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ABSTRACT

Tendon repair is still a challenge for rehabilitati. Various treatments for tendon injuries are emtty used or
have been trialed. This study was establisheduestigate the effects of low level laser theragy () or platelet-
rich plasma (PRP) treatment alone or using combimexthod on the healing of Achilles tendon. Twenty-male
white New Zealand rabbits were divided randomly ifttur groups of six animals each: GI. partial téomy with
no treatment, only 1 ml normal saline was injectegekly for 3 weeks consecutive at the site oftisgljt Gll:
partial tenotomy with PRP treatment; GlII: partig#gnotomy with LLLT (P= 100 mW, WL= 650 nm, A= fci=
1min) for 15 consecutive days; GIV: partial tenoyomith LLLT + PRP. Histopathological parameters kuas
inflammatory reactions, adhesion formation and @géin synthesiwere measured. In the present study, the results
showed that the treatment of rabbits with PRP ot Tlalone has significant advantages over untreatenals
(P<0.05). Furthermore, it was found that the condartreatment with PRP and LLLT is even more efftciban
when each of the two treatments is used aloneharetwas no significant difference (P>0.05) betwéss two
groups of laser and PRP. However, the treatmenishining PRP and LLLT showed significant results Qs).
Our results demonstrate a decrease in the timeenfldn regeneration by using the two therapies coethi
accelerating the healing process.

Keywords: Low level laser therapy, Platelet-rich plasma, ikeb tendon, histopathology, Rabbit.

INTRODUCTION

Tendon healing of acute injuries occurs in threges: inflammation, proliferation and remodelingiring the first
stage, fibroblasts migrate to the injured sitethiln second one, the proliferative stage, fibroblastrease in number
and synthesize collagen. The last step involvdsacel capillary number reduction and collagen fbegalignment

[1].
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Connective tissue injuries, specifically tendoruigj may require long-term rehabilitation. Althoutite early soft
tissue healing phase requires seven to ten dayglete tendon healing can take several weeks othraga].

Tendon matrix is rich in collagens, such as typesnd Il collagens. Type | collagen is responsifie the
mechanical strength of the tendon tissue and tym®llagen has an important role in the healingoass [3].

Type | collagen is the primary collagen incorpodaite the tendon structure, and increasing the prtiolu of type |
collagen may enhance tendon healing [4].

Recently, a variety of treatments for Achilles tendesions is used or has been trialed. Howeveretis little
evidence that any conventional therapies are éffact

In the last years, low level laser therapy (LLLTdaplatelet-rich plasma (PRP) have been used Hopedics,
traumatology, and sports medicine showing intemgstesults in modulation of Achilles tendon rep&owever,
optimal parameters and mechanisms behind thesgt#ee not fully understood [5].

A series of studies have demonstrated that LLLEfisctive at reducing post injury inflammatory pesses and
accelerating soft tissue healing. LLLT at the deHlulevel produces increased ATP synthesis, inetas
mitochondrial respiration, and increased productbmolecular oxygen, thus stimulating DNA syntiseand cell
proliferation. LLLT can accelerate the healing mse of tendinous tissue after injury. LLLT seemgrate new
blood vessels, to increase collagen fiber depasitimd to promote higher fibroblast cell prolifévatin the site of
the lesion [6].

On the other hand recently, PRP, an autologousectdrate of blood platelets, has been introduced pgssible
new therapy for the treatment of tendon Injurilgtelets are known to play a crucial role in theaade of tissue
healing by delivering growth factors to the sitaérgérry [7].

Upon activation, platelets release growth factstssh as platelet-derived growth factor (PDGF), gfamming
growth factor (TGF)-b, vascular endothelial grovilctor (VEGF), and insulin-like growth factor (IGE) from
their a-granules [8]. PRP treatment in tendon lesicesults in better biochemical, mechanical, aistblogical
properties of the repair tissue [9].

The aim of this study was to investigate the effeaft LLLT (A = 650nm) and PRP alone and using combined
method on the healing of Achilles tendon. The sequantitative assessment will be carried out aintingnalyze
the presence inflammatory reactions, adhesion fitomand collagen synthesisthe histological slides.

