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ABSTRACT

The ultrasonographic evolution of tendinous repair envisages the recovery of ecogenicity: "reparative phase", followed by
the realignment of the collagen fibres: "rehabilitative phase".
The primary objective was to verify the safety and efficacy of Nd:YAG pulsed wave on teno- desmopathies of horses.
Secondary to shorten "reparative phase" for to provide more time for "rehabilitative phase".
The study has been divided into two investigations: experimental and clinical. In the experimental investigation, on 3 meat
horses, the safety and tolerance ofa power laser (35 W/cm2, 25 JIcm2) was investigated.
The clinical investigation was performed on 79 sport horses through randomized double-blind.
All subjects (Controls and Treated) received, on the subskin above the tendon lesion, the same local infiltration of
irnmunostimulant.
The results indicates that the High Intensity Laser Therapy ( HILT) is safe and tolerated. It is able of reducing, in
significative way, the "reparative phase", with a lower percentage of relapse (29% Treated and 40% Controls), but it is not
able to reduce the time of the "rehabilitative phase".
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1. INTRODUCTION

Tenodesmic pathologies are rather frequent in the horse and are characterized by very long healing times, usually ranging
between 8 and 12 months, as well as by a high percentage ofrelapses. The success ofprognosis may range between 20 and
90% (Reef 1999)16. In order to minimize the risk ofrelapse, a careful evaluation ofthe causes and compliance with expected
times are necessary. Since these times cannot be easily identified and are rarely complied with, an investigation is required
regarding targeted methods specifically aimed at reducing these times. Based on the remarks expressed by several authors
(Pesare et al. 2OOO'; Reddy GK et al. 199815; Lubich et al. 199710; Pacini et al. 1993 ' ') we have deemed it appropriate to
assess the use of the power laser in the treatment of chronic sub-acute tenodesmopathies in the horse as a therapy supporting
the traditional basic treatment.
In this study, we tested the High Intensity Laser Therapy (HILT) instead of the Low Level Laser Therpy: (LLLT). LLLT
requires the use of medium-low power equipment (< 1 Watt) with red and close to infrared wavelengths (600 —900 urn). In
this spectrum, the laser beam is partially absorbed by natural chromophores, such as melanin, and is therefore spread to a
lesser extent. On the contrary, our study was based on the use of the Nd:YAG power laser (6 watt), with a 1064 nm
wavelength, which has no indigenous chromophore. This laser releases very high power peaks (1000 Watt) over very short
times (200 t Sec), lower than the thermal release time of the tissue; this helps avoiding the heating of the involved part
(Birch-HL et al. 1997)2 as happens with the use of a continuous Nd:YAG laser.
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As a basic treatment we administered an immunostimulating drug subcutaneously in the site of the tenodesmic lesion.
The purpose of our work was to assess both the safety of the power laser in the treatment of horse tenodesmopathies and to
verify the clinical effectiveness of the power laser as a support to traditional therapies.

2. MATERIALS AND METHODS

Our study was subdivided into two different surveys: an experimental and a clinical survey.

2.1 Experimental Survey

This investigation was carried out on three adult female horses, two of which had been trotters, while one was an Haflinger
horse. These subjects were preliminarily examined and then bilateral tenitis was induced in the Superficial Digital Flexor
Tendon (SDFT) of the anterior limbs of the three horses with 0.5 ml of Freund's complete adjuvant (Hamm et al. 1997)6.
The left anterior limb of each subject was then treated with pulsed Nd:YAG laser (6 Watt), while the contralateral was
treated with laser-sham (HeNe 1 mWatt) and was therefore used as a control.
The protocol included the following action:
TIO : clinical examination and ultrasonographies of both anterior limbs. Sedation, trichotomy and surgical preparation of the
part. Intratendinous inoculation in the third SDFT medium of 0.5 ml of Freund's complete adjuvant. Systemic antibiotic
coverage for six days.
T/1 , after 7 days from T/O: ultrasonographical control and beginning ofNd:YAG and laser-sham treatments.
At T/2, T/3 and T/4, at one-week intervals between one another, clinical examination and ultrasonography.
The three weeks totalled 1 5 laser sessions for each horse and on each limb.
Laser treatment was carried out with manual scan in each session over an average surface of 21 sq.cm. with the three
different levels of energy indicated in Table 1.

