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ABSTRACT
The Low Level Laser Therapy (LLLT) has been widely tested in arthritis disorders, but there is still some disagreement in the
results, therefore in this study we have investigated High Intensity Laser Therapy (HILT).
The degenerative arthritis was induced in 1 8 chickens by intra-articular inoculation ofFreund's complete adjuvant.
Clinical studies were carried out (weight increase and grades of lameness), as well as morphological (macroscopic and
histological) tests and seroassay (C Reactive Protein).
The Nd:YAG pulsed wave was employed.
The serologic data revealed the anti-inflammatory effect of the laser, with a highly significant difference between those treated
and the control group. No lesion on the skin, i.e. bum, or in depth has been observed in the Treated group.
Heavyline of broiler chickens in growing age has been revealed a good animal model of O.A.. The Nd:YAG Pulsed Wave it is
safe on these structures. The anti-inflammatory effect of the HILT it seems to contrast the destructive degenerative process.
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1. INTRODUCTION
The literature offers a plethora ofreports, some negative3'4'567'8'9't0'1112 and some positive'3"4"5"6"7"8"9'20'21'22'23 in the treatment

of arthritis and rheumatic disorders by Low Level Laser Therapy (LLLT). In this study, we have investigated the possibility of
using High intensity Laser Therapy (HILT) on an animal model of osteoarthritis, since this method has been introduced into
sports traurnatology24'25'26'27.

Most studies of laser therapy conducted over the past thirty years have been carried out using equipment of low or medium
power (LLLT), with wavelengths in the red and near infrared (600 - 900 nm). In this spectrum, the laser beam is partially
absorbed by natural chromophores, such as melanin, which retain part ofthe radiated energy. On the contrary, our study is based
on the use ofthe Nd:YAG, a powerful laser (HILT), which is characterized by wavelengths (1064 nm) that permit it to penetrate
the tissue and diffuse through it with greater facility, as it does not have an endogenous chromophore. Moreover, with the
pulsed Nd:YAG laser, power peaks up to 1 000 Watts can be delivered for 200ji seconds: very high peak intensities (W/cm2) in
very short times. Such high intensities in very short times prevent thermal accumulation by the tissue, as occurs with the use of
the continuous wave Nd:YAG26'27 . All this enables effective diffusion of the laser beam through the tissues, with a very low risk
of histological damage.

In addition, the amount of energy (Joule) delivered by HILT are similar to those delivered by LLLT, but with an intensity
(power density: W/cm2) that is even up to 1000 times greater.
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The primary objective of this study was to eva'uate the cicken animal model of 0A1'2 and the safety of the power laser with
regards to surface and deep structures.
The secondary objective was to verify its clinical efficacy in line with what has already been reported in the literature relative to
the biological effects observed in vitro and in vivo. In particular, we evaluated the laser's analgetic29 and anti-inflammatory30
effects.

2. MATERIALS AND METHODS
2.1 Laser device

An Nd:YAG (Smart Beam by DEKA Mela - El.En. Group, Calenzano, Florence-Italy) mean power of 6 Watt, with a
wavelength of 1064 nm, spot size ofO,12 cm2 and pulse duration of200 .tSec was used. All treated subjects, had the similar area
(35 cm2), irradiated with the same quantity of energy (270 Joules) and intensity (1 0.5 WI cm2). All subjects had 6 treatment
cycles a week for 2 weeks, altogether 12 cycles, according to Tam" and Lubich23 protocols.

2.2 Experimental procedure
The study was carried out on I 8 xenobiotic heavyline of female broiler chickens, raised in free range conditions.
When they were purchased, the subjects were 6 weeks old and had a homogeneous body weight (mean weight: 200 g).

At the age of 1 0 weeks, the subjects were infiltrated in the tibiotarsal-metatarsal joint (right limb) with 0.5 ml of Freund's
complete adj uvant3 .

in the same joint a second administration was made at the age of 14 weeks, using a 1 :1 mixture of Freund's complete adjuvant +
I 0% sterile buffered formalin.
The induced phlogistic process was first monitored on the 16th week. After euthanasia, 4 subjects were submitted to necroscopy:
macroscopic and histological surveys ofboth thejoint involved and the healthy contra-lateral joint were carried out.
on the 1 week, the 14 subjects were subdivided into two groups: 7 Control and 7 Treated.
Treatment began on the 18th week and it is ended at the end ofthe 19th week of life.

