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Effectiveness of Low Level Laser Therapy on Pain and
Functional Status in Ankylosing Spondylitis

Ankilozan Spondilitte Diisiik Doz Lazer Tedavisinin Agri ve Fonksiyonellik Uzerine
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Summary

Objective: The aim of this study was to evaluate the effects of low-level
laser therapy (LLLT) on pain, functional status and disease activity in
patients with ankylosing spondylitis (AS).

Materials and Methods: Arandomized, double-blind, placebo-controlled
trial was performed on 37 patients. Group 1 (n=19) was treated with
LLLT for 10 sessions (1.2], 30 mW), group 2 received placebo laser. LLLT
was applied on the L3 to S1 supraspinous ligaments and sacroiliac joints
bilaterally with a skin-contact method. Evaluation parameters were Visual
Analogue Scale (VAS), at rest and during movements, the Bath Ankylosing
Spondylitis Disease Activity index (BASDAI), Bath Ankylosing Spondylitis
Functional index (BASFI), and the Ankylosing Spondylitis Quality of Life
(ASQol) questionnaire.

Results: Compared with the pre-therapy, LLLT group showed significant
improvement in VAS (p<0.05), ASQoL (p<0.01) and BASDAI (p<0.001)
scores during movement at the end of the treatment and at the second
month (p<0.05). However, there was no statistically significant difference
between treatment and placebo groups.

Conclusion: This is the first study to assess the effects of LLLT in patients
with AS. The results show LLLT seemed to improve pain and functional
status in patients with AS.

Key Words: Low-level laser therapy, low back pain, inflammation,
ankylosing spondylitis

Ozet

Amag: Bu calismanin amaci, ankilozan spondilit (AS) hastalarinda diistik doz
lazer tedavisinin (DDLT) agri, fonksiyonel durum ve hastalik aktivitesi tizerine
etkisinin arastiriimasidir.

Gereg ve Yontem: Cift kor randomize placebo kontrollii olarak diizenlenen
calismaya 37 hasta alindi. On seans boyunca 1. gruba (n=19) DDLT (1,2},
30 mW), 2. gruba (n=18) plasebo lazer uygulandi. DDLT uygulamasi L3-
S1 arasinda supraspindz ligamanlar Gizerine ve bilateral sakroiliak eklemler
lizerine deri ile temas halinde yapildi. Degerlendirme parametreleri olarak,
istirahat ve harekette Viziiel Analog Skala (VAS), Bath Ankilozan Spondilit
Hastalik Aktivitesi Olcedi (BASDAI), Bath Ankilozan Spondilit Fonksiyonel
indeksi (BASFI) ve Ankilozan Spondilit Yasam Kalitesi Olgeg";i (ASQol)
kullanild.

Bulgular: Tedavi 6ncesi ile kiyaslandiginda DDLT grubunda hareket sirasinda
VAS (p<0,05), ASQoL (p<0,01) ve BASDAI'de (p<0,001) tedavi sonunda ve
tedavi sonrasi 2. ayda anlamli diizelme gozlendi (p<0,05). Ancak tedavi ve
placebo gruplar arasinda istatistiksel olarak anlamli farklilik tespit edilemedi.
Sonug: AS hastalari tGzerinde DDLT'nin etkisini inceleyen bu ilk calismada
DDLT’nin agn ve fonksiyonellik (izerine olumlu etkileri oldugu gézlendi.
Anahtar Kelimeler: Disiik doz lazer tedavisi, bel agrisi, enflamasyon,
ankilozan spondilit
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Introduction

Ankylosing spondylitis (AS) is a chronic, inflammatory
rheumatic disease characterized by inflammation of the pelvis
and spine, leading to limitation of spinal mobility. Its prevalence
is 0.2-0.9% in the population, and is three times more common
in males than in females (1). The condition usually starts in the
third decade of life and the most common initial symptoms
include back pain and stiffness.

The main clinical phenomena in AS are pain and body
limitation that effect daily activities and quality of life. Patients
describe their pain in one or both buttocks, also occasionally
in the mid lumbar region. Additionally, morning stiffness and
loss of spinal mobility are debilitating symptoms which are
explained by spinal inflammation, structural damage or both.

