
E
P
A
A

E
p
r
2

t
s

i

w
n
s
m
5

m
w
t
g

t
t
P

b
t
(
2
w
3
t
(

u
h
i

b

I

l

s
o

i
B
f

1657
fficacy of Multiwavelength Light Therapy in the Treatment of
ressure Ulcers in Subjects With Disorders of the Spinal Cord:
Randomized Double-Blind Controlled Trial
run B. Taly, DM, Krishan P. Sivaraman Nair, DM, Thyloth Murali, MD, Archana John, BPT

c
R

O
8
t
t
i
s
u
o

p
m
d
e
d
g
u
a
h
M
T
c
s
T
m
s
w

c
I
B
e
fi

h
d
P
s
t
4
c
S
c
o
t
s
a

ABSTRACT. Taly AB, Sivaraman Nair KP, Murali T, John A.
fficacy of multiwavelength light therapy in the treatment of
ressure ulcers in subjects with disorders of the spinal cord: a
andomized double-blind controlled trial. Arch Phys Med Rehabil
004;85:1657-61.

Objective: To study the efficacy of multiwavelength light
herapy in the treatment of pressure ulcers in subjects with
pinal cord disorders.

Design: Randomized controlled trial.
Setting: Neurologic rehabilitation ward of a referral center

n India.
Participants: Thirty-five subjects with spinal cord injury,

ith 64 pressure ulcers (stage 2, n�55; stage 3, n�8; stage 4,
�1), were randomized into treatment and control groups. One
ubject refused consent. Mean duration of ulcers in the treat-
ent group was 34.2�45.5 days and in the control group,

7.1�43.5 days.
Interventions: Treatment group received 14 sessions of
ultiwavelength light therapy, with 46 probes of different
avelengths from a gallium-aluminum-arsenide laser source, 3

imes a week. Energy used was 4.5J/cm2. Ulcers in the control
roup received sham treatment.
Main Outcome Measures: Healing of the ulcer, defined as

he complete closure of the wound with healthy scar tissue,
ime taken for the ulcer to heal, and stage of the ulcer and
ressure Sore Status Tool score 14 days after last treatment.
Results: There was no significant difference in healing

etween the treatment and control groups. Eighteen ulcers in
reatment group and 14 in control group healed completely
P�.802). Mean time taken by the ulcers to heal was
.45�2.06 weeks in the treatment group and 1.78�2.13
eeks in the control group (P�.330). Time taken for stage
and 4 ulcers to reach stage 2 was 2.25�0.5 weeks in

reatment group and 4.33�1.53 weeks in control group
P�.047).

Conclusions: Multiwavelength light therapy from a galli-
m-aluminum-arsenide laser source did not influence overall
ealing pressure ulcers. Limited evidence suggested that it
mproved healing of stage 3 and 4 pressure ulcers.

Key Words: Laser therapy; Lasers; Pressure ulcers; Reha-
ilitation; Spinal cord injuries
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VERALL, 85% OF SUBJECTS with spinal cord disorders
develop a pressure ulcer during their lifetime, and around

% die from them.1 Pressure ulcers result in loss of therapy
ime, increase the duration of hospital stay, escalate the cost of
reatment, aggravate spasticity, delay neuronal recovery, and
mpair quality of life. Various pharmacologic, physical, and
urgical methods have been tried in the treatment of pressure
lcers. However, with currently available techniques, healing
f a pressure ulcer takes several weeks to several months.
Since the 1960s, lasers have been used for surgery, relief of

ain, treatment of soft-tissue injuries, and control of inflam-
ation. Lasers promote fibroblast proliferation, collagen pro-

uction, and epithelialization.2 At the cellular level, lasers
nhance succinic dehydrogenase activity and alter prostaglan-
in levels. These changes favor wound healing.3 Lasers such as
allium aluminum arsenide and helium neon are commonly
sed for wound healing. A few studies2-5 in both experimental
nimals and human subjects report that lasers assist in wound
ealing. After searching 19 electronic databases, including
EDLINE, CINAHL, EMBASE, and the Cochrane Controlled

rials Register (CENTRAL), Flemming and Cullum6 con-
luded that currently evidence was insufficient to draw conclu-
ions about the contribution of laser therapy to wound healing.
he aim of our study was to assess the efficacy and safety of
ultiwavelength light therapy from a gallium-aluminum-ar-

enide laser source as a treatment for pressure ulcers in subjects
ith spinal cord disorders.

