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Effect of polarized light in the healing process of pressure ulcers

A trial was conducted to examine the effect of polarized light on pressurc ulcers of 1st, 2nd and 3rd grades. Patients with
two pressure ulcers, one of which received the polarized light therapy (experimental uleer) and the other acting as control,
werc included in the study. The experimental vlcers received treatments for 2 wecks consisting a 5 min therapy session
each day, excluding weckends, for 10 days. Experimental and control ulcers were assessed as they appeared on admission
and reassessed at the end of cach week. Fifty-five patients aged 37-85 years (67.1£11.9 years were studied. Pressure
ulcers of 1st, 2nd and 3rd grades receiving cxtra treatment with polarized light had increased values of epithelial tissue
between the first and second asscssments of 0-30.9% and between the second and third assessments of 30.9-21.7%.
Values of the control pressure ulcers were, respectively, from 0 to 5.5% and from 5.5% to 3.1%. The mean pink/white
colour values of the experimental ulcers, between the first and second measurements increased significantly compared
with the control ulcers (P=0.021) and also increased significantly between the second and third measurements (P=
0.003). The mean values of ‘no and minimal exudate’ of the experimental ulcers increased significantly between first and
second measurements compared with the control ulcers (P=0.001}, and similarly, significantly between the sccond and
third measurements (P=0.002). Mcan surface areas of the experimental ulcers decreased significantly between the first
and second measurements from 2.84 to 2,54 cm’ (P<0.001) and between the first and third measurements from 2.84
to 2.26 cm’ (P<0.001). Mean surface areas of the control ulcers decreased between the first and second measurements
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from 2.10 to 2.08 cm’ (P<0.42) and between the first and third measurements from 2.10 to 2.04 cm’ (£ <0.007). Pres-

sure ulcers subjected to extra treatment with polarized light in the carly stages (first to third measurements) showed

improvement in the healing process than the control ulcers.
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INTRODUCTION
In ancient times, the sun was venerated as a source of life
in various culturcs. In 1817, Hicronymus Hess of Bascl
used photocoagulation of a human eye in order to destroy
it. It was a historic time when Gerhard Meyer Schwick-
crath used the modern ophthalmic photocoagulation
therapy in 1949 ' [n 1903, Finsen was awarded one of the
carliest Nobel Prizes in Medicine for his ‘Finsen light
therapy’ for infectious discases, especially lupus \-’u]garis.,
In the 1930s and 1940s, the medical profession promoted
sunbathing as benceficial for children, and from  that
basis, the popularity of sun-tanning emerged. In 1970,
a melanoma epidemic began to be noticed and the role
of ultraviolet light in the pathogenesis of melanoma was
l‘nighlightcfl.'1 However, light therapy is a common form
of therapy for some discases such as hyperbilirubinaemia
of newborns and psnriasis.!'4 Psoriasis ‘clears’ in paticnts
und(‘rg()ing phototherapy or photochemotherapy. Another
popular type of therapy is low-power laser therap_\f.; It has
been suggested that low-power laser beams cause bio-
stimulation, a photochemical response to laser light induc-

ing biochemical alternations in cells.™®

Polarized light
The Hungarian scientist Mester is one of the pioneers with
large experimental and clinical experience in the use of
biostimulating effect of laser beams.™” A hypothetical
model based on experimental facts to explain this effect
was proposed. The substance of that model showed that
polarized light reorders the polar heads of the lipid bilayer
(being near transition phase) in the cell membrane. The
change of the polar heads of the lipid bilayer in the cell
membrane has influenced all processes closely connected
with it. Another interesting finding pointed out that
while the incoherent irradiation of a thermal light source
(630nm) was ineffective, the result of irradiation by
polarized light showed about equal effectiveness (80%) of
helium neon (HeNe) polarized laser light.x‘q This phe-
nomenon indicates that biostimulation might also be pro-
duced by a polarized thermal light source, Mester and

Fenvo similarly suggcstcd that a source of incoherent light

emitting  polarized ravs would induce biostimulative
effects in living cells similar to low-level lasers.” * This
means that lamps emitting polarized light and low laser
light, when used as wound treatment, both cause the
phenomenon of biostimulation,

Other clinical studies have also shown saturation char-
acter and proved to be nearly independent of wavelength
(649 458 nm). Several experiments in wound mice with
polarized light showed a stimulating and healing effect.”
Kubasova'” used human cmbryo fibroblast cell cultures to
examine the effect of HeNc laser polarized light on the cell
membrane. This study showed that 4 ]/cm’ was effective
for irradiation and the duration of exposure was 7 min.