2.3 Test examination
At the end ofthe 19th week oflife the following tests were carried out on all subjects:
- a clinical evaluation of lameness;
- a blood sample for the assay ofC reactive protein (CRP);
- measurement of weight after suppression.
The lameness was evaluated by well-known clinical parameters, with 4 grades:
- grade zero: the subject has no walking problems;
- grade one: evident lameness;
- grade two: severe lameness;
- grade three: the does not walk and keeps the affected limb raised.
Table 2 shows the averages of the parameters (trend of CRP, lameness grade, bodyweight increase) for each group.

2.4 Statistical Analysis
Data are presented as mean SEM (Table 1). Statistical analysis was performed by student's paired t-test (Table 2). Differences
were considered statistically significant at P<O.05.

2.5 Macroscopical and histological examination
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Morphological tests were carried out after necroscopy.

The tibio-tarsal joints of each animal were examined externally for morphological and functional investigation (articular
excursion). Then they were opened for a morphological evaluation of the articular lesion and also the characteristics of the
synovial fluid.

Bioptic samples were taken, then fixed in 10% buffered formalin, embedded in paraffin, and cut into 3i-thick sections for
histopathological studies.
Prior to dissection of the tibial diaphysis in its third distal portion and of the tarsal diaphysis in its third proximal portion, after
being fixed, the joints were placed in a decalcifying mixture of chloridric acid and sodium hydroxide for four days. After this,

they were processed like the other tissues. The histological sections were stained with haematoxylin-eosin (E. & E.).
1-listomorphological tests were carried out using a light microscope (Leika), to analyse the homologous fields for performing a
cell count at 400x.

3. RESULTS
3.1 Autoptic examination 16th week

The four Control showed, externally and internally, severe arthritis, comparable to at least a 4th grade of Ahiback (32),
characterized by fissuration-detachment of the articular cartilage, ebumation of the underlying bone, newly-formed cartilaginous
processes protruding into the articular cavity, chronic synovitis (Fig. I/A). This process determined an angular rotation of the
limb.

3.2 External morphological examination and articular functionality at 19th week
In the 1 9th week of life, we noted macroscopically that there were considerable differences between the Control group and the
Treated group. The external morphological examination of the joints showed, in the Control, a marked axial and angular

deviation, with a spherical modification in the joint - analogously in the coronal and sagittal diameters.

The test of articular functionality showed a severe ankylosing arthropathy for the Control and, in some cases, a complete
ankylosis that never it has not been observed in the Treated group. In the Control group no synovial fluid was found - except in
very reduced quantities. On the contrary in the Treated group the constant presence of dense synovial fluid of a light yellow
colour - although not always in a large quantity - was observed.
Morphological macroscopic alterations at at 19th week

3.2.1 Control group

Complete modification of the articular structure, due to the presence of central osteophytic proliferations, ankylosing,
haemarthrosis (Fig. i/B), the absence of synovial fluid, ulcerative-ebumean areas on the articular condyles (Fig. 1/B), and
marked thickening of the articular capsule, which had acquired a fibrous consistency (Fig. 1/B).
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Description ofFigure 1:

Composite picture with photograph and photomicrograph of Control and Treated groups all sampled at the 1 9thweek.

a) Photograph of Control and Treated groups.
From left: two Control's group subjects. Ulcerative-ebumean areas on the articular condyles, absence ofsynovial fluid,
presence of haemarthrosi s, marked thi ckening of the aPi cular capsule.

The other two subjects are Treated group. The articular surface appeared to be preserved, traces ofblood in the joint,
modeste increase of synovial fluid.

b) Photomicrograph of Control group. Presence of abundant phlogistic infiltrate (head arrow), with polymorphonucleates
(arrow) and giant "Muller" type cells (white arrow). Presence of the intra-articular synovial "pannus" (open arrow).
Haematoxilin — Eosine (H. & E.), scale bar 1 00 micron.

c) Photomicrograph of Treated group. No phlogistic infiltrate and the lack of giant cells, presence of a low regenerativehyperplasia activity ofthe chondroblasts (arrow). H. & F. scale bar 100micron.
d) Photomicrograph of Control group. Ulcerative areas with the presence of phlogistic infiltrate (arrow) and giant "Muller"
type cells (white arrow). H. & E. scale bar 100 micron.