2.2 Clinical Survey

In the table 2 is indicated the protocol of clinical survey.

2.2.1 Studied population and Inclusion - exclusion criteria

Double-blind randomized study on 80 sports horses. One subject did not conclude the experiment, therefore we should
actually consider 79 subjects. Essential prerequisite for entry into the trial was the consent of the owners of the animals to
experimentation. The subjects selected had sub-acute or chronic tendinous or ligament lesions at the superficial (SDFT) and
deep digital flexor tendon (DDFT), suspensory ligament of fetlock (SLF) and carpal bridle (CB), only regarding the
subregion of the tendons corresponding to the metacarpal-tarsal palmar region. Subjects who had been locally infiltrated
with glucocorticoids in the three weeks before the study and the subject with abnormalities in the mechanics of movement
or in the posture that were such as to present the risk of relapse were not included in the study.
Eighty subjects were selected and assigned to two groups:
- "laser-effective", laser Nd:YAG (6 Watt) pulsed laser, laser He_Ne (lmWatt) and local immuno-stimulation;
- "laser-sham", only laser He_Ne (1 mWatt) laser and local immuno-stimulation.

2.3 Laser Device

In both protocols, the experimental and field protocols, a 1064 nm pulsed Nd:YAG laser was used with an average power of
6 watt by Deka MELA El.En. group from Calenzano, Florence (Italy). Three different levels of energy were issued during
each laser session (see Table 1). This was done with manual scan, a scan speed of5 cm!Sec, a permanence of6O" every 15
cm2 per energy level, and therefore 180" every 15 cm2; considering that the treated areas were of about 30 cm2 on average
and they were treated for an average application time of 6'.
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SPOTcmO,5 &=O,19cm2

Energy Frequency Power Mean Intensity

Levels

I 10 mJ 29 Hz 3,2 Watt 16,84 W/cm2

I 30 mJ 33 Hz 4,2 Watt 22, 1 0 W/cm2

l5OmJ 40Hz 6Watt 31,57W/cm2

laser Nd:YAG pulsed DEKA M.E.L.A. - Italy

Table 1 : different levels of energy issued during each laser session in the experimental and clinical study

For the purposes of this experiment, the laser equipment was provided with a dedicated software.
The random choice for assignment to either groups was canied out directly by the software, regardless of the will of the
operator. Each subject selected was attributed an identification number (ID). Upon starting up, the equipment required that
the operator should type the ID in and then was automatically started either as an "laser-effective" or as a "laser-sham" .In
both cases, the red tracer was always present (He_Ne). The Nd:YAG is invisible. In order to obtain the operator's
"blindness", the equipment was provided with an air supply valve at room temperature capable of dissipating any possible
thermal increase due to the Nd:YAG. At the end of experimentation (80 ID), the equipment provided a list of laser-effective
patients with the indication "effective" or "sham".
The software was set so as to distribute 80% of subjects in the "laser effective" group and 20% in the "laser-sham" group.
Thus, over 80 selected subjects, we obtained 65 "laser effective" and 15 "laser-sham" subjects. One "laser effective"
abandoned therapy, so we had 64 and 15 subjects.
Electronic distribution was done by keeping some parameters into consideration, such as age, attitude, and type of lesion, so
as to obtain two homogeneous groups.

step time clinical
examination

injiection
immunostimulation
(Parapoxvirus ovis'

ultrasonography tricotomy
skin

disinfection

TI-i I week before
treatment yes yes yes yes yes

TIO start treatment yes not not yes not

TIi endofistweek yes not not yes not

T12 endof2stweek yes not not yes not

T13 end of 3st week yes not yes yes not

T14 endof4stweek yes not not yes not

T15 end of 5st week yes not not yes not

T16 end of 6st week yes yes yes yes yes

TI7
Follow Up end of

0st week yes not yes yes not

T18
Follow Up end of

8st week yes not yes yes not
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2.4 Drug administrated

At T/- 1 and T/6 we have administred, sucutaneous inoculation, a dose of immuno-stimulating agent (Parapoxvirus ovis by
Bayer - Baypamune®) in the site ofthe tendinous lesion.
During the administration oftherapy, the subject was kept in constant movement (walking), as suggested by Reef (1999)16.

