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| | ABSTRACT |

|

A portable low intensity direct current (LIDC) stimulator was used to compare the effect of
LIDC on wound healing rates among inpatients. Thirty hospital inpatients with chronic open wound
participated in this study subject with indolent ulcers located either below the knee or in the sacral
area were randomly assigned to receive the LICD protocol while the control used conventional
wound therapy. The results suggested that 1.5 to 2.5 times faster healing in those received LICD
which was statistically significant. The wounds treated with LICD required less debridement and
the healed scars were more resilient. Moreover, patients reported less discomfort at the wound site
with no wound infection occurred. Low intensity direct current appears to be a convenient

reproducible and effective method for improved healing of chronic wounds.
Key Word: elecmc stimulation, physical therapy, and skin ulcer.

!
( INTRODUCTION |

|

ecently, an increasing interest in
alternative methods for promoting
wohnd healing has been indicated
sﬁecially for indolent wounds.
Chronic  wounds such as pressure ulcers
continue  a ; problem in rehabilitation. To
determine thé amount of healing in response to
treatment, sequentlal assessments of changes

in ulcer size are essential®.

The use of electrotherapy has provided
beneficial and reproducible healing even when
other methods have failed. Controlling and
dlfferentlauon of tissues is one of biology’s
most mtngumg challenges. Because the body
can be viewed as a bioelectric system,
electrocurrent has been applled for therapeutic
purpose for many years'>

Electrical current of low amplitude and

frequency modulation has become on
increasingly popular treatment modality. Some
studies have suggested that these forms of
stimulation are more effective for the
treatment of a wide variety of conditions

including  wound  healing more than
conventional modes of electrical
stimulation'''¢.

Low intensity direct current therapy
warrants consideration in the management of
indolent wounds an area of clinical use, which
needs predictability beneficial results. The
electrical  field creates stable secondary
magnetic fields around direct currents and
altematmg or reversing polarity around direct
currents®.

The electromagnetic field and the
changed polarity of the treating electrode have
been associated with tissue stress that
increases collagen deposition™'”.

Many other researchers have noted
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similar acceleration of healing rates, stronger
scar tissues and /or bactericidal effects without
harmful effects to the patients with ulcers'®.

breakage. Each electrode was destroyed after
the individual patients completed the study.

[ PROCEDURES |

SUBJECTS MATERIAL AND
METHODS

Subjects

Thirty hospital inpatients with chronic
open wounds due to venous insufficiency
participated in this study. Subjects with
indolent ulcers located either below the knee
or in the sacral area were randomly assigned to
receive LIDC protocol (15patients) while the
control used conventional wound therapy
(15patients). All wounds were divided before
admission to the study. Table (1) provides a
general description of the study population for
the two groups.

Table (1): General characteristics of LIDC and
control groups

Wound
*

Group Sex (M/F) Age duration®

LIDC 10/5 58.60+8.387 | 6.16+2.892
protocol

Control 9/6 62.59+8.489% | 4.1211.63
* Mean + 8.D.
Equipment

A small portable direct current

stimulator was used in this study. The unit
stimulated accurately at 100 mA. Increment
with a variance of + 10% and used a 9V
battery of as a power source. Audible and
visible alarms were built for safety and
continuity of the prescribed current level. It
also contained an internal two-hour timer,
which would terminate the output current and
sound an audible alarm. The unit possessed a
rugged extensor and a plastic clip for attaching
to the patient clothes. The electrode material
was modified using flexible carbon material,
which is much more resistant to corrosion and

A - LIDC treatment protocol

The scheduled treatment application of
LIDC involved two hours of stimulation, twice
daily with treatments given five days a week.
The two periods of LIDC stimulation were
separated by a two to four pauses ‘during which
the unit was in the “off” position. The unit
was connected in the moming and would
automatically turn off within two hours after
initially turning the unit on. It was restarted in
the afternoon a two to four hour|pause during
which the unit was in the off position. The
wounds were irrigated with saline solution and
packed with either saline damped gauze or
various absorption gels daily. The electrodes
were then placed over this conductive interface
so that it was not in actual contact with the
wound a waterproof tape was applied over the
dressing to maintain moisture and keep the
electrode in place. The electrode‘at the wound
site was termed the active elec‘trode and the
electrode located 15¢m to 25cm proximal to it
was termed the indifferent eclectrode. The
active electrode was of negativ&e polarity for
the first three days of LIDC application, while
the indifferent electrode was} of positive
polarity. After these three days, the active
electrode became positive while the indifferent
electrode was negative. The ciurrent output
levels were set between 300mA and 500mA.

\

B - LIDC Placebo Protocol \

The same protocol of the treatment
group was applied, but the electrodes were
disconnected from the cables of tfhe device.

Also, the patients in both} groups were

received conventional wound therapy.
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C - Wound Healing Assessment Phase

The | measurements of WSA were
conducted by tracing of wound perimeters
according based on the work of Kloth and
Feedar (1988). The mean of three trails was
calculated a;nd considered as WSA.

T RESULTS B
\

The resul:ts of this study are presented
under the following headings:
I. Results of the Low Intensity Direct Current
Group ( LIDC ).

As show in table (2) and illustrated in
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figure (1) the mean value of WSA before
application of treatment was 4.667+1.318 cm’.
On the other hand the values of WSA after the
application of treatment at the end of first,
second, third, fourth and fifth weeks were
3.759+1.223, 1.907+0.687, 1.057+0.327,
0.784+0.33 and0.497+0.331 cm” respectively.

