)

(months)

Control

group (%)

Experimental

group (%) t p

Control

group (%)

Experimental

group (%) t p

0 15.72� 3.11 15.90� 3.27 0.219 0.828 0 0

1 14.20� 2.46 12.53� 2.85 2.429 0.018 8.00� 1.00 23.00� 3.00 25.981 <0.001

2 12.64� 3.03 7.15� 1.16 9.268 <0.001 24.00� 3.00 55.00� 6.00 25.311 <0.001

3 8.36� 2.07 2.75� 1.08 13.161 <0.001 52.00� 10.00 98.00� 11.00 22.811 <0.001

Values are mean� standard deviation.

Table 5. Comparison of the positive bacterial culture rate between the two groups.

Group Cases, n Day 1, n (%) Day 7, n (%) Day 15, n (%)

Experimental group 30 15 (50.00) 2 (6.67) 0 (0.00)

Control group 30 14 (46.67) 11 (36.67) 6 (20.00)

v2 0.0667 7.9542 6.6667

p 0.7961 0.0048 0.0098
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immune system is greatly limited, making it
prone to infection.10

Ultrasound debridement is widely used in
some chronic and intractable ulcers.
Compared with traditional debridement
techniques, ultrasound debridement is not
only effective in controlling infections, but
also closely related to heat effects and bio-
logical effects in improving ulcer. The heat
effect can increase skin temperature on the
surface of the ulcer, improve blood supply,
and promote tissue repair.5 Diabetic wound
healing process can be accelerated by using
FGF.6 In the present study, we found that
the mean reduction in ulcer area, healing
rate, healing time, and mitigation of feeling
pain in the experimental group were signifi-
cantly better than those in the control group.
These findings indicate that application of
low-frequency ultrasonic debridement and
SH for treating patients with diabetes and
chronic lower extremity ulcers can signifi-
cantly improve clinical efficacy.

The better efficacy of SH may be attrib-
uted to the different roles of its various com-
ponents in ulcer healing. The main
components of SH are Radix rehmanniae,
Carthamus tinctorius, Coptis chinensis,
Rheum officinale, Radix lithospermi, Fructus
gardeniae, and licorice. Radix rehmanniae
contains vitamin A, a variety of sugars,
and amino acids that can promote tissue
repair effectively.11 Carthamus tinctorius,
which is used to treat patients with diabetes
complicated by peripheral atherosclerosis
obliterans, can rapidly remove oxygen-free
radicals and effectively improve local blood
supply.12,13 Coptis chinensis and Rheum offi-
cinale are traditional Chinese medications
with various pharmacological properties,
including anti-inflammatory, antibacterial,
and detoxification effects. These features
result in lowering of blood glucose levels
and improving type 2 diabetes mellitus.14

Radix lithospermi has antioxidative and
anti-inflammatory effects against diabetes.15

Fructus gardeniae exerts a hypoglycemic

peroxisome proliferator-activated receptor
c-activating effect and improves insulin resis-
tance.16 Licorice promotes the production of
muscle.17 All of these Chinese herbal medi-
cines are effective in intervention of blood
sugar and injury repair, although their
mechanisms need to be further studied.

In conclusion, application of ultrasonic
debridement combined with SH dressing in
diabetic patients with chronic lower limb
ulcers can significantly improve the clinical
efficacy and promote healing of ulcers.
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