2.5 Ultrasonography device

Ultrasonography investigation was carried out with a Concept 2000 machine produced by Dynamic Imaging.
A 7.5 MHz linear probe provided with a Proxon meniscus was used. The images were digitalized, acquired on a Pc by
means ofa mirèVideo DC 30®. video acquisition card and filed with Microsoft Access®.
The type ofultrasound lesion was classified according to Souchon et al. (1988)21.
As regards the ultrasongraphical monitoring ofthe tissue repair trend, we planned 5 evolution stages:
- zero: no improvement;
- one: 50% increase lesion ecogenicity;
- two: 50% reduction ofthe damaged area according to crown and sagittal diameters;
- three: minimum 80% increase of lesion ecogenicity, highlighting of intertwined fibres;
- four: recovery of ecogenicity, the fibres start to be aligned.

2.6 Analysis of dates

We transformed our clinical evaluation into numerical parameters according to a 0-4 scale, and then we drew up an
electronic sheet with these values by using Microsoft Excel, where we later introduced the data regarding:
- horse: age; owner; coat; skin (0 -3); horse centre oforigin; dates; limb involved;
- attitude: trot; gallop; racing; dressage; saddle; reining;
- type oflesion: SDFT; SLF; DDFT; anterior ligament an; carpal bridle (CB); severity (0 -4); sub-acute; chronic; U.S. (0

- 4);
- relapse ('ifany): SDFT; DDFT; SLF;
- type oftreatment: treatment days; laser number;
- therapeutic evolution: limp (0-4), analgetic reflex at digital pressure (0-4), U.S. (0-4);
- therapeutic outcome: effectiveness (0-4); percentage ofreturn to sports activity; months before return to sports activity.
The data were therefore statistically processed by using Student's T Test.

3. RESULTS

3.1 Experimental Survey

The examination carried out at T/1, one week after bilateral intratendinous infiltration, showed a tumefaction at the third
medium in the two former trotters and a tumefaction also extended to the proximal and distal thirds in the Haflinger horse.
The POE of the locomotion system showed a light limp at trot, which could be classified as a 1st grade limp (Stashak,
1 990)20. The part was warm and swollen at digital pressure.
Ultrasonography showed some anechogenous focal areas, whose size was similar to that of a grain of rice, corresponding to
the phlogistic induction site, and an increase in peritendinous ecogenicity. According to Souchon's classification, this picture
was classified as type 2 and 3. The clinical and ultrasonographical picture was considered homogeneous in the two former
trotters, while the Haflinger horse showed a greater reaction with an increased synovial liquid and subcutaneous tumefaction
compared to the other two horses.
At T/1 , the treated limb was colder, less oedematous and more easily touchable compared to the contralateral limb (control);
analgetic reflex at digital pressure had disappeared, while it was still observed in the contralateral. The Haflinger horse was
still showing a greater tumefaction compared to the other two horses and a greater sensitivity upon palpation.
Ultrasonographical control at T/2 showed a slight difference in the crown diameters between laser-effective and laser-sham
subjects.
At T/3, all the three limbs of the laser-effective subjects showed a further reduction of the tumefaction, a better elasticity of
the part and a reduced sensitivity upon palpation. Compared to the other two horses, the Haflinger horse showed a generally
worse clinical picture.
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At T/4, the best clinical improvement appeared to be gradual and continuous, even if the clinical picture was worse in the
Haflinger horse compared to the other two horses.
Ultrasonographic "laser-sham" at T13 and T/4 were similar, showing a greater ecogenicity of the treated tendon in the
Haflinger horse. The ultrasonographies of all the three subjects showed the following in laser-effective subjects: a
transversal-diameter reduction of the focus, a 5% reduction of crown diameters in the SDFT, a better definition of the
visceral and parietal faces of the SDFT towards the DDFT and the sheath.

3.2 Clinical Survey

At T/l, we observed no significant differences between the two groups.
T/2 laser-effective: a high analgetic effect was shown, assessed by means of digito-digital palpation, already after the third
application.
At high frequencies (33-40 Hz), we observed a considerable antioedemigenous and decongestant effect with a

Tendon or

ligament

Number of

lesions
Relapse % ofTot

Relapse

% ofTot % of lesions

).