3.2.2 Treated group

A general aspect of circumscription of the chronic osteoarthritic process was observed, that could be attributed to the
regenerative cartilaginous phenomenon of the ulcerative-eburnean areas present on the articular condyles. The articular surface
appeared to be preserved, and no osteophytic proliferations were observed. There was traces of blood in the joint. A modest
increase in the synovial fluid, and a thickened and fibrous articular capsule, were found. (Fig. I/B).
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3.3. Histological examination

3.3.1 Control group
The articular appearance was distinguished by the presence of chronic-active phiogosis, characterized by the pen- and intraarticular infiltrate of mononucleates (lymphocytes and macrophages) and polymorphonucleates (essentially heterophiles),
localized in large quantities over the contact areas of the intra-articular synovial "pannus" and in the surrounding ulcerative areas
ofjoint cartilage (Fig. 2/A). In particular, in the necrotic-ulcerated cartilaginous areas giant "Muller" type cells in the infiltrate

(Fig. 2/B), as well as the presence of a moderate osteoclastic activity at the level of the subchondral bone were seen.
Cartilaginous fragments of cartilage were observed in the articular lumen (riziform bodies). The 400x cell count and the search
for mitoses did not indicate chondroblastic regeneration in the pen-ulcerated areas.

3.3.2 Treated group
The articular appearance was characterized by the absence of intraluminal free necrotic fragments, clear-cut margins of the
ulcerated areas. No phlogistic infiltrate and the lack of giant cells was observed (Fig. 2/D). The phlogistic infiltrate in each
preparation was minimal or lacking; nor was any osteoclastic activity observed at the epiphyseal and metaphyseal levels. We
have observed a low regenerative-hyperplasia activity of the chondroblasts (Fig. 2/D). This activity was evaluated by means of a
400x cell count and a count of the number of mitoses per microscopic field. The finding of intense hyperplasia in the synovia
remained constant, with synoviocytes with an intumescent appearance arranged in several rows, seemingly in active synthesis.

3.4 Other examination
As far as the weight surveys are concerned, the graph below (Table 1) shows the distribution of the averages of the chickens
sub-divided by group.

Table I: Average of parameters: CRP, Lameness and Weight Increase of Body
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Table 2: means and statistical analysis

CRP
Groups

-

-Mean
p<o.05

Lameness Degree

Control

Laser

Weight of Body
Laser

Laser

Control

Control

0,82
0,9
0,7
0,82
0,99
0,68
0,97

0,11

3

1

0,13

3

2

0,06

3

2

0,13

2

2

2
2,5
2,6
2,2

0,78

3

2

1,8

2,2
2,5
2,5

0,16

3

2

2,1

2,1

0,21

2

1

2,2

2,3

0,8

0,2

2,7

1,7

2,2

2,3

0,0001 18899

0,001 18899

2

2,65

0,198011473

4. DISCUSSION
In the light of the results, we consider that heavyweight chickens, while growing, represent a valid animal model for the study of

inflammatory-type degenerative arthropathies. In our opinion, for this type of investigation, the heavyweight chicken is
preferable to other animal species because it has a bipedal gait that exposes the joints to greater stresses with respect to
quadrupeds. It has large joints that are easy to study; it is extremely docile and manageable, and has a high pain threshold.
Furthermore, since this chicken's basal metabolism is high, particularly while during growth, we were able to obtain a chronic
active process with degenerative evolution in a relatively short time (6 months).

The most significant fact that emerged from this study is the ability of the power laser (HILT) to antagonize the degenerative
process and to give a weak neochondrogenic response.
From the histological examination a total absence of inflammatory infiltrate in the laser-treated subjects was found. This
correlates with the trend of the C reactive protein (CRP). From the graph in table 2, it appears evident that the Control group
has mean CRP values that were 4 times greater than Treated group.
The statistical analysis of the variation in the CRP indicates that there was a highly significant difference (p<O.0001) between the
Treated group and the Control group. A separate consideration must be made regarding the lameness trend. For the Nd:YAG, it
has been reported29 the ability of this laser of to give a good analgetic response. In this case it is our opinion that the grade of
lameness is correlated to the joint functionality, rather than to the direct analgetic effect or antinflammatory. In fact, we observed
macroscopically a distinct decrease in the osteophytic proliferations, and a reduction in the grade of ankylosis, with the partial

conservation of the articular planes or surfaces and a reinstatement of synovial fluid in the treated subjects with respect to
Control and then a better clinical condition.
It seems probable therefore that, in the Treated group the treatment blocked the catabolic condition and favored the anabolic one.
In untreated animal this effect may be lowered by reduction of serological levels of of GH and of IGF-l as reported by Calderon
et al.33 in different animal models, during the degenerative process in arthritis exerimentally induced with the Freund adjuvant.