Subchondral bone marrow inflammation in the sacroiliac
joints and at the entheses is a characteristic histopathologic
feature of the disease. Chronic inflammation of the entheses
leads to new bone formation in the form of syndesmophytes,
and ankylosis of the vertebrae and joints, primarily in the axial
column. These active inflammatory spinal lesions are detected by
magnetic resonance imaging and sacroiliac biopsies (2). Tumor
necrosis factor-alpha (TNF-a) plays a key pro-inflammatory
role in AS. The immunohistological findings suggest a role
for TNF-a and interleukin-6 (IL-6) in early, active lesions, and
for transforming growth factor-beta 1 (TGF-p1) at the time of
secondary cartilage and bone proliferation (3,4). Inhibition of
TNF-o. was found to substantially improve signs and symptoms
of AS (5,6). Hence, recent attention has been focused on new
treatment modalities which can provide TNF-§ blockage.

Low-level laser therapy (LLLT) is thought to be useful in the
treatment of various musculoskeletal pain disorders (7-9). The
exact mechanisms of action have not been well defined. One of
the suggested mechanisms is releasing local neurotransmitters,
such as serotonin and endorphins (10,11). Additionally, the
analgesic effect of LLLT is thought to be related to its anti-
inflammatory action (12-15). Many experimental and clinical
studies have shown that LLLT can reduce or modulate TNF-a
levels (13,15).

When analgesic and anti-inflammatory effects of LLLT are
taken into consideration, the purpose of this study was to
evaluate the effects of LLLT on clinical symptoms and quality
of life in patients with AS. In the literature, there was no
randomized controlled trial investigating the effects of LLLT in
AS patients.

Materials and Methods

A randomized controlled trial was conducted. Thirty-
seven patients, who satisfied the Modified New York Criteria
for AS, were recruited from our outpatient clinic. Exclusion
criteria were: presence of malignancy, infection at or near the
treatment site, and pregnancy. The study was approved by
the Human Research Ethics Committee of Marmara University.
Written informed consent was obtained from all patients prior
to inclusion to the study.

A total of 37 patients were randomly assigned to treatment
and divided into two groups. The patients in Group 1 (n=19)
received LLLT (1.2 J, 30 mW), and Group 2 (n=18) received
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placebo laser with an inactive probe. The therapy was applied
to the patients for ten sessions (i.e. working days of following
2 weeks). Laser irradiation was performed with a Gallium-
Aluminum-Arsenide (GaAlAs) A=810 nm, 30 mW (MedArt
Uni-laser 201 product, Asah Medico A/S, Hvidovre, Denmark).
Continuous wave in skin-contact mode was chosen. Application
of the laser beam was designed to include L3 to S1 supraspinous
ligaments and sacroiliac joints bilaterally. Stimulation time of 40
seconds was used for each point to produce 1.2 ] radiant energy
with 30 mW power. Both the investigator and the participants
wore protective goggles during the laser treatment sessions.
Each session took approximately 20 minutes for each patient.
Placebo LLLT was applied in the same manner with the same
device which was deactivated.

Assessments were performed before, immediately after the
treatment and at the end of week 8, by an investigator who
was blind to the treatment. Both groups were evaluated for
pain, disease activity, functionality and quality of life. Evaluation
parameters were a visual analogue scale (VAS) for pain at rest
and during movements, duration of morning stiffness, the
Bath Ankylosing Spondylitis Disease Activity index (BASDAI),
Bath Ankylosing Spondylitis Functional index (BASFI), and the
Ankylosing Spondylitis Quality of Life (ASQoL) questionnaire.
VAS scores were taken as an average of what the patient
normally suffered one week before the evaluation. The BASDAI
is a patient-reported measure of disease activity in patients
with AS. The functional status of patients with AS was assessed
by the BASFI. Ruof et al. (16) suggested a good discriminative
capacity of the BASFI in physical therapy clinical trials. All these
questionnaires are valid in Turkish patients.

All appointments of the patients were arranged at the same
time period of the day to standardize the treatments and the
assessments. For the duration of the study, the patients received
their usual medication and were advised to maintain their usual
activities.