SDFT 35 O 55% 16% 29%

DDFT 3 1 5% 2% 33%

SLF 25 7 38% 11% 28%

CB I o 2% 0% 0%

Tot 64 18 100% 29%

c-
)

SDFT 7 3 47% 20% 43%

DDFT 3 1

_____
20% 7% 33%

SLF 5 2 33% 13% 40%

CB 0 0 0% 0% 0%

Tot 15 6 100% 40%

consequent pain relief. The spontaneous oedema that had appeared as a consequence of the tendinous pathology showed a
tendency to be reformed within a few hours, while the pharmacologically-induced oedema was rapidly re-absorbed. After
daily sessions the spontaneous oedema was reduced progressively until it disappeared in a maximum period of one week
from the beginning of therapy administration.
In the case of considerably pigmented skins, a greater increase in temperature was observed compared to lighter colour
skins; this phenomenon induced a light rebound effect in some acute and sub-acute lesions.
T/2 laser-sham: the analgetic reflex remained upon digito-digital palpation. The oedema was doughy and persistent.
A positive digital-pressure response was rarely observed in laser subjects at T/2, while pain response was a common finding
in "sham" or "laser sham" subjects, which began to show a negative pain response only around T13, T14.
As regards limpness, which was assessed according to Stashak's grades, we refer to the graph shown in Figure 1, where the
limp trend over time (T/0 — T16) is compared between the two groups. Limpness was halved in laser-effective subjects at
T/2, while the same effect was shown at T/4 in "laser-sham" subjects.
Laser-effective subjects did not show reluctance to walking already at T/2.
Laser-sham subjects had more variable pain and limp compared to the laser-effective group, and these disturbances largely
depended on the magnitude and onset time of the lesion.
At T/4, an increase in ecogenicity was observed, together with a reduction of at least 50% in the crown diameter of the
ongoing lesion. At T/4, ultrasonography findings showed a reduction of any fibrotic portions, adherence laciniae and
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mineralized foci, which can be found on the sheath of the FSL branches during chronic phiogosis. Figures 4a/1 and 4a/2

0

50%0
0

Fig. I : the limp trend between the two groups

Fig 2: comparision among relapse and months of therapy

E

r— -÷- months oftherapy U- relapse

show that the crown-shaped mineralization of the matrix of the FSL lateral branch tends to be reduced almost completely
after three weeks of therapy.
T/6 : homogeneous ultrasonographic resolution of laser-effective and laser-sham lesions was obtained at T16 in laser-
effective and at T18 in laser-sham subjects (fig. 7); the statistical analysis of the difference between the two groups as to the
days needed to obtain a similar ultrasound resolution was shown to be highly significant (p<O,0004).
At T/6, 95% ofthe laser-effective subjects had recovered 90% ofthe lesion ecogenicity (see Fig. 3, 4b, 5). However, almost
all the treated subjects commonly show the presence ofirregularly located collagen fibrils (fig 5).
In Fig. 4b/l, 4b/2 9 and 5 you can see two trotters showing the ultrasound recovery times oftwo severe lesions ofthe SDFT
(Fig. 5) and Lateral Branch of the SLF (Fig. 4b), respectively. The subject with a lesion of the SDFT started sports activities
again two months after ultrasound resolution and had a relapse at the parietal face of the SDFT (Fig. 6). The subject with a
lesion at the FSL recovered its capability to do sports about four months after ultrasound resolution, with optimal sports
results.
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Fig 3 "laser effective". On the top, time zero (T/O) SDFT with a wide lesion in the profond face: on the left, coronal
section, and on the right sagittal section.
At the bottom ultrasonography control on the 6th weeks with 30 laser treatments (T =treatment). On the left coronal section
and on the right sagittal section.
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Fig. 4 "laser effective". Fig. 4 a/i, on the top (picture on the left) SLF lateral branch with crown-shaped mineralization of the matrix. Fig.
4 a12 (picture on the rigt) control after three weeks of treatment.
Fig. 4 b/I on the bottom (picture on the left) T/O of SLF lateral branch with wide lesion. Fig. 4 b/2 (picture on the rigt) control after 30