MATERIALS AND METHODS

All rabbits of the present research were cared rdng to the norms of the Islamic Azad Universitpliége of
Specialized Veterinary Sciences, Tehran, Iran, riiooy of animal experimentations; this investigatiwas
approved by the Committee of Ethics in Research #itimals in Islamic Azad University.

This study was conducted with 24 healthy adult nvetdite New Zealand rabbits (20 week-old) with bodgight
varying between 2.5 to 3.5 kg. The animals were kegour standard cages under constant room teayner of
18-22°C, relative humidity of 40-50%, 12h/12h liglrk cycle, withad libitum access to filtered tap water and
standardized food (ration for rodents).

Experimental groups

The animals were allocated randomly into four ekpental groups of six rabbits each:

Gl: animals submitted to partial tenotomy with naatreent. Only 1 ml normal saline was injected wedkly 3
weeks consecutive at the site of splitting;

Gll: animals submitted to partial tenotomy with injentof 1ml PRP weekly for 3 weeks consecutive atstie of
splitting;
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GlIl: animals submitted to partial tenotomy with LLT €100 mW, WL= 650 nm, A = 1¢nT = 1min) for 15
consecutive days;

GIV: animals submitted to partial tenotomy with LLTPRP (in the same way).

Anesthesia
The animals were anesthetized with ketamine hydooicle 10% (35 mg/kg) and xylazine hydrochloride 286
mg/kg) via intramuscular injection. For the mairgeoe inhalation machine and isoflurane were used.

Surgical procedures

After shaving and cleaning the skin nearby, thétri§gchilles tendon of each rabbit was freed fromraunding
tissue, sharply, longitudinally and full-thicknesscerated midway between its calcaneal insertiod &re
musculotendinous junction 10 times with number lLiigsry blade. Then Subcutaneous tissue sutured 4aith
absorbable sutures (vicryl) and skin closed with Ben-absorbable suture materials (nylon). Afteigsty, the
animals were kept in four standard cages undertaphsoom temperature of 18-22°C, relative humidity40—
50%, 12h/12h light/dark cycle, withd libitum access to filtered tap water and standardized fgaton for
rodents).

Postoperative considerations like using analgesimsd (tramadol) and antibiotics (Enrofloxacin 10/kgg SC,
Pantrisol 30 mg/kg IM) redirected to prevent infestin animals. After 60 days, the rabbits werehantzed and
tissue samples were used for histopathologicalystud

PRP preparation

Animals from Gll and GIV after being anesthetizedrg/subjected to a puncture of the central auni@arkzry, and
then 10 ml of blood was removed from each animalBP preparation. It is suggested in the litematbhat the
amount of blood withdrawn should be not more thai¥&of the animal body weight [10]. Most of the foreols for
PRP production used a small fraction of blood (0.8-ml). This blood is first subjected to a 15-roemtrifugation
at 2000 rpm, followed by another 20min at 3000 rpn®% calcium chloride activator was added in &raf 1:10
for obtaining the total volume of PRP. Platelet misuwere performed to calculate the PRP concentreltech
should be around 400% of the peripheral blood [@atount [11]. The platelet concentrate was st@e20°C until
the exact time for use at the surgical site.

PRP treatment

The animal in Gll and GIV received treatment wiRF? Each animal received a single dose of 1ml thré@ato the
surgical site, on top of the tenotomy. The appiicabf PRP was performed immediately after injuefdse suturing
the lesion and was repeated weekly for 3 weeksemutive at the site of splitting.

Laser therapy

We used low level laser device with 650 nm wavelleni00 mW average power, and A = fcirl LT was started
immediately after surgery and skin suturing andtiomed for 15 consecutive days. Treatments wereentlacugh
the contact technique, at one point for 60 secoadshe injured area. All the procedures were edrout in a
stipulated period of the day. During the treatmeimtadiated animals were sedated by 1/2 dose e$thetizing
drugs and they were kept in a special containem fwghich their forelimbs and hind limbs were exteshdzy
extension at the knee joints and plantar exterisitine ankle joints.