METHODS
Our double-blind, randomized controlled trial (RCT) was

onducted at a neurologic rehabilitation ward, the National
nstitute of Mental Health and Neurosciences (NIMHANS), in
angalore, India. The study was approved by the institutional
thics committee of NIMHANS. None of the authors have any
nancial interest with manufacturers of laser equipment.
Patients with spinal cord disorders and admitted to the re-

abilitation ward with pressure ulcers or who developed ulcers
uring their stay in the ward were eligible for the study.
ressure ulcers were divided into the conventional 4 stages:
tage 1, nonblanching erythema of intact skin; stage 2, partial-
hickness skin loss; stage 3, full-thickness skin loss; and stage
, extension into muscle and bone.7 Pressure ulcers of the
onventional stages 2, 3, and 4 were included in the study.
ubjects with photosensitivity, ulcers from other causes, ne-
rotic tissue in ulcers that would interfere with the application
f laser, flask-shaped ulcers that cannot be adequately exposed
o laser, pressure ulcers with underlying osteomyelitis, or pres-
ure ulcers requiring surgical intervention at the time of first
ssessment were excluded.
Arch Phys Med Rehabil Vol 85, October 2004
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A

Informed consent was obtained from all the subjects. Socio-
emographic and clinical information was obtained in a pre-
esigned format. A clinical examination was done according to
he guidelines of the International Standards for Neurological
xamination and Functional Classification of Spinal Cord In-

ury.8

The wound was assessed by using the Pressure Sore Status
ool9 (PSST), which scores pressure ulcers from 0 to 60; lower
cores indicate a better status. This tool includes the following
arameters: size, depth, edges, undermining, necrotic tissue
ype, necrotic tissue amount (1, not visible; 2, covering �25%
f total wound bed; 3, covering 25%–50% of total wound bed;
, covering �50% to �75% of total wound bed; 5, covering
75% of total wound bed), exudate type, exudate amount, skin

olor surrounding wound, peripheral tissue edema, peripheral
issue indurations, granulation tissue, and epithelialization. The
SST has a content validity of .91. Its interrater reliability
aries from .91 to .92 and its intrarater reliability from .96 to
99.10 This tool is widely used in different populations with
ressure ulcers.11 Photographs of all ulcers were taken at the
eginning of treatment, end of treatment, and 14 days after last
reatment session. Ulcer stage and PSST scores were also
epeated on these days. All evaluations were done by an
nvestigator who was blind to the type of intervention.

Laboratory investigations, including hemogram, serum total
rotein, albumin, and culture and sensitivity from the pressure
lcers, were done at study entry and were repeated thereafter at
eekly intervals.

nterventions
Each ulcer was given a unique identification number and

hen was randomized into 1 of 2 groups—the treatment group
r the control group—by using a random number table. Dif-
erent ulcers in the same patient could be randomized into
ither group. Pressure ulcers in both groups received daily
ressing with sterile gauze soaked in normal saline and pres-
ure relief with either a water mattress or a split mattress. The
ressings were given by the neurologic rehabilitation ward
ursing staff, who were blind to the treatment status. Ulcers
ere débrided if thought necessary by the nurse during dress-

ng. Eschars, if any, were removed. Education regarding care of
he ulcer was given to all patients.

The laser devicea was calibrated before each treatment ses-
ion. During treatment, the eyes of all subjects and of the
herapist were covered with protective goggles. These precau-
ions were carried out for both treatment and control groups.
he treatment group received multiwavelength light therapy in
ddition to the above, whereas for the control group, the
ultiwavelength light therapy source was held over the ulcer

fter switching off the beam. Fourteen treatments were given,
every alternate day, 3 times a week, until the ulcer healed or

he ulcer received 14 exposures. Each ulcer was divided into

Table 1: Characteristics of Multiwavelength Light Source

Power
(mW)

Wavelength
(nm) Frequency (Hz) No. of Sources

15 660* 20 10
15 950* 20 10
25 870* 20 10
25 880* 20 10
25 940* 20 5
15 820† 20 1

Supraluminous light-emitting diode.
Laser.
rch Phys Med Rehabil Vol 85, October 2004
0cm2 squares. During every session, each square was exposed
or 60 seconds. The details of the multiwavelength light ther-
py source are given in table 1. The central 820nm laser source
as surrounded by 45 supraluminous diodes of different wave-

engths. Energy applied to the ulcer was calculated by using the
ormula: energy delivered � (power/spot size) � time. Energy
iven was 4.5J/cm2. Ulcers were examined after each treatment
or complications like burns, excessive granulation or cicatri-
ation, infection, necrosis, dermatitis, or erythema of surround-
ng tissues. All adverse events during the study period were
ecorded and analyzed.