As observed in table (2) there were
significant decreases in the WSA after first,
second, third, fourth, and fifth weeks post
initiation of LIDC treatment (P<0.0001).
Figﬁure (1) shows the mean values of WSA per
cm.

Table (2): T‘he statistical analysis of the differences of WSA in the treatment group pre and post treatment

(first, second, third, fourth, fifth weeks).
\

Evaluation Gime Mean 3D Paired t-test between initial area I?crccntage of
‘ and the week improvement
Initial area | 4.667 1.318 t- value P- value
Ist week | 3.759 1.223 12.622 0.0001 19.46%
2nd week 1.907 0.687 9.344 0.0001 59.14%
3rd week 1.057 0.327 11.549 0.0001 77.35%
4th week 0.784 0.33 12.492 0.0001 33.20%
5th week 0.497 0.331 12.768 0.0001 89.35%

Initia}l 1st Z2nd 3rd 4th 5th
area week week week week week

| Time of evaluation

th (1): ‘The mean values of WSA of the
freatment group pre and post treatment (first,
second, third, fourth, fifth weeks).

I1. Results of the Placebo Group.

As revealed from table (3) the mean
value of WSA pre application was
4.009 1.073 cm” while the mean values after
the application measured at the first, second,
third, fourth, and fifth weeks were
3.623+£1.033, 3.033+0.957, 2.526+0.736,
24241067, and 216440743  cm’
respectively. Figure (2) shows the mean values
of WSA measured by cm”.

Also there were significant reductions in
WSA after the first, second, third, fourth, and
fifth weeks (P<0.0004). Figure (2) shows the
mean values of WSA per cm’.
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Table (3): The statistical analysis of the differences of WSA in the control group pre and pdst freatment

(first, second, third, fourth, fifth weeks).
L SD Paired t-test between initial area Percentage of
Evaluation time Mean e and the week Improvement
[nitial area 4.009 1.073 t- value P- value |
I week 3.623 1.033 5781 0.0001 9.631%
2" week 2.899 0.957 4.606 0.0004 27 69%
3" week 2.526 0.736 7.945 0.0001 36.99%
4™ week 242 1.067 6.878 0.0001 39.73%
57 week 2.164 0.743 8.955 0.001 46.02%
Y  Moan the first, _segond, third, fourth, and ffifth weeks
‘ 447 ; post application of treatment.
| 35
3] 57 IE LIDC group I
2.54 o 4547 H
2 ’ B Control group ’

Initial 1st 2nd 3rd 4th 5th
' area week week week week week

‘ Time of evaluation

Fig. (2): The mean values of WSA of the control
group pre and post treatment (first, second, third,
fourth, fifth weeks).

. Comparison and analysis of the mean

values of WSA for the both groups.

I- There were no significant differences
between LIDC group and control group
before application of treatment and after
the first week post application of treatment
(P > 0.05).

2- On the other hand there were significant
differences between LIDC group and
control group at the end of the second,
third, fourth, and fifth weeks post
apphication of treatment (P < 0.05).

Figure (3) shows the mean values of WSA of
both groups pre application and at the end of

i

Initial st 2nd 3rd 4t‘}| Sth
area week week week we{ek week ‘

.

Fig. (3): the mean values of WSA of both groups
pre application and post treatment (first, second,
third, fourth, fifth weeks).

! DISCUSSION |

The findings of this | controlled
randomized study indicate that LIDC
accelerates wound-healing process in patients
who have indolent ulcers, which is| similar to
those reported in some scientific experimental
studies. Some studies®**!7 conceptialized the

. . .
existence of a direct current electrical system

controlling tissue healing. When the electrical
balance of the body is disturbed inlan injury,

the resulting shift in current flow ltriggers a
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biologic repair system. As healing continues,
the direct |current potential difference will
approach the normal electrical balance relative
to surrounding tissue. Based on these concepts,
externally ‘applied LIDC could stimulate
biologic homeostasis feedback mechanism and
hence the events which result in tissue repair
and replacement Although a variety of types
of electnca] current are used in wound healing,
the greatest attention has been given to direct
current stimulation because predictable electric
fields are| known to form around the
electrodes, | attracting specific types of ions
near the different poles.

The ‘findings of this study indicate
significant | difference in WSA between the
control group and the LIDC group after
applicationi of treatment, which can be
explained, . depends upon the following
scientific explananons and concepts.

The | anodal stimulation  (positive
polarity) enhances ion transport, fibroblast
migration, ‘and protein synthesis. Also the
anodal ﬂnmulauon decreases  vascular
congestion"".

Whereas cathodal stimulation (negative
polarity) increases migration of epidermal
cells, macrophages and leukocytes in addition
to decrease bacterial counts”®. While both
anodal and cathodal stimulation can increase
transcutanqous oxygen, which is an important
element for healing process' 1,

The collagen deposmon is well known to
influence on the process of wound healing, this
view is supported by the findings of Gentzkow
et al, wllo concluded that the significant
improvement after application of LIDC was
attributed lto the change of polarity and
potential difference. This interaction lead to
increase of collagen deposition that in turn
enhance wound closure'®.

Application of direct current leads to
increase bloocl flow, which increase oxygen
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delivery, which in turn should be correlated to
enhancement of wound healing''.

Depending on the previous scientific
explanations, in addition to our parallel
findings application of LIDC in addition to
wound care program may accelerate wound
healing and thus decrease the treatment time,
cost, and length of institutional stay of
patients.
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