Histological analysis

Sixty days after surgery, each rabbit was euthanizith an intracardiac injection of anesthetic smdlithiopental
(crystal) at a dose of 0.05 mL per 100 g body weifgiowed by 19.1% potassium chloride via intnaiac, with a
single dose of 0.4 mL per 100 g body weight. Attenfirmation of euthanasia by verification of vidta and
absence of reflexes, Achilles tendon was transelsédolw its musculotendinous junction and abovecikaneal
attachment. The extracted tendon was washed isigdbgical solution and then fixed using 10% forimaland
embedded in paraffin, in preparation for histophifizal analysis. Thin sections (5 pm) were cut stadned using
hematoxylin-eosin (HE). Under light microscopy, Elds were randomly chosen for each stained section
Inflammatory reactions, adhesion formation andagdh synthesis were analyzed and quantified tHewflg
histological findings. The data from the means waralyzed according to their grade: InflammatiomNo
Inflammation=0, Mild Inflammation=+1, Intermediateflammation=+2, Severe Inflammation= +3; Arrangeine
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of collagen fibers: Complete regularity=+0, Mildgtéarity=+1, Intermediate regularity =+2, Woven dies=+3;
Adhesion formation; No Adhesion=0, Mild Adhesions+itermediate Adhesion=+2, Severe Adhesion=+3.

Statistical analysis

The data obtained from the histopathological ansiy&re subjected to statistical treatment. Thewag analyses
of variance followed by the Tukey post-hoc testavemployed to analyze four groups consecutivelystaltistical
tests were performed at a significance leveP<®.05.

RESULTS AND DISCUSSION

The surgical procedure, PRP treatment and the ksgication were well tolerated by the rabbits aedanimal
died during the experiment. There was no sign f&fcition and/or suture dehiscence in operated mbbit

The scores of tendon histological changes from fgaups, 60 days after creating the injury, atsstliated in table

1. The results showed that the treatment of rabbita PRP or LLLT alone has significant advantageer
untreated animalsPk0.05), but there was no significant differen&>@.05) between the LLLT group and PRP
group. Furthermore, it was found that the combimmedtment with PRP and LLLT is even more efficié®t0.05)
than when each of the two treatments is used akigare 1 shows histological analysis using the Hemadin and
eosin sections of Achilleendons with partial rupture showing the preserfceotlagen fibers, which are thin and
red. Collagen fibers were more frequent in alltedagroups than in the untreated control grouphBpbups that
associated LLLTand PRP treatments presented higher proliferafidibrmblasts and fibers arrangement (Figures 2,
3). Additionally, LLT + PRP group showed higher fifieration of fibroblasts and fibers arrangemerarttPRP or
laser alone (Figures 4). However, no difference feaad between PRP and laser groups.
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Figure 1: Cross section from the Achilles tendon wh partial rupture after 60 days; (A) control group: (B) Note the higher magnification

with low proliferation of the fibroblasts (arrows) and less regular arrangement of collagen fibers, wh are thin and red. Hematoxylin
and eosin staining, A: 100x; B: 400x
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Figure 2: Cross section from the Achilles tendon wh partial rupture after 60 days; (C) Laser treated group: (D) Note the higher
magnification with highly proliferation of the fibr oblasts (arrows) and regular arrangement of collagefibers, which are thick and red.
Hematoxylin and eosin staining, C: 100x%; D: 400x

Figure 3: Cross section from the Achilles tendon wh partial rupture after 60 days; (E) PRP treated goup: (F) Note the higher
magnification with proliferation of the fibroblasts (arrows) and regular arrangement of collagen fibes, which are thick and red similar
to laser group. Hematoxylin and eosin staining, ELOOx; F: 400x

Table 1 Scores of Tendon histological changes, 68yd after creating the injury

Group N Mean + SD
Control 6 6.66+1.21
PRP 6| 3.83+1.69**%
Laser 6| 3.83+1.69**11|
Larer + PRP| 6| 2.00+0.89***