Mester’s former student, Ribari, first used HeNe laser
tor the epithelization of perforated tympanic membrane
and treatment of postoperative fistulas of the neck and
the mastoid, and he was successful in obtaining a biosti-
mulating effect. The biostimulating cffect of low-level
laser treatment conveys anti-inflammatory, ana]gesic, anti-
oedematous effects on tissues and could be the basis for
wound healing.;

sommer and I'rancle supported that lower-energy den-
sities evoke a significant biostimulation in human tissue, !
They introduced a new laser beam distribution system for
medical application, that is, low-energy densities applied
with high-energy lasers in combination with laser beam
diverging lenses, They found that this system is effective
for biostimulating human tissue and also has a moderate
price. The lamp emitting polarized light used in the
present stud};‘ was also chosen because we assumed that it
has a similar biostimulating effect with low laser polarized
light, it is easy to use and has a moderate price.

Sa far, rescarchers have used polarized light of several
types of low-laser as a therapy of several wounds, but no
data have been reported with a light source cmitting
polarized rays on pressure ulcers. Electronic databases,
including Mediine and Cinahl, were searched up to 1999
for this subject without success.

The problematic healing of pressure  uleers and
Mester’s and col. positive view of biostimulation was a

motivation for the present study in which the following
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question was addressed. What is the clinical etfect of

polarized light (emitted from a lamp) on non-necrotic

o 10
pressure ulcers?”

METHODS
Subjects

The sample consisted of 55 patients who were admitted
in four hospitals of the Athens major arca over the last 2
years. The following markers were used for assessing the
effect of polarized light: (i) the presentation and increase
of epithelial tissue on pressurc ulcers surface; (ii) the
increase of bright red/pink colour; and (iii) the presence
and increase of ulcers with no cxudate and the decrease
of pressure ulcers surface area.” ™ Inclusion criteria
included the following: (i) pressure uleers of 1st, 2nd
and 3rd grades; (i) pressure ulcers on the buttocks,
trochanters, sacrum, shoulders and legs; (iii) cach patient
had to have two pressure ulcers, one of which received
the pelarized therapy {experimental) and the other acting
as control; and (iv) the larger ulcer of cach paticnt was
chasen as the cxperimental ulcer. Exclusion criteria
included the following: (i) presence of skin necrosis on the
ulcers; (ii) previous or planned surgical excision of the
pressure ulcer; and (iii) patients in palliative care {in very
poor clinical status). Data were collected on a specially
designed assessment chart.

The hospitals’ ethics committees approved the study,
and all patients sclected gave their written consent,
The study also invelved close collaboration between
researchers, docters and nursing staft in the management
of each patient.

Fitty-five experimental pressure uleers received treat-
ments for 1 week. Of these, 23 were excluded after the
end of the week because the ulcers had healed. The
remaining 32 paticnts received p()larizcd light treatment
for a second week, The treatment consisted of a 5 min

therapy session each day on weekdays,

Materials
Energics delivered were typically 4—]/(‘m} per min,
degree of polarization of >95% using a 20 W Bioptron
electrical 1amp.9 At the end of cach weck, experimental
and control ulcers were reassessed and a detailed report

was completed, 1

Methods
The trial compared the use of polarizcd light thcrapy to

the typical therapy of cach hospital. Hospital therapies are

very similar. Details requested included age, sex, date of
assessment and reassessment, and all personal character-
istics related 1o pressure ulcer formation were recorded.

All patients were treated in accordance within h()spital
guidelines, which include turning the subjects every 23
hours, provision of electric pressure relieving overlay and
a 307 lateral side-lying position given to avoid friction and
shearing forces. Concerning the uleers, these were of Lst,
2nd and 3rd grades without necrotic tissue; thus, the con-
centration was on two essential components of cleaning
and dressing, Typically, the cleaning solution of choice was
(,9% sodium chloride and the dressing was chosen to
match ulcer stage.