The end points of the study were healing of the ulcer, time
aken for the ulcer to heal, and, for ulcers that did not heal, the
SST score and ulcer stage 2 weeks after completion of the

reatment protocol. Ulcer healing was defined as the complete
losure of the wound with healthy scar tissue. Eschar was
emoved before application of intervention. Ulcers with eschar
t the end of the study period were considered not healed.

Analysis of data was done by using SPSS, version 11.0,b for
indows.
The number of ulcers that healed in each group was com-

ared by using the chi-square test. When the cell size was less
han 5, the Fisher exact coefficient was used. The significance
evel was set at P less than .05. Time taken by the ulcers to heal
as compared using an independent sample t test, with the

ignificance level set at P less than .05. The PSST score and the
ressure ulcer stage are ordinal scales. Hence, the differences
n the PSST scores and the pressure ulcer stage between the 2
roups were analyzed with the Mann-Whitney U test, with the
ignificance level at P less than .05. Intention-to-treat analysis
as used, and in patients who did not complete the study after

ntry, the last available observations or measurements were
onsidered for analysis.

RESULTS
Of 129 persons with spinal cord disorders admitted to the

ehabilitation ward during the study period, 40 had pressure
lcers at the time of transfer to the rehabilitation ward. Thirty-
ve subjects (27 men, 8 women) satisfied all entry criteria for

he study. Age ranged from 8 to 65 years (mean, 31.71�1.23y).
he etiology of spinal cord lesions is given in table 2. Sixty-

our ulcers in 35 subjects were randomized into the 2 groups:
5 in the treatment group and 29 in the control group. The
umber and location of these ulcers were: 21 (32.8%) on the
acrum, 18 (28.1%) on the greater trochanter, 9 (14.1%) on the
luteal region, 2 (3.1%) on the lateral malleolus, 2 (3.1%) on
he elbow, 1 (1.6%) on the ischial tuberosity, 1 (1.6%) on the
eel, and 10 (15.6%) on other sites. The number of ulcers by
tage at the beginning of the study were: 55 at stage 2, 8 at
tage 3, and at stage 4. Most ulcers evolved after hospitaliza-
ion: 33 ulcers (51.6%) developed in an acute care facility, 13

Table 2: Etiology of Spinal Cord Disorders

Acute transverse myelitis 14
Trauma 6
Tuberculosis 4
Lumbar meningomyelocele 3
Epidural abscess 2
Cervical spondylosis 2
Intervertebral disk prolapse 1
Spinal cord infarction 1
Neurofibroma 1
Vitamin B12 deficiency 1



(
T
(
5

a
d
t
9
c
i
o
d
s
B
(
u
a
e
s

w
d
m
d
1
s
t
p
e

r
n
c
t
a
g
s
m
w
w

w
c
c

g
p
L
d
t

6
a
c
i
fi
j
c
s
l
e
c
s

A
*
†

‡
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20.3%) in a rehabilitation ward, and 18 (28.1%) at home.
hese ulcers could be attributed to prolonged lying in bed, 49

76.6%); improper transfers, 10 (15.6%); and prolonged sitting,
(6.3%).
Thirty-five ulcers received multiwavelength light therapy

nd 29 received the sham treatment. There were no significant
ifferences between the 2 groups (table 3). The number of
reatments given varied from 1 to 14 sessions (mean,
.89�4.87; median, 12.50). Therapy sessions could not be
ompleted for 10 ulcers (treatment group, 8; control group, 2)
n 5 subjects because 2 subjects (7 ulcers) died, 1 subject opted
ut of the study, and 2 subjects developed ulcer infection. Both
eaths occurred in the treatment group and were attributed to
epticemia in 1 subject and pulmonary embolism in the other.
y the end of the study period, 32 ulcers had healed completely

treatment, 18; control, 14). The PSST score was lower in 23
lcers (treatment, 11; control, 12), and 9 ulcers did not show
ny improvement. One patient in the control group developed
xcessive granulation tissue. None of the patients had burns or
carring. Figure 1 shows the flow chart for the study.

