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Abstract

This study has been conducted to evaluate the efficacy of the Gallium Aluminum Arsenide (Ga-As) laser in
accelerating pressure ulcers healing. Methods of evaluation (wound surface area and wound volume).
Methods:- Thirty patients (16 males and 14 females) with complete or incomplete spinal cord injury
patients and complain from pressure ulcers were randomly divided into two groups. Group (A) received
Ga-As laser plus the regular wound care, duration of treatment was 10 minutes daily for two months.
Group (B) (Control group) received only the regular wound care.

Results:- Result showed that the Ga-As laser was effective in decreasing ulcer surface area and ulcer
volume as well as improving healing of pressure ulcers.

Conclusion: - Ga-As laser was effective in accelerating pressure ulcer healing.

Keywords (Laser, Pressure ulcers, wound surface area and wound volume).

Introduction

Many factors can impair healing. Local factors include the presence of foreign bodies, tissue maceration,
ischemia and infection. Systemic factors as diverse as advanced age, malnutrition, diabetes and renal disease
may be important. In addition to local and systemic factors that impair healing, the wound becomes chronic
because of reduction in tissue growth factors or an imbalance between proteolytic enzymes and their
inhibitors. Chronic wounds are thus defined as wounds, which have “failed to proceed through an orderly
and timely process to produce anatomic and functional integrity, or proceeded through the repair process
without establishing a sustained anatomic and functional result,®**

Reduced levels of active growth factors in the wound environment may partly explain why certain wounds
fail to heal. Chronic ulcers are known to have reduced levels of platelet derived growth factor, basic

fibroblast growth factor, epidermal growth factor and transforming growth factor B compared with acute
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wounds. It has been suggested that growth factors may become trapped by extracellular matrix molecules or
may be degraded by proteases to an excessive degree, resulting in non-healing. Imbalance between
proteinases and their inhibitors —excessive proteinase activity in chronic wounds probably from over
expression of matrix metalloproteins, results in abnormal degradation of the extracellular matrix. Many new
treatment strategies are directed at modifying the imbalance —by the topical application of proteinase
inhibitors, by inducing the expression of endogenous inhibitors or by combining proteinase inhibitors with
growth factors, " 3%

Pressure ulcer constitutes one of the major problems confronting the Healthcare professionals who are called
upon to supervise the care of the severely disabled or debilitated patient. Every care provider is well aware of
the complications manifested by the occurrence of ulceration in the chair or bed-ridden patient. Pressure ulcer
prolongs patient morbidity and interferes with rehabilitation and medical maintenance. It may also frequently
be implicated as a major contributing factor leading to the patient demise. Ulceration of the skin, especially
over bony prominences, has undoubtedly plagued the disabled and debilitated patient since the beginning.
Before the advent of antibiotic therapy, secondary infection of the ulcerations led to an early death, whereas
today the patients usually survive for prolonged period**** >

Pressure ulcers are localized areas of cellular necrosis, which usually occur over bony prominences, which are
subjected for prolonged periods of time to pressure in excess of capillary pressure. Since normal cellular
metabolism is dependent on the reception of nutrients and the elimination of metabolism, any condition which
interferes with this exchange will affect the function of the cell. The circulating peripheral blood fulfills the
metabolic needs of the cells so that alteration of the circulation in cellular changes. Prolonged circulatory
interference ultimately leads to death of the cell. Pressure ulcers may be caused by inadequate blood supply
and resulting reperfusion injury when blood re-enters tissue. A simple example of a mild pressure sore may be
experienced by healthy individuals while sitting in the same position for extended periods of time: the dull
ache experienced is indicative of impeded blood flow to affected areas. Within hours, this shortage of blood
supply, called ischemia, may lead to tissue damage and cell death. The sore will initially start as a red, painful
area, which eventually turns purple. Left untreated, the skin may break open and become infected. Moist skin
is more sensitive to tissue ischemia and necrosis and is also more likely to get infected, *> "1

Shearing force is an important factor in the production of ischemic ulcers, shearing and stretching of blood
vessels tended to compound the ischemic changes produced by external pressure, thereby increasing the rate of
tissue breakdown. Working with swine, demonstrated significant skin breakdown when the tissue was
subjected to both pressure and friction, at a pressure significantly less than that when necrosis was caused by
pressure alone (45mmHg versus 290mmHg), 2%