A simple and unambiguous pressure ulcer grading
system was introduced in order to increase rater reli-
ability and reduce dependence en pictures of pressure
uleers." Particular consideration was given to ulcer tissue
destruction, colour changes, quantity of cxudate pro-
duced and the reduction of ulcer surface area. These
markers were used as the best way of measuring improve-
ment or deterioration.

All ulcers were assessed using the Torrance scale to
describe the ulcers’ tissue destruction, where 1st grade:
persistent erythema of the skin; 2nd grade =blister for-
mation or superficial subcutancous ulcer; 3rd grade=
deep subcutaneous ulcer-ulceration progress through the
dermis, 't

Colour was assessed as follows: ‘pink/white” was in-
dicative of epithelialization, ‘beefy’ red or bright red was
indicative of granulation, and ‘crecamy’ yellow or vellow
‘white’ was indicative of slough.m

The quantity of exudate produced showed improve-
ment or deterioration in the condition of uleers.'” Too
much exudate indicated deterioration while a minimal
amount was indicative of wound healing. Exudate level
was determined using a four-point scale of none, minimal,
moderate and severe/high, ot

Wound surface area was measured by tracing the
border of the ulcer on plastic film, The arca from these
tracings was measured with a polar planimeter (model
number 317 E; HAFF planimeters, West Germany). The
precision of this instrument is within 1 mm, and the
observers's good evesight and a steady hand plays a ded-

. PN B . .
sive role.”"™ In order to minimize errors, measurements
have been made by the same researcher.
The statistical analysis was completed using the statis-
tical package sess and the statistical metheds 7, binomial

exact test for matched pair and anova for any differences
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Table 1 Patient characteristics

Characteristic Status n %
Activity Ambulatory 0 0
Can walk with help 3 5.4
Uscs wheelchair 7 12.4
Bed bound 45 81.8
Mability Full 0 0
Limited 14 18.1
Very limited 45 81.8
Urine incontinence Never 0 0
Occasional 13 236
Frequent 6 10.9
Catheter 36 646
Fecal incontinence Never 30 54,5
Qccasional 21 38.1
Frequent 4 7.2
Discasc Hip fracture - left or right 16 29
Stroke syndrome il 20
Frail elderly 15 27.2
Other 13 23.6

within experimental ulcers as well as between experi-

mental and control ulcers.

RESULTS
Fifty-five paticnts aged 37-85 ycérs (67.1£11.9 years)
were studied. The subjects” characteristics related to pres-
sure ulcer formation and baseline assessments are pre-
sented in Table 1.

Of the 55 subjects, 23 of the subjects” ulcers responded
satisfactorily to the applied treatment with polarized light
having been healed at the end of the first week, These data
arc discussed hereafter.

The sample of 55 pressurc ulcers of 1st, 2nd and 3rd
grades that received polarized light had increased values
of the following markers between the first and second
assessments (days 1 and 7): (i) epithelial tissue increased
from 0 to 30.9%,; (ii) bright red/pink colour from 1.8 to
24.1%; and (iii} ulcers with no exudate from 1.8% to
29.1%. Between the second and third assessments (days 7
and 15; n=32), epithclial tissue increased from 30.9% to
21.7%, bright red/pink colour increased from 24.1 to
34.3%, and ulcers with no exudate increased from 29.1

to 37.5%. Results from all assessments are presented in

Table 2 Tissue type changes of pressure ulcers through three

assessments
Cases n (%)
Experimental uleers
Tissue type Ist day 7th davy 15th day
Epithelial tissue 0 17 (30.9) T(21.7)
Epidermis and dermis 16 (24.6) 10 (18.20) 10 (31.0)
Epidermis and dermis 39 (71.40) 28 (50.9) 15 (47.3)
and subcutancous
fat
Total 55 (100) 55 (100) 37 (100)
Control ulcers
Epithelial tissue 0] 3 (5.5 1{(3.1)
Epidermis and dermis 17 (30.9) 13 (24.1) 10 ¢(31.3)
Epidermis and dermis 38 (69.1) 39 (70.4) 21 (65.6)
and subcutancous
fat
Total 55 (100%) 55 (100 32 (100)

Tables 2—4. Values of the control pressure ulcers were as
follows. Between the first and second assessments, cpithe-
hal tissue increased from O to 5.5%, bright red/pink
colour increased from 3.6 to 9%, and ulcers with no
exudate increased from 6.8 to 7.3%. Between the sccond
and third assessments, epithelial tissue decreased from 5.5
to 3.1%, bright red/pink colour decreased from 9% to
6.2%, and ne exudate increased from 7.3 to 9.3%.