Statistical Analysis

This study was designed to enroll 32 patients so that it
would have at least 80% power to detect a treatment group
difference of 1.0 point in pain severity as measured by VAS. The
use of a 1.0 point difference in VAS was based on the result of a
study by Salaffi et al. (17). Statistical analyses were done using
SPSS version 10.0 for Windows. The results were expressed as
meanststandard deviations. For comparing the two groups
before therapy, demographic data was analyzed using a
student’s t-test and the Mann-Whitney U test. Comparisons of
the outcomes pre-therapy, weeks 2 and 8 in the groups were
done by using the Friedman test and Wilcoxon-signed rank test,
as appropriate. Statistical significance between the two groups
was tested by the Mann-Whitney U test. The level of statistical
significance was set at a two tailed p-value of 0.05.

Results

The basic characteristics of patients included in the study are
shown in Table 1. There was no significant difference between
the groups in demographic parameters and baseline scores for
the assessment scales.

Baseline, week 2 and week 8 values of VAS at rest and during
movements, morning stiffness, patient global assessment (PGA),
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Table 1. Summary of demographics and baseline disease characteristics.

Characteristic Placebo (n=18) LLLT (n=19)
Sex (Male/Female), # 10/8 15/4

Age, years+SD 41.3£13.4 38.9+£10.7
Years since symptoms first occurred 12.14£7.5 11.2£7.7
Years since diagnosis of AS 8.717.1 6.616.1
Patients taking medications, no (%) 14 (87.8) 13 (68.4)
Patients smoking, no (%) 6 (33.3) 5(26.3)
Patients doing regular exercises, no (%) 5 (27.8) 6 (31.6)

No significant difference between groups (Chi-square test when the variable is non- parametric).
LLLT: Low level laser treatment.

Table 2. Median values (range) of outcome variables for changes in clinical signs and symptoms from baseline to week 2 and week 8 in LLLT

group (n=19).

Outcomes Pre-treatment Week 2 Week 8
Morning stiffness, minute 30 (5-60) 30 (5-30) 15 (5-60)

VAS at rest (0-10 scale) 5.5 (2.0-6.8) 2.4 (1-5.6)° 3.5(1.2-6)
VAS during movement (0-10 scale) 5.6 (1.0-7.0) 2.4 (0-6.5)° 3.4 (1.0-6.5)°
BASFI 3.1 (1.9-5.8) 1.6 (0.9-4.5) 2.0(1.1-6.9)
BASDAI 5.4 (3.4-7.1) 2.8 (0.6-4.5)° 3.3 (1.2-5.5)°
ASQoL 9.0(3.0-12) 4.0 (1.0-9.0)° 5.0 (2.0-11.0)

2p<0.05 versus pre.treatment, °p<0.01 versus pre.treatment, ¢p<0.001 versus pre.treatment
VAS: Visual Analogue Scale, BASFI: Bath Ankylosing Spondylitis Functional Index, BASDAI: Bath Ankylosing Spondylitis Disease Activity Index

Table 3. Median values (range) of outcome variables for changes in clinical signs and symptoms from baseline to week 2 and week 8 in

placebo group (n=18).

Outcomes Pre-treatment Week 2 Week 8
Morning stiffness, minute 30 (13.7-60) 22.5(3.7-37.5) 30 (13.7-60)
VAS at rest (0-10 scale) 46.0 (31.7-70.5) 27.5 (13.7-45.5)a 32.5 (20-52.7)a
VAS during movement (0-10 scale) 5.7 (2.3-8) 4.1 (2.0-5.2) 4.5 (1.0-5.9)
BASFI 2.9 (1.6-5.8) 2.6 (1.5-5.2) 4.4 (1.2-5.3)
BASDAI 4.8 (1.9-5.5) 3.0 (1.6-5.0) 4.7 (1.9-5.3)
ASQoL 9.5 (3.7-13) 7.0 (2.7-10) 5.5(1.7-10.2)b

p<0.05 versus pre.treatment, ®p<0.01 versus pre.treatment, <p<0.001 versus pre.treatment
VAS: Visual Analogue Scale, BASFI: Bath Ankylosing Spondylitis Functional Index, BASDAI: Bath Ankylosing Spondylitis Disease Activity Index

BASDAI, BASFI, and ASQolL scores were compared between
the two groups and no statistically significant differences were
found (p>0.05).

Immediately after the treatment VAS at rest improved in both
groups, but LLLT group got more significant result as shown in
Table 2 and Table 3. Likewise, VAS during movement improved
in LLLT group after the treatment and this improvement lasted
until the end of 8th week.