5. CONCLUSION
High Intensity Laser Therapy in the doses that we used has been shown to be safe in the treatment of articular pathologies, and
not to induce lesions to surface and deep structures.
Our study indicates that the laser is capable of antagonising experimentally-induced arthritis having antiinflammatory effect.
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We have also observed a low neochondrogenic effect and low synovial hyperplasia. Moreover from this study it is emerged that
the chicken it is a good animal of osteoarthritis.

As this is a pilot study, we consider that further detailed study is essential. In particular, we confirm that it would be useful to
investigate the nature of the newly-formed cartilage (hyaline cartilage or fibrocartilage), and to identify the correct irradiation
intensities of the Nd:YAG power laser: activation threshold, efficacious dose and, possibly, toxic dose. Moreover, we believe it
would be appropriate to verify the experiment on spontaneous pathologies ofosteoarthritis and on other animal species.

AKNOWLEDGEMENTS
This study was supported by El.En. group. We would like to thank Leonardo Longo MD - University of Siena Italy for his
advise.

REFERENCES
I.

Altman RD and Dean DD. "Osteoarthritis reseach animal models". Seminars in Arthritis and Reumatism 1990, 19(4
suppi. l):21 -25.

2. Minor RR and Famum CE. "Animal models with chondroplasia/osteochondrodysplasia". Pathology and Immunopathology
Research 1988, 7(1-2):62-67.
3. De Bie RA, De Vet HC, Lenssen TF, Van Den Wildenberg FA, Kootstra G, Knipschild PG. Low-level laser therapy in
ankle sprains: a randomized clinical trial. Arch Phys Med Rehabil 1998; 79(1 1):1415-20.
4. Basford JR, Malanga GA, Krause DA, Harmsen WS. A randomized controlled evaluation of low-intensity laser therapy:
plantar fasciitis. Arch Phys Med Rehabil 1998; 79(3):249-54.
5. Basford JR. Low intensity laser therapy: still not an established clinical tool. Lasers Surg Med 1995; l6(4):331-42.
6. Bitlow PM, Jensen H, Danneskiold-Samsoe B. Low power Ga-Al-As laser treatment ofpainful osteoarthritis ofthe knee. A
double-blind placebo-controlled study. Scand J Rehabil Med 1994; 26(3):155-9.
7. Krasheninnikoff M, Ellitsgaard N, Rogvi-Hansen B, Zeuthen A, Harder K, Larsen R, Gaardbo H. No effect of low power
laser in lateral epicondylitis. Scand J Rheumatol 1994; 23(5):260-3.
8. Ernst E, Fialka V. Low-dose laser therapy: critical analysis ofclinical effect. Schweiz Med Wochenschr 1993; l23(18):94954.
9. Beckerman H, De Bie RA, Bouter LM, De Cuyper HJ, Oostendorp RA. The efficacy of laser therapy for musculoskeletal
and skin disorders: a criteria-based meta-analysis ofrandomized clinical trials. Phys Ther 1992; 72(7):483-91.
I 0. Vasseljen 0 Jr, Hoeg N, Kjeldstad B, Johnsson A, Larsen S. Low level laser versus placebo in the treatment oftennis elbow.
Scand J Rehabil Med 1992; 24(l):37-42.
1 1 . Haker EH, Lundeberg TC. Lateral epicondylalgia: report ofnoneffective midlaser treatment. Arch Phys Med Rehabil 1991;
72(1 2):984-8,.

I 2. Haker E, Lundeberg T. Laser treatment applied to acupuncture points in lateral humeral epicondylalgia. A double-blind
study. Pain 1990; 43(2):243-7.
13. Tam G. Low Power Laser Therapy and Analgesic Action. J Clin Laser Med Surg 1999; 1(17):29-33.
14. Basford JR, Sheffield CG, Harmsen WS. Laser therapy: a randomized, controlled trial of the effects of low-intensity
Nd:YAG laser irradiation on muscoloskeletal back pain. Arch Phys Med Rehabil 1999; 80(6):647-52.

1 5. Mondardini P, Verardi L, Tanzi R, Kanellopulu 5, Pagano C, Roveran G, Drago E. Terapia fisica strumentale in
traumatologia dello sport: impiego del laser a 910 nm pulsato nella patologia a carattere flogistico e nelle sindromi dolorose
dello sportivo. Medicina dello Sport 1998; 3(51):273-83.
16. Simunovic Z, Trobonjaca T, Trobonjaca Z. Treatment of medial and lateral epicondylitis - tennis and golfer's elbow - with
low level laser therapy: a multicenter double blind, placebo-controlled clinical study on 324 patients. J Clin Laser Med Surg
1998; 16(3):145-51.