Of the 32 ulcers that healed completely, 18 received multi-
avelength light therapy and 14 the sham treatment. This
ifference was not significant (�2 test�.063, P�.802). The
ean time taken for the ulcers to heal from the day of ran-

omization was 2.45�2.06 weeks in the treatment group and
.78�2.13 weeks in the control group. This difference was not
tatistically significant (t�.987, P�.330). The PSST score and
he stage of the 32 ulcers that did not heal during the study
eriod are shown in table 4. There were no significant differ-
nces between the treatment and control groups.

Of the 9 ulcers that were at stages 3 and 4 at the time of
andomization, the PSST score and the ulcer stage were sig-
ificantly lower in the treatment group (n�4) than in the
ontrol group (n�5) at the end of the study (table 5). Three of
he 4 ulcers in the treatment group reached stage 2 by 2 weeks
fter starting treatment and stage 1 by 3 weeks. In the control
roup, none of the ulcers reached stage 2 at the end of the
econd week, and only 1 ulcer reached stage 2 by 3 weeks. The
ean time for ulcers in the treatment group to reach stage 2
as 2.25�0.5 weeks; in the control group, it took 4.33�1.53
eeks (t��2.621, P�.047).

DISCUSSION
Several studies2,4,5 have shown that lasers may assist in

ound healing. The proposed mechanisms for this action in-
lude an increase in aerobic energy production, prevention of
ellular necrosis, enhancement of cell proliferation and colla-

Table 3: Comparison of Pressure Ulc

Treatment (n�35)

PSST score*
Mean � SD 21.9�5
Median (range) 22 (14–32)
Mean rank 31.30

Pressure ulcer stage†

2 31
3 3
4 1

Duration of ulcer (d)‡

Mean � SD 34.2�45.5

bbreviation: SD, standard deviation.
Mann-Whitney U test.
Fisher probability test.
Student t test.
en synthesis, and stimulation of fibroblast and macrophage
roliferation.2,3,12 However, many studies contradict this claim.
ongo,13 de Braekt,14 Hall,15 and Petersen,16 and colleagues
id not find any significant effect of low-level energy laser on
he process of wound healing in experimental animals.

Santoianni et al17 compared the helium neon laser, with a
32.8-nm wavelength, and energy of 1J/cm2 or 4J/cm2, with
ntiseptic compresses in the treatment of venous ulcers. They
oncluded that the laser did not influence healing. In a random-
zed, placebo-controlled trial, Lundberg and Malm18 did not
nd any significant difference in wound healing among sub-

ects treated with the gallium-aluminum-arsenide laser. A re-
ent Cochrane review6 also did not find sufficient evidence to
upport the efficacy of lasers treatment of venous ulcers. Cul-
um et al,19 after an exhaustive review, did not find sufficient
vidence to draw conclusions about the efficacy of lasers in
hronic wound healing. In our study, we also did not find
ignificant differences in the number of ulcers healed and the

the Treatment and Control Groups

Control (n�29) Significance

.570
22.7�4.4
23 (14–31)

33.95

24 .38
4 .50
1 .70

.374
57.1�43.5

Fig 1. Flow chart of the RCT of laser treatment of pressure ulcers.
ers in
Arch Phys Med Rehabil Vol 85, October 2004
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A

ime for the ulcers to heal, between the treatment group and the
ontrol group.

Two trials do report that light therapy is useful in treatment
f ulcers. Schindl et al5 reported that the helium neon laser was
seful in the treatment of chronic nonhealing ulcers. This
pen-labeled study, without a control group, included 20 ulcers
f different etiologies. Differences in ulcer etiology, study
esign, and source of light may account for differences in
esults between our study and that trial. In a placebo-controlled,
ouble-blind study, Gupta et al4 concluded that low-energy
hoton therapy assists in healing venous ulcers. Gupta used
ight sources of 2 wavelengths, 660 and 880nm. Our study
ncluded only pressure ulcers in patients with spinal cord
isorders and used multiwavelength light therapy. Hence, it is
ot possible to compare these 2 trials.
Ulcer healing is influenced by many different host factors,

or example, age, nutritional status, continence of bowel and
ladder, mobility, sensations and concomitant illness, care, and
edications.1 The effect of lasers on wound healing was in-
uenced by etiology: ulcers caused by radio damage healed
aster with lasers than those caused by diabetes and vasculitis.5

ence, there is a need to study the effect of various interven-
ions for pressure ulcers on specific diagnostic categories. Spi-
al cord injury (SCI) per se alters the cardiovascular responses,
nterfering with blood flow to the skin and wound healing.1

efore our study, there was only 1 study on the effect of laser
n wound healing in patients with SCI. In that study, Nuss-
aum et al20 compared nursing care alone with nursing care
ombined with laser or ultrasound and ultraviolet-C. Although
he combination of ultrasound and ultraviolet treatment de-
reased wound healing time, lasers did not have any significant
ffect.