Compared with the pre-therapy, LLLT group showed significant

Discussion

The earliest forms and the most typical findings of AS
result from sacroiliitis and enthesitis. Thus, suppression of
inflammation at the early stages may slow progression of
the disease. Various types of anti-inflammatory medications
are being used in clinical practice today. In the past decade,
new treatment modalities, aimed at specific neutralization of
proinflammatory cytokines such as TNF-a and interleukin 1,
seem the most promising. However, these biological agents

improvement in ASQoL (p<0.01) and BASDAI (p<0.001) at the
end of the treatment and at the second month (p<0.05).

We did not observe any complication nor an adverse effect
during the study.

have various side effects that limit the clinical use (18).
From this aspect, LLLT can be considered as an alternative
noninvasive treatment with its potential anti-inflammatory and
analgesic effects (12,13,18-21).
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This study included patients with pain or moderate disability
and discomfort during daily activities on baseline examination,
associated with AS. Our results did not show any statistically
significant improvement between the groups. Detailed analyses
of the results from LLLT group have shown clear differences
between pre-therapy and post-therapy outcomes. The most
prominent ones are the results on reduction in pain intensity,
disease activity and quality of life.

In a previous study that followed up 825 patients with
chronic musculoskeletal pain to determine the minimal
clinically important difference (MCID) of changes in pain
and its association with the numerical rating scale (NRS), the
authors observed that on average a reduction of one point or
a reduction of 15% in the NRS represented a MCID for the
patients. Additionally, they determined that a NRS change
score of -2.0 and a percent change score of -33% were best
associated with the concept of “much better” improvement
(17). In our study, both groups reached the MCID cut-off
point in VAS at rest and during movement but not the much
better improvement. In LLLT group, the improvement in pain
status during movement was significant and permanent when
compared with pain at rest. This would be related to the nature
of the inflammatory pain which worsens at rest. Considering
disease activity, previous literature suggested a BASDAI change
of 1 cm is the MCID for AS patients (22). In our study, more
than 1T cm decrement was observed in both groups at the
end of the treatment, but LLLT group had a more significant
decrease and this effect lasted to the end of the 8™ week.

There was a lack of literature on the effectiveness of LLLT in
patients with AS. However, LLLT has been reported to reduce
low back pain (LBP) of various causes (23-27). Yousefi-Nooraie
et al. (24) conducted a meta-analysis in an attempt to define
the effect of LLLT on LBP. They concluded that there are
insufficient data to draw consistent implications. A number of
clinical studies have used LLLT for nonspecific LBP, however, the
results are very heterogenic and nature of pain in these studies
are not only caused by inflammatory and structural changes,
but also by neurophysiologic and psychological mechanisms
(23,25,26). Konstantinovic and colleagues (27) conducted a
study to investigate additional anti-inflammatory effect of LLLT
on acute LBP. The results suggest that 904-nm LLLT at a dose of
3 J/point could be used as an additional therapy to nonsteroidal
anti-inflammatory drugs. Although, the study population and
the laser beam parameters differ from ours, this study supports
the possible clinical anti-inflammatory effects of LLLT on LBP.

There have been supportive data regarding the effectiveness
of LLLT on other rheumatologic conditions. A Cochrane
review (28) about the effect of LLLT on rheumatoid arthritis
patients included five placebo-controlled trials and revealed
LLLT reduced pain by 1.10 points on VAS relative to placebo,
reduced morning stiffness duration by 27.5 minutes and
increased tip to palm flexibility by 1.3 cm. The authors indicated
no significant differences between subgroups based on LLLT
dosage, wavelength, site of application or treatment length. In
accordance with our short-term benefit, this review concludes
that LLLT could be considered as a short-term treatment for
relief of pain and morning stiffness in rheumatoid arthritis
patients. Contrary to the results of this Cochrane review, several
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authors found similar outcomes to ours regarding pain, which
include improvements in both groups from beginning to the
end of the treatment, but no statistically significant differences
between them (29-31).

Our study certainly has limitations. Firstly, the number of
patients included is small. Secondly, the additional therapies
and medications of patients were heterogenic. However, there
was no statistically significant difference between the groups
in terms of disease activity when assessed by the BASDAI. In
addition, we had difficulty in choosing the laser irradiation
parameters. There was a lack of literature related to the use
of laser therapy in patients with AS. We analyzed the trials
evaluating effectiveness of LLLT on LBP and rheumatoid arthritis.
However, there was no standard opinion about the exact
dosage, duration and type of the laser therapy. We observed
good results in PGA, ASQoL and BASDAI in the placebo group.
This fact emphasizes the importance of psychosocial factors in
perception of pain and quality of life.