The salutary effect of laser therapy in medical practice connects with the improvement of microcirculation
and the activation of cell proliferation. The concepts of free radical mechanism of low level laser irradiation

(LLLI) stimulating action to the endogenous porphyrins, which are chromophores of LLLI in the red
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spectral range and known as photo sensitizers, localized in blood cells membrane and absorb photons of the
LLLI. This process is the basis for initiation of photosensitized free radical reaction including lipid
peroxidation of blood leukocyte membranes with subsequent formation of lipid hydroperoxides.
Peroxidative modification of membrane lipids increases cell membrane ionic permeability for calcium ions,
1.2,6,21,22,23,24,25.

Normal wound healing requires both destructive and reparative processes in controlled balance. Proteases and
growth factors play an important role in regulating this balance, and if disrupted in favour of degradation then
delayed healing ensues, which is a trait of chronic wounds. It has been shown that low-level laser irradiation at
certain fluencies and wavelengths can enhance the release of growth factors and stimulate cell proliferation.
The effects of LLLT include wound epithelialization, reduction of oedema and inflammation, and re-
establishment of arterial, venous and lymph microcirculation. Increased rates of ATP, RNA and DNA
synthesis are also observed. Major changes seen in wounds treated with LLLT include increased granulation
tissue, early epithelialization, increased fibroblast proliferation, increased extracellular matrix synthesis and
enhanced neovascularisation, all of which lead to better tissue oxygenation and nutrition, and, in turn,
enhanced wound healing. It has been shown that low-level irradiation of fibroblasts stimulates the production
of basic fibroblast growth factor and stimulates the transformation of fibroblasts into myofibroblasts. LLLT
also affects immune cells, and acts directly and selectively on the immune system. Stimulation of the immune
system means that infected wounds can be cleared more readily. The use of low-level lasers in wound healing
has been shown to speed up the healing of leg ulcers and burn wounds; it has also been shown to improve skin-

healing capabilities 1012 1416.2027.30.

Material and Methods:

Subjects

Thirty volunteer patients (16 males and 14 females) with their ages were ranged from 30 to 50 years. They
were diagnosed as complete or incomplete spinal cord injury by a neurologist in El-Kasr EI-Aini, Cairo
University Hospitals. They had sacral pressure ulcers classified between grade 2 and grade 3 according to
the European Pressure Ulcer Advisory Panel. Subjects were randomly divided into two equal groups in
number: Group (1): (the study group) (Ga-As laser group). This received the Ga-As laser and the regular
wound care. Group (2): (the control group): This received only the regular wound care.

Instrumentation and tools:

In this study the measuring equipment were the ulcer surface area (USA) measurement in cm? and the ulcer
volume measurement (UVM) in CC, while the therapeutic equipment was the Ga-As laser. The laser device
used in this study is manufactured by: LTU-904n m (uniphy, phyaction 796 S/N 20381, MADE IN
HOLLAND). Also protective eye glasses wear during application of laser to avoid permanent eye damage

resulting from direct exposure to the beam, 1#%101%
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Procedures:
Evaluation:

1 Measurement of ulcer surface area (USA):

in cm’

The measurement of wound surface area conducted by tracing method by a sterilized transparency film
placed on the wound or ulcer area. The ulcer parameter was traced by using the fine tipped-transparency
marker. Each wound area traced three times to establish measurement reliability. After tracing, the
transparency film face, which faces the ulcer wound, was cleaned by a piece of cotton and alcohol. The
carbon paper placed over the metric graph paper 1mm? The traced transparency film was placed over a
carbon paper with a white paper in between and transcribes the tracing on metric graph paper. The number
of square millimeters on the metric graph paper within ulcer wound traced counted to determine the ulcer
wound area. This area was converted to cm?; the mean of the three trails calculated and considered as a
wound surface area (USA). The measurements of ulcer surface area will be conducted pre-treatment as a
d, ,13,17.

first record and after 30 days (one month) as a second final recor

2- Ulcer volume measurement (UVM): in CC.