In our study, we noted a significant reduction in the time for
tage 3 and 4 ulcers to improve to stage 2 in the treatment
roup compared with the control group. Hence, multiwave-
ength light therapy may be useful in promoting wound healing
n large ulcers. One major limitation of our study is that there
ere only 9 stages 3 and 4 ulcers in the treatment group.
ecause of sample size limitations, these findings need to be
alidated further.

Table 4: PSST Score and Stage of Ul

Treatment (n�17)

Mean � SD Media

PSST score at start of treatment 24.2�3.3 23.0
Stage at start of treatment 2.2�0.4 2.0
PSST score at end of treatment 21.1�4.6 21.0
Stage at end of treatment 2.0�0.0 2.0
PSST score at end of study 19.9�6.4 18.0
Stage at end of study 2.0�0.4 2.0

Table 5: Effect of Lasers on Stage 3 and 4 Ulcer

Treatment Group (n�4)

Mean � SD Media

PSST score at start of treatment 27.0�3.4 28.5
Stage at start of treatment 2.8�0.5 3.0
PSST score at end of treatment 18.3�2.9 17.5
Stage at end of treatment 2.3�0.5 2.0
PSST at end of study 16.8�3.5 16.5
Stage at end of study 1.8�0.5 2.0
rch Phys Med Rehabil Vol 85, October 2004
Overall, 32 of 64 ulcers healed in 28 days. Most of the ulcers
ere in stage 2 when subject entered the study. Even though
ard nursing staff was blind to the type of intervention, they
ere aware that a trial on healing of pressure ulcers was in
rogress. It is possible that this resulted in overall improvement
n wound care practices. This may be a reason for relatively
apid healing of ulcers in this trial. Another study limitation
as that it was done at a single center using a specific device.
study with a larger number of ulcers in stages 3 and 4, with

articipation of multiple centers, might help expand our under-
tanding of the efficacy of lasers in the treatment of large
ressure ulcers.
Total healing of the ulcer is the most desirable outcome of

ny intervention for pressure ulcers. We used healing of the
lcer, time taken for the ulcer to heal, the conventional stage,
nd the PSST score as the end points of the study. Total healing
f the ulcers in a relatively short period may not be a sensitive
easure. The PSST is comparable to other assessment methods

f wound healing.21 Another limitation is that we had no
revious experience using the PSST.
Treatment could not be completed in 10 ulcers because of

oncomitant medical complications, which resulted in the
eath of 2 subjects, 1 subject withdrawing from study, and 2
lcer infections. Subjects with spinal cord disorders are prone
o develop several medical complications, which will interfere
ith the healing of pressure ulcers and the selection of treat-
ent. None of the subjects in our study had any complications

irectly attributable to treatment. None of the previous stud-
es4,5,16,19 reported any significant complications because of
aser therapy for wound healing.

CONCLUSIONS
Overall, there were no significant differences in healing of

he ulcers between the treatment group and the control group.
ultiwavelength light therapy reduced the time taken by a

mall subgroup of stage 3 and stage 4 pressure ulcers to reach
tage 2. Because there were only 9 of these ulcers in our study
nd because this was a single-center study, the findings cannot
e generalized. Further double-blind, controlled trials with

That Did Not Heal During the Study

Control (n�15)

Mann-Whitney U PMean � SD Median

24.5�3.5 24.0 119.5 .761
2.3�0.7 2.0 113.0 .486

20.7�4.6 21.0 126.0 .955
2.2�0.6 2.0 102.0 .057

19.00�4.9 18.5 73.5 .806
2.1�0.8 2.0 77.5 .971

mparison of the Treatment and Control Groups

Control Group (n�5)

Mann-Whitney U PMean � SD Median

27.8�2.6 28.0 9.5 .900
3.2�0.5 3.0 8.0 .371

24.2�4.0 24.0 2.0 .047
2.8�0.8 3.0 6.0 .273

22.4�3.9 22.0 2.0 .049
2.4�1.1 2.0 6.5 .345
cers

n

s: Co

n
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ultiple participating centers and a larger number of stage 3
nd 4 ulcers are required.
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