Conclusion

In this 8-week, randomized, double-blind, placebo-
controlled trial, LLLT at the dosage of 1.2 ], 30 mW was
not found superior to placebo, however, it was found to be
efficacious on most in-group outcome measures in patients
with AS, from beginning to the end of the treatment. Addition
of LLLT to the management of AS may contribute towards
improving treatment of patients with AS.

Conflict of Interest
Authors reported no conflicts of interest.

References

1. Sieper], Rudwaleit M, Khan MA, Braun . Concepts and epidemiology
of spondyloarthritis. Best Pract Res Clin Rheumatol 2006,;20:401-17.

2. Braun J, Bollow M, Neure L, Seipelt E, Seyrekbasan F, Herbst H, et al.
Use of immunohistologic and in situ hybridization techniques in the
examination of sacroiliac joint biopsy specimens from patients with
ankylosing spondylitis. Arthritis Rheum 1995;38:499-505.

3. Baraliakos X, Landewé R, Hermann KG, Listing J, Golder W, Brandt |,
et al.Inflammation in ankylosing spondylitis: a systematic description
of the extent and frequency of acute spinal changes using magnetic
resonance imaging. Ann Rheum Dis 2005;64:730-4.

4. Frangois R], Neure L, Sieper |, Braun J. Immunohistological
examination of open sacroiliac biopsies of patients with ankylosing
spondylitis: detection of tumour necrosis factor alpha in two patients
with early disease and transforming growth factor beta in three more
advanced cases. Ann Rheum Dis 2006;65:713-20.

5. Davis JC Jr, van der Heijde DM, Braun |, Dougados M, Clegg DO,
Kivitz A), et al.Efficacy and safety of up to 192 weeks of etanercept
therapy in patients with ankylosing spondylitis. Ann Rheum Dis
2008;67:346-52.

6. Braun ), BrandtJ, Listing J, Zink A, Alten R, Golder W, et al. Treatment
of active ankylosing spondylitis with infliximab: a randomised
controlled multicentre trial. Lancet 2002:6;359:1187-93.

7. Gur A, Karakoc M, Nas K, Cevik R, Sarac ], Ataoglu S. Effects of low
power laser and low dose amitriptyline therapy on clinical symptoms
and quality of life in fibromyalgia: a single-blind, placebo-controlled
trial. Rheumatol Int 2002;22:188-93.

8. Brosseau L, Robinson V, Wells G, Debie R, Gam A, Harman K, et
al. WITHDRAWN: Low level laser therapy (Classes Ill) for treating
osteoarthritis. Cochrane Database Syst Rev 2007;1:CD002046.



Aydin et al.

Effectiveness of LLLT on Ankylosing Spondylitis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Gur A, Sarac AJ, Cevik R, Altindag O, Sarac S. Efficacy of 904 nm
gallium arsenide low level laser therapy in the management of
chronic myofascial pain in the neck: a double-blind and randomize-
controlled trial. Lasers Surg Med 2004;35:229-35.

Hagiwara S, Iwasaka H, Hasegawa A, Noguchi T. Pre-Irradiation
of blood by gallium aluminum arsenide (830 nm) low-level laser
enhances peripheral endogenous opioid analgesia in rats. Anesth
Analg 2008;107:1058-63.

Peres e Serra A, Ashmawi HA. Influence of naloxone and methysergide
on the analgesic effects of low-level laser in an experimental pain
model. Rev Bras Anestesiol 2010;60:302-10.

Hagiwara S, Iwasaka H, Okuda K, Noguchi T. GaAlAs (830 nm) low-
level laser enhances peripheral endogenous opioid analgesia in rats.
Lasers Surg Med 2007;39:797-802.

Pallotta RC, Bjordal |M, Frigo L, Leal Junior EC, Teixeira S, Marcos
RL, et al. Infrared (810-nm) low-level laser therapy on rat
experimental knee inflammation. Lasers Med Sci Lasers Med Sci
2012;27:71-8.