In order to estimate the P-value of the colour, the bino-
mial exact test for matched pairs was used to analyse the
data, The pink colour was chosen as a wound-healing indi-
cator. The mean pink/white colour values of the experi-
mental ulcers between first and second measurements
increased significantly compared with the control ulcers
(P=0.021). The mean pink/white colour values of the
experimental ulcers between the second and third mea-
surements also increased significantly compared with the
control ulcers (#=0.003).

In order to increase the number of observations and
obtain a reliable P-value, we joined the ‘no exudate cases’
with the ‘minimal exudate cases’, assuming that both indi-
cated wound improvement (healing}. The mean values of
‘no and minimal exudate’ of the experimental ulcers
increased significantly between the first and second mea-
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surements compared with the control ulcers (P=0.001).
The mean values of ‘no and minimal exudate’ of the ex-
perimental ulcers also increased significantly between the
second and third measurements compared with the
control ulcers (P=0.002).

The surface area mean values were normally distrib-
uted at the first mecasurements (on admission), but these
values changed not uniformly during therapy; thus, the
distribution was negatively skewed on the second and
third assessments. Logarithmic transformation was done
in order to obtain a curve close to normal. Once the dis-
tribution had been normal, the paired ¢-test was used to
analyse the data for surface area. Mean surface values of
the experimental ulcers decreased significantly between
the first and second measurements from 2.84 to 2.54 cm’
{P<0.001) and between the first and third measurements
from 2.84 to 2.26 cm® (P<0.001). Mean surface values
of the control ulcers decreased between the first and
second measurements from 2.10 to 2.08 cm’ (P<0.42)
and between the first and third measurements from 2.10
to 2.04 cm’ (P<0.007). The data indicate that both ulcers

Table 3 Pressure uleers colour changes

Pink, white and

bright red cases

1st day 7th day 15th day

n=55 n=55 n=132
Expcrimental ulcers 1 (1.8%) 13 (24.1%) 11 {34.3%)
Control ulcers 2 (3.6%) 5 (9%) 2 (6.2%)

Table 4 Quantity of exudate produced over time on ulcer surface area

(experimental and control) had surface area reductions
but there was a significant difference between the reduc-

tions in favour of the experimental ulcers (larger; Table 5).

DISCUSSION

The problems identified within Table 1, uses of wheel-
chair, bedbound patients and other disorders, are con-
tributing factors in the formation of pressure ulcers and
delayed wound healing. However, despite the presence
of these factors, granulation tissue in the cavity and epithe-
lialization around the edges provide cvidence that the
wounds were normally progressing through the stages
of healing, Further, 23 ulvers in very early stages were
covered with epithelial tissue and were judged healed at
the end of 5 days. In addition, as the study was designed
to establish relevant parameters of wound healing (taking
patients with two pressure ulcers each), the successful
epithelial cover surpassed the effect of other confounders
such as incontinence, mobility, medication, disease and
other factors,

A number of studies have assessed the healing process
of wounds treated by low-level laser light, but controver-
sies appeared between them as some were unable to show

a beneficial effect.'™

Controversies might be accounted
for trom the ditferent criteria, from the variety of appear-
ance of the ulcers and from the various predisposing
factors in cases like frail patients etc. However, some
studies indicated that light therapy could be of great
benefit in the treatment of chronic wounds even if the
design of these studies was entirely different from the
present study.g "

The mean pink/white colour values of the experimen-

tal ulcers between measurements increased significantly

Experimental vlcers

Control ulcers

Quantity of exudate 1st day 7th day
n=55 n=55
Number of exudate cases (%) 1(1.8) 16 (29.1)
Minimal cases {%0) 1102200 19 (34.5)
Maoderate cases (%) 22 (40 10 (18.2)
Severc cases (%) 21 (38.1) 10 {18.2)
Total (100%) (100%)