laser treatments (T = treatment).
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Fig 5 "laser effective": on the top (left side) TIO of SDFT in coronal section, on the top (right side) T/O in sagittal section.
On the bottom (left side) control in coronal section after 4 weeks with 20 treatments (T = treatment), on the right sagittal
section. This is a coral lesion.
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Fig. 6 "laser effective". Relapse of the horse in Fig. 5.On the top SDFT after 8 weeks (ca) from the end of laser treatment.
In the left coronal section and in the right sagittal section. On the bottom relapse after 11 weeks (ca) from the end of laser
treatment
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Fig 7 "laser sham". Coral lesions of SDFT. On the top T/O: (left side) coronal section and (right side) sagittal section.
On the bottom control on the 16Th week.
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Table 3 shows the percentage of relapses in laser-effective subjects: 29% against 40% in laser-shams. Furthermore, this
table shows the correlation between the relapse and the injured part, and the relapses expressed both with respect to the total
population and to each body part (SDFT, DDFT, SLF).
Nine over 42 lesions ofthe SDFT, including both groups, were shown to be coral lesions; all these 9 subjects had relapses.
The mean regarding the months relapsed before restarting of sports activities was also shown to be similar in the two
groups: 5.02 months for laser-effective and 5.6 for laser-sham subjects.
The graph shown in Fig. 2 indicates the correlation between the return to sports activity (expressed in months) and the
relapse percentage.

4. DISCUSSION

The experimental survey showed that the Nd:YAG laser used at the values shown in Table 1 and for the described times is
well-tolerated and safe, including when used on very pigmented skins. In these subjects, melanin absorbs the light and the
tissue tends to warni up. This process is dangerous and may have adverse effects as induction superficial burns and deep
lesions (Birch-HL et al. 1997)2. In addition it also modifies the optical features of the skin, preventing the beam from
spreading thoroughly through the tissues.
As regards ultrasound findings, the greater ecogenicity was obtained in the Haflinger horse that had developed the most
marked inflammatory reaction. This finding confirming the important role played by the immune component in the tissue
repair process (Heemskerk et al. 19998; Hattori et al. 1999; Shaffer et al. 199918; Beauloye et al. 1999'; Lopez-Calderon et
al. l999; Shaffer et al. l998'; Di Pietro et al. l995).
This justifies the use of revulsive substances in the treatment of sub-acute and chronic tenodesmic pathologies, as they may
induce large skin and subcutaneous lesions. In this study we preferred the local immunostimulation drug to revulsive drug
for two reasons: induces a tissue increment of IL-2, and not of the other phiogogen cytokines, which is responsible for the
"outburst" of T lymphocyte response that modulates the repair process and because it does not alter the optical features of
the skin.
These elements provide the reason for the exclusion of the horses who had received local glucocorticoid infiltrations in the
three weeks preceding laser treatment from our experimentation. Beauloye et.al. (1999)I observed that desametazone blocks
the expression of GH membrane receptors; in this regard, this author recalls the role of tissue homeostasis between
phlogogen cytokines and anabolic cytokines (Heemskerk et al. 19998; Hattori et al. 1999).
The following interesting observations emerged from our clinical survey and are worthwhile considering for reflection:
- the highly significant difference (p<O,004) between the two groups as to the number of days needed to obtain