The measurements of volume of the ulcer was conducted by isotonic solution by the following steps: The
sore prepared and the surrounding skin was cleaned and dried. A transparent adhesive film was applied
tightly over the sore and surrounding skin. The film was extended sufficiently beyond the same margin to
ensure good adhesion. The ulcer then was filled with sterile physiological saline by injection through the
film. Another needle was placed at the highest point of the ulcer to allow air to escape. The volume of
solution required to fill the ulcer was recorded to indicate the volume of the ulcer. The measurements of
ulcer surface area were conducted pre-treatment as a first record and after 30 days (one month) as a second
final record, %262

Steps of the Ga-As laser treatment procedures:

Position of the patient: Prone lying position is appropriate for sacral pressure ulcers, the wound cleaned at
first. Some abscesses were opened and pockets of pus drained, and necrotic tissue was removed with
scrubbing the wound with a soft tooth brush followed by hydrogen peroxide, saline rinse and betadine. Laser
device preparation: the plug of laser unit was inserted into the main current supply, the on/off switch
switched on; now therapist must wear the protective eye glasses. Then set the treatment parameters of laser.
Ga-As Laser application: Non-contact technique of laser application used with the laser probe perpendicular
2-mllimeters away from the ulcer surface, treating the ulcer according to the grid technique 90 seconds for
every centimeter square of the ulcer surface with 10 minutes as the total time of the session. It is advisable to
prolong the Ga-As Laser application for one or two weeks if wound closure occurred before the end of the

treatment month in order to strengthen the treated area. Frequency of application: daily for two months,
1,2,6,10,12,14.
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Data analysis:

ulcer surface area (USA) in cm?and ulcer volume measurement (UVM) in CC were measured pre-treatment
as a first record and after 2 months as a second final record in both groups. Collected data were fed into
computer for the statistical analysis; descriptive statistics as mean, standard deviation, minimum and
maximum were calculated for each group. The t-test was done to compare the mean difference of the two
groups before and after application and within each group. Alpha point of 0.05 was used as a level of

significance, 8%

Results:

As shown in table (1) and figure (1), the mean value of the USA before treatment was (16.45 + 6.22) cm? in
the study group, while after treatment was (7.22 + 2.33) cm?. These results revealed a highly significant
reduction in USA (P < 0.0001). While in the control group, the mean value of the USA before treatment was
(16.43 + 6.19) cm?, while after treatment was (16.40 + 6.16) cm?® These results revealed non-significant
difference in the USA (P > 0.05).

Table (1); Comparison of the mean values of ulcer surface area (USA) measurement in cm? before and

after treatment in both groups

Before treatment After treatment Mean Level of

fference -
Mean SD Mean SD T-value | P.value | significance

Study 16.45 6.22 7.22 2.33 9.23000 5.38 0.0001 | Highly

group significant
Control | 16.43 6.19 16.40 6.16 0.030000 | 0.01 0.989 Non-significant
group
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Fig (1): Mean values of the USA before and after treatment in both groups.

Also, as shown in table (2) and figure (2), the mean value of the ulcer volume measurement (UVM) in CC
before treatment was (21.99 = 6.44) CC in the study group, while after treatment was (8.56+ 2.32) CC.
These results revealed a highly significant reduction in UVM (P < 0.0001), while in the control group, the
mean value of the UVM before treatment was (21.93 + 6.41) CC, while after treatment was (21.90 * 6.38)
CC, these results revealed non-significant difference in the UVM (P < 0.05).

Table (2): Comparison of the mean values of UVM before and after treatment in both groups

Before treatment After treatment Mean Level of
fference N

Mean SD Mean SD T-value P.value | significance
Study 21.99 6.44 8.56 2.32 13.4300 7.60 0.0001 Highly
group significant
Control 21.93 6.41 21.90 6.38 0.030000 0.01 0.990 Non-

pnificant

group
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Fig (2): Mean values of the UVM before and after treatment in both groups.
Discussion

Successful wound healing requires more than closing the wound with sufficient tensile strength. Remodeling
requires the scar to change to fit the tissue. Remodeling of the scar maturation represent the final
aggregation, orientation and arrangement of the collagen fibers. Two processes arc involved under the
umbrella of the remodeling phase; Synthesis-lysis balance and the collagen fiber orientation. Synthesis-lysis
balance means the balance between the new collagen production process and the break down process of old
collagen. If collagen formation is higher than old collagen breakdown this will lead to hypertrophic scar and
Keloid formation. Collagen destruction or breakdown is occurred by the action of the collagenase enzyme.
Collagenase enzyme is capable of cleaving strong cross-links of the tropo-collagen molecule to become