15th day Ist day 7th day 15th day

n=732 n=55 n=55 n=32

12 (37.5) 1(6.8) 4(7.3) 3(9.3)
9 (28.1) 11 (20 9(16.3) 8 (25)
9 (28.1) 22 (40) 18 (32.7) 5(15.7)
2(6.3) 21 (38.1) 24 (43.7) 16 (50)

(100%) (100%) (100%) (100%)
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Table 5 Mecan and SF of the reduction in pressure uleer surface arca (¢m’) between measurements in logarithmic scale

Expcrimvnlal ulcers

Control ulcers

n Measurements Mean surface arca (cm’)
55 Ist eay 2.834
55 7th day 2.54
32 15th day 2.26

SE (%) Mean surface arca (cm’) SE (1)

+0.122 2,10 +0,117
10.127 2.08 T0.121
0,198 2.04 +0.173

compared with the control ulcers (P=0.021 and P=
0.003, respectively). This phenomenon is pointed out
from many rescarchers as a strong marker of healing
progress because it is an indicator of epithclialization.” "

An important resuit for rescarchers studying wound
healing was that of minimizing exudate. In the present
study, mcan valucs of ‘no and minimal cxudate’ of the
experimental ulcers increased significantly between mea-
surements compared with the control ulcers (P=0.001
and P=0.002, respectively). This was also accepted by
Banks®' and Holman.**

The last and most clinically obvious puint suggesting
improved healing in wounds is the surface area reduction,
which also indicated a significant decrease between mea-
surements in the experimental ulcers compared with the
control ulcers (Table 5.1+

Light therapy is very beneficial, particularly for super-
ficial wounds. Ferrell’s indings are very similar to the find-
ings of the present stud}'.18 They concluded that more
superficial ulcers rather than deep ulcers were healed in a
given period. Ferrell described a randomized trial of low-
air-loss beds for treatment of pressure ulcers compared
with a basic foam mattress, concluding that there was a
threefold increase in the speed of wound healing com-
pared with use of foam mattresses. ” There are many
devices available including low-level laser therapy devices,
gel-foam mattresses, full-gel mattresses and special beds
such as low-air-loss beds. ‘Diapulse’ is another device with
pulsed high frequency, high-peak power electromagnetic
energy used to heal pressure ulcers. According to Itoh’s
study, when Diapulse was added to conventional treat-
ment, all 2nd grade ulcers were healed within 1-6
weeks.”' Haalboom, in his study, supported that the
grading of devices for qualit}' marks for antipressure
ulcers effect is difficult.? Further, the Agency for Health
Carc Policy and Research concluded that although there
is evidence that pressure-reducing devices can decrease

the incidence of pressure uleers, there is no evidence to

suggest that one type of device is more effective than any
other.” Of course, there are many factors to be taken into
account if a researcher wants to compare devices. The cost
of the device, the cost analysis of treating pressure uleers,
the great heterogencity of subject and quality of nursing
care have a vital role to play.

Another result of the present study that should be
stressed is that the overall agreement between the various
indicators of the cxperimental ulcers increased or
decreased together depending on the cause of healing. This
confirmed the improvement of the healing progress in the
experimental uleers.

It must be said that in the present study, only pressure
ulcers with the criteria of responsiveness at onsct were
included. The largest ditference of the surface reduction
appeared in ulcers of 1st and 2nd grades in which their
entire surface area was covered with pink/white tissue,
whereas the control group had no similar change.

Overall, this was a satistactory experience because by
improving healing, the deterioration of the ulcers was
avoided, infections were controlled, comfort restored and
the patients’ quatity of lifc improved. Considering the cco-
nomics of usc of the lamp emitting polarized 1ight, it is
not an cxpensive device compared with other types of

similar device.

CONCLUSION

This trial demonstrated the effectiveness of polarized light
therapy in healing 1st, 2nd and 3rd grade pressure ulcers.
When polarized light treatment was added to conven-
tional ulcer therapy, rapid changes in appearance and size
with complete healing in half of the cases and accelerated
partial hcaling in the remaining cases appeared within
1—2 wecks.

Limitations
This study focused on the healing process of carly stages

of pressure ulcers, Additional research would provide
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