ultrasound resolution of the lesion;
- the fibrotic effect of the laser during mineralization or in the presence of adherence laciniae;
- the comparison of limpness between the two groups.
The most significant data consist in the fact that the laser was shown to be capable of reducing considerably —from 1/2 to
2/3 — the ultrasound resolution time for the tendinous and ligament lesion, particularly in the lesions of the SDFT and SLF,
while it appeared to be less effective on the lesions ofthe DDFT. In all laser-effective subjects, the ecogenicity ofboth sub-
acute and chronic lesions was recovered by about 90% within six — eight weeks of treatment.
From the morphologic point of view, the evolution of tissue repair includes ultrasound resolution, a recovery of ecogenicity
and the re-alignment of collagen fibres. The first phase can be called "repair phase", while the second is called
"rehabilitation phase". In the former phase, the subject should undergo light workloads, during the first 5 —9 months of
therapy, while in the rehabilitation phase, which should last for about 3 more months, increasing workloads may be applied,
thus favouring correct fiber re-alignment.
This condition is necessary to allow the matrix to recover its physiological structure and recover elasticity and the typical
tensile capacity of the part. Furthermore, the horse should recover its athletic functions, the tone and elasticity of the
muscles needed to have the muscles absorb the considerable stress developed at high pace instead of discharging this stress
onto the tendons. One of the most common mistakes is to consider a subject healed at the end of the repair phase and start
sports activity again without the appropriate physical rehabilitation phase.
The findings of our surveys did not show any different between the two groups as regards the time to return to sports (about
5 months). Unfortunately in Italy both race horse owners and trainers are unwilling to wait for more than five months. This
is clearly in contrast with the data shown at 8 and 13 months by Reef et al. (1999)16.
Therefore, reducing therapy to only five months is a main obstacle to rehabilitation. All this may explain the high
percentage of relapses (40%) in laser-sham subjects and the smaller percentage in laser-effective subjects (29%). Since
these subjects have had an early ultrasound resolution, they had more time to devote to the rehabilitation phase.
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Another confirmation to all the statements above comes from the analysis of the data, and precisely from observing the
graph shown in Figure 2, which shows that relapses increase dangerously when the therapy period is reduced and the
threshold seems exactly to be around five months.
Undoubtedly, mentioning incorrect rehabilitation as the only cause that accounts for the frequent relapses observed is a
limited view of the matter, as there often are many more factors affecting this result. In particular, we should consider the
defects in the biomechanics of movement type of horseshoes, type of organ damaged (SDFT, DDFT, SLF, CB), features of
the lesion, sports activities, age. Assessing these parameters does not fall within the field of competence of this present
study; instead, we have collected data regarding the injured organ and the characteristics of the lesion, then we have
correlated these data with relapses in order to try to understand whether the laser was capable of modulating the
phenomenon or not.
The data showed that the probability for a tendon to be damaged by a lesion follows homogeneous percentages in the two
groups as regards SDFT (55% in laser-effective and 47% in laser-sham), SLF (39% and 33%) and DDFT (5% - 20%),
which confirms that these organs undergo different workloads that predispose them to a different extent of lesion, and
therefore relapse. It is also interesting to note that the distribution of the lesions is homogeneous between the two groups
(SDFT > SLF > DDFT), but not in relapses, where we have:
- laser-effective: 29% (SDFT), 33% (DDFT), 28% (SLF) => DDFT > SDFT > SLF
- laser-sham: 43% (SDFT), 33% (DDFT), 40% (SLF) > SDFT > SLF > DDFT
These findings, in our opinion, are very interesting and provide evidence about how the laser is probably more effective on
the SDFT and SLF branches rather than on the DDFT. The fact that the laser seems not to be able to appropriately
"stimulate" the DDFT, suggests that there is a direct correlation between the biological response to laser stimulation and the
depth ofthe tissue to be treated.
It is also interesting to note the finding regarding coral lesions of the SDFT. In our study the subjects (six) suffering from
this pathology had relapses in spite of the excellent ultrasound resolution they had shown (Fig. 5). In this regard, some
authors (Smith et. a!. l999'; Birch-HL et al. l999) described a variation in the type of collagen of the tendinous core in
particular stress conditions, with a reduction of functionality that favoured relapses (Birch-HL et al. l998; Patterson-Kane-
Jc et al. 199813 e 199712).
Ultrasound findings (Fig. 4/al and 4/a2) confirmed previous findings regarding the fibrolytic capacity of the power laser on
adherence laciniae and calcific or mineralized deposits.
As far as the antalgic, antioedemigenous and anti-inflammatory effect is concerned, we have seen that this appears early
within a few treatment sessions, from three to a maximum of ten, so much so that most laser-effective subjects show a sharp
clinical improvement after the first ten sessions: limpness disappears, the tumefaction is minimal, the part is cold, without
pain and easily palpable.
The analysis of the data regarding this phase shows that the laser can reduce limpness in the horse by 50% in half the time
compared to laser-sham subjects (Fig. 1).
In conclusion, we can state that the association between an immuno-stimulating agent and power laser considerably reduced
the amount of time necessary to obtain ultrasound resolution of the tendon and ligament lesion, as well as to antagonize the
possible fibrotic evolution, even though it does not affect correct re-alignment of collagen fibres. Therefore, the power laser
can be used successfully on the subjects that do not have any cause predisposing to relapse and provided that an appropriate
period oftime is devoted to physical rehabilitation.
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