soluble and excreted from the body as waste products® >

Elderly patients and individuals with spinal cord injuries, traumatic brain injury, and neuromuscular disorders
are high risk populations for pressure sore development, especially in the acute hospital seeing. Immobility,
malnutrition, fecal and urinary incontinence, and level of consciousness are important associated risk factors.
Chronic systemic illness and the presence of a fracture may also be predictive of ulcer development. All of
these factors are more prevalent among the elderly, compounding the risk age it confers. A number of changes
occur in normal skin aging which predisposes older individuals to the development of pressure sores.
Epidermall turnover decreases the dermal-epidermal junction flattens, and there are fewer dermal blood
vessels. In addition, there is an increase in dermal collagen, a decrease in elastic fibers, and a loss of cells that

synthesize vessels of basement membranes and an increase in skin permeability. Older individuals may also
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experience in the perception of pain. There are currently two major theories about the development of
pressure ulcers. The first and most accepted is the deep tissue injury theory which claims that the ulcers
begin at the deepest level, around the bone, and move outward until they reach the epidermis. The second,
less popular theory is the top-to-bottom model which says that skin first begins to deteriorate at the surface

and then proceeds inward "% *

Pressure sores can trigger other ailments, and cause patients considerable suffering and financial cost. Some
complications include autonomic dysreflexia, bladder distension, osteomyelitis, pyarthroses, sepsis,
amyloidosis, anemia, urethral fistula, gangrene and very rarely malignant transformation. Sores often recur
because patients do not follow recommended treatment or develop hematomas, infections, or dehiscence.
Paralytic patients are the most likely people to have pressure sores recur. In some cases, complications from
pressure sores can be life-threatening. The most common causes of fatality are from renal failure and

amyloidosis '* 3>

The use of light for therapeutic purposes dates back to the ancient Egyptians, Greeks and Romans. Current
research into the physiological benefits of light therapy has developed an area of great interest which is the
laser. Most research in the uses of laser was reported by European sources. Only during the past decade have
American research workers begun to add the results of their studies. The notion that light, in the visible and
near infrared ranges, can produce photo chemical and photo biological changes that ameliorate pain and
inflammation as well as promote tissue repair was first observed in the late 1960s. At this time the
prevailing notion was that lasers were uniquely photo destructive, promoting attempts to develop powerful
lasers that may yield military superiority. Thus, the mood was not right and neither were medical minds
ready to accept the idea that a tool that can cut, vaporize, and otherwise destroy tissue could be used for

beneficial purposes 2612 14

Laser is an acronym for Light Amplification by Stimulated Emission of Radiation; it is a form of phototherapy
which involves the application of monochromatic light over biological tissue to elicit a biomodulative effect
within that tissue. The biomedical laser, light amplified by stimulated emission of radiation, may be classified
as either high and low powered or hot and cold respectively, high power lasers are used to cut through tissue.

Low-level lasers, on the other hand, are used to stimulate tissue repair through a process of bio-stimulation, **
20,22,23.

The findings of the present study showed non-significant differences in the pre-treatment records of the
USA between the mean values of the study and the control groups. As well as in the pre —treatment records

of the UVM, between the mean values of both groups.
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Results of the study group revealed a highly significant decrease in the mean values of USA and UVM, after

application of the Ga-As Laser , when compared against the pre-application results.

Also results of the study group revealed a highly significant decrease in the mean values of USA and UVM,
after application of the Ga-As Laser, when compared with the control group results after application of the

regular ulcer care.

Significant differences showed in the study and control groups were consistent with those observed and
recorded by Amir et al., 2000; Antonio et al., 2007; Brosseau and Morin , 2008; Cervo and Cruz, 2000;
Damante et al., 2004; Demir et al., 2004; Franek et al., 2002; Lagan et al., 2002; Lagan et al., 2000, Lucas et
al., 2003; Luther, 2004; Pereira et al., 2002 and Simon, 2004.

Results of this study support the expectation that application of the Ga-As Laser had valuable effects in
enhancing healing of pressure ulcers in patients with complete or incomplete spinal cord injury, as
manifested by the highly decreases USA and UVM.

Conclusion

Ga-As Laser was effective in enhancing healing the pressure ulcers in patients with complete or incomplete
spinal cord injury as manifested by the highly decreases in ulcer surface area and ulcer volume.
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