Aimbire E Albertini R, Pacheco MT, Castro-Faria-Neto HC, Leonardo
PS, Iversen VWV, et al. Low-level laser therapy induces dose-dependent
reduction of TNFalpha levels in acute inflammation. Photomed Laser
Surg 2006:24:33-7.

de Almeida P Lopes-Martins RA, Tomazoni SS, Silva JA Jr, de
Carvalho Pde T, Bjordal JM, et al. Low-level laser therapy improves
skeletal muscle performance, decreases skeletal muscle damage
and modulates mRNA expression of COX-1 and COX-2 in a dose-
dependent manner. Photochem Photobiol 2011;87:1159-63.

Ruof ], Stucki G. Comparison of the Dougados Functional Index and
the Bath Ankylosing Spondylitis Functional Index. A literature review.
| Rheumatol 1999;26:955-60.

Salaffi F Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal
clinically important changes in chronic musculoskeletal pain
intensity measured on a numerical rating scale. Eur ] Pain
2004;8:283-91.

Furst DE, Keystone EC, Braun |, Breedveld FC, Burmester GR, De
Benedetti F et al. U Updated consensus statement on biological
agents for the treatment of rheumatic diseases, 2010. Ann Rheum
Dis 2011;70(Suppl 1):2-36.

Li LC. What else can | do but take drugs? The future of research
in nonpharmacological treatment in early inflammatory arthritis. |
Rheumatol Suppl 2005;72:21-4.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Carvalho CM, Lacerda JA, dos Santos Neto FP de Castro IC, Ramos
TA, de Lima FO, et al. Evaluation of laser phototherapy in the
inflammatory process of the rat's TM] induced by carrageenan.
Photomed Laser Surg 2011;29:245-54.

Yan W, Chow R, Armati PJ. Inhibitory effects of visible 650-nm and
infrared 808-nm laser irradiation on somatosensory and compound
muscle action potentials in rat sciatic nerve: implications for laser-
induced analgesia. ] Peripher Nerv Syst 2011:16:130-5.

Pavy S, Brophy S, Calin A. Establishment of the minimum clinically
important difference for the bath ankylosing spondylitis indices: a
prospective study. ] Rheumatol 2005;32:80-5.

Djavid GE, Mehrdad R, Ghasemi M, Hasan-Zadeh H, Sotoodeh-Manesh
A, Pouryaghoub G. In chronic low back pain, low level laser therapy
combined with exercise is more beneficial than exercise alone in the
long term: a randomised trial. Aust | Physiother 2007;53:155-60.

Yousefi-Nooraie R, Schonstein E, Heidari K, Rashidian A, Pennick V,
Akbari-Kamrani. Low level laser therapy for nonspecific low-back
pain. Rev 2008;2:CD005107.

Gur A, Karakoc M, Cevik R, Nas K, Sarac A), Karakoc M. Efficacy
of low power laser therapy and exercise on pain and functions in
chronic low back pain. Lasers Surg Med 2003;32:233-8.

Basford R, Sheffield CG, Harmsen WS. Laser therapy: a randomized,
controlled trial of the effects of low-intensity Nd: YAG laser
irradiation on musculoskeletal back pain. Arch Phys Med Rehabil
1999;80:647-52.

Konstantinovic LM, Kanjuh ZM, Milovanovic AN, Cutovic MR,
Djurovic AG, Savic VG, et al. Acute low back pain with radiculopathy:
a double-blind, randomized, placebo-controlled study. Photomed
Laser Surg 2010;28:553-60.

Brosseau L, Welch V, Wells G, deBie R, Gam A, Harman K, et al. Low
level laser therapy (classes |, Il and lll) in the treatment of rheumatoid
arthritis. Cochrane Database Syst Rev 2000;2:CD002049.

Hall ], Clarke AK, Elvins DM, Ring EFE Low level laser therapy is
ineffective in the management of rheumatoid arthritic finger joints.
Br ) Rheumatol 1994;33:142-7.

Bliddal H, Hellesen C, Ditlevsen B, Asselberghs |, Lyager L. Soft-laser
therapy of rheumatoid arthritis. Scand ] Rheumatol 1987;16:225-8.
Meireles SM, Jones A, Jennings F, Suda AL, Parizotto NA, Natour |J.
Assessment of the effectiveness of low-level laser therapy on the

hands of patients with rheumatoid arthritis: a randomized double-
blind controlled trial. Clin Rheumatol 2010;29:501-9.

303