Proc. of SPIE Vol. 4903

83

1 7. Giavelli S, Fava G, Castronuovo G, Spinoglio L, Galanti A. Low-1eve laser therapy in geriatric osteoarticular disorders.
Radiol Med (Torino) 1998; 95(4):303-9.
I 8. Longo L, Simunovic Z, Postiglione Marco, Postiglione Mariano. Laser Therapy for Fibromyositic Rheumatisms. J Clin
Laser Med Surg 1997; 15(5):217-20.
I 9. Bertolucci LE, Grey T. Clinical comparative study of microcurrent electrical stimu'ation to mid-laser and placebo treatment
in degenerativejoint disease ofthe temporo-mandibularjoint. Cranio 1995; 13(2):116-20.
20. Bertolucci LE, Grey T. Clinical analysis of mid-laser versus placebo treatment of arthralgic TMJ degenerative joints. Cranio
1995; 13(l):26-9.
21 . Martin M J, Santana JR. Valoracion eficacia terapeutica del laser de baja potencia frente al laser placebo en el tratamiento
de Ia epicondilitis aguda. Boletin S.E.L.M.Q. 1994; 4:9-11.
22. Bilotta TW, Osti R, Marchi MD, Agnelli MA, Caravita C, Beverelli MP, Maggi G, Vicenzi G, Vaccari V, Ponziani L,
Impallomeni C. 11 Laser C02 nel trattamento incruento di alcune patologie ortopediche. Laser News 1990; 3(2): 1 1 -14,.
23. Bazzocchi G. Therapeutic Applications and Results of C02 Laser. Atti della Fondazione Giorgio Ronchi. Anno XXXIV
1979; (45):421-27.
24. Pesare I, Zulu F. L'utilizzo della mesoterapia e del laser di potenza (Nd:YAG) nell'atleta affetto da lesione del tendine
d'achille. Atti del congresso nazionale A.N.S.M.S 2000; 295-299.
25. Lubich T, Mondardini P, Verardi L, Kanellopulu S, Zoratti M. Impiego del laser di potenza nel trattamento precoce e nel
recupero funzionale dellatleta infortunato. Medicina dello Sport 1997; 50:71-83.
26. Parra PF, Ghinassi 5, Ciuti F. II Neodimio-YAG defocalizzato nella sua evoluzione per un trattamento sempre pii efficace
dell'atleta infortunato. Laser & Technology 1992; 2(l):13-16.
27. Parra PF. Nuova metodologia laser per il recupero rapido delI'atleta infortunato: II Neodimio-YAG defocalizzato ad alta
potenza. LaserNews 1990; 2(3):27-30.

28. Pacini F, Arispici M, Di Iorio C, Parra PF. Laser ad alta energia tipo Neodimio YAG defocalizzato: valutazione
sperimentale del potere di penetrazione tissutale. Atti del XLVII Congresso Nazionale del S.I.S.Vet. Riccione, Italia 1993.
29. Orchardson R, Peacock J M, Whitters J C. Effect of Pulsed Nd:YAG laser Radiation on Action Potential Condution in
Isolated Mammalian Spinal Nerves. Lasers Surg Med 1997; 21:142-48.

30. Barberis G, Gamron 5, Acevedo G, Cadile I, Jun H, Campana V, Castel A, Onetti CM, Palma JA. In vitro synthesis of
prostaglandin E2 by synovial tissue after helium-neon laser radiation in rheumatoid arthritis. J Clin Laser Med Surg 1996;
14(4): 175-7.

31. Hamm D, Turchi P, Johnson JC, Lockwood PW, Thompson KC, Katz T. Determination of an effective dose of eltenac and
its comparison with that of flunixin meglumine in horses after experimentally induced carpitis. AJVR 1997; 58:298-302.
32. Ahlback 5, Bauer GC, Bohne WH. Spontaneous osteonecrosis of the knee. Arthritis Rheum 1968;l 1(6):705-33.
33. Lopez-Calderon A, Soto L, Martin Al. Chronic inflammation inhibits GH secretion and alters the serum insulin-like growth
factor system in rats. Life Sci 1999; 65(20):2049-60.

84

Proc. of SPIE Vol. 4903