**pP =0.01, ***P =0.000 compared with the controlrgup.
$P=0.046 compared with the Larer + PRP group.
TP = 1.00 compared with the PRP group.
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Figure 4: Cross section from the Achilles tendon wh partial rupture after 60 days; (G) PRP+ Laser treated group: (H) Note the higher
maghnification with highly proliferation of the fibr oblasts (arrows) and more regular arrangement of dtagen fibers. Hematoxylin and
eosin staining, G: 100x%; H: 400x

Tendon has unique structure characteristics anctim Injury to tendon caused by trauma is vemgwmn and is a
problem that requires a repair followed by an eanlybilization. According to Enwemeka, healing oé ttendon
takes weeks or even months to acquire the resestameded to effectively transmit the force gendratea muscle
[12,13]. There is a need for studies focusing & ithprovement of tendon repair, reducing recovang tand time
required to return to normal activities [14].

Animals are commonly used in tendon disorder reteafhey have the advantages of incorporating imgas
evaluation methods, and the possibility for dethiissue examination. In animal studies, partiatatal surgical
tenotomy is the most commonly used technique fduding injury [15-23]. In the present study, tendiojury was
induced by standard partial tenotomy as describeddthod section.

In recent years, there has been an increased ittehd use of PRP to promote healing in a varidtgitnations in
podiatry. Platelets have been found to possess imgrgyrtant bioactive proteins facilitating tissusgeneration and
wound healing. There has been found to be an o dbse-response relationship between the contientraf
platelets and the production of Type | collagen.eWiplatelets are placed into injured areas, thiase growth
factors and can aid in activating the healing psec®RP can be very helpful for posterior heeleyrgnvolving
the Achilles tendon. In this study PRP was usedexto associated withLLT. Collectively, the present findings
may support the previously proposed effect of RRR may have a useful role during tendon heal2¥47].
However, the treatments combining PRP and LLLT srmbgignificant results between groups Gll (PRP &l@amd
GIV (PRP+LLLT). It was found that the combined treatment with PR& IaLLT is more efficient than when PRP
is used alone.

Laser is one of the physical resources most utilifce the recovery of the tendon. Several studie$opmed in
injured animal tendons are frequent in the LLLEd#ture. In most of these LLLT studies, tendonsewegated
daily for 3 to 21 days [28-30]. Observed histop&ibal changes in tendons receiving LLLT includereased
collagen production [15], improved collagen bunaltganization [6-17,22], and an increased numbentll blood
vessels [28]. Some studies have investigated tfeetedf LLLT in acute inflammation; tissue receigirLLLT
exhibited reduced concentrations of inflammatorykees and cells compared to no-treatment cont@is3R]. In
the present study, it was decided to work with 680 wavelength, 100 mW average power, and A =%1dte
results from this study emphasize the importanceldfT. These results resemble those found by otesearchers
who have reported satisfactory effects from LLLTridg the repair process in the tendon [27-3B)t the LLLT
and combined PRP showed significant results betweeunps Gl (LLT alone) and GIV (PRP+LLLT)From the
results obtained from this study, it can be seah ¢bmbined treatment with PRP and LLLT after regmhiAchilles
tendons had favorable beneficial effects on themegating neo-tendon.
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In the past few years, Barbosa al [5] investigated the effects of LLLT alone or adated with PRP. For that
purpose, they induced tendon injury by partial tenty with a cut of 2 mm in the middle third of ttendon, the
medial to lateral. These authors administered glesidiose of 0.2 ml directly into the surgical sker laser therapy,
they used the low-intensity laser device which banoperated in two wavelengths: 660 nm and 830 Lraser
irradiations were made an interval of 1 day betwapplications and animals were Killed on the 13ly post-
tenotomy and their tendons were analyzed usingigatéon microscopy. They found that the depositiércollagen
type | was higher when treatment with PRP and LLW&s combined. In the current study, we tested the
histopathological parameters in injured tendon sasinflammatory reactions, adhesion formation andaggh
synthesis after using combination of LLLT with PRFhe results showed that the treatment with PRBLAT
alone has significant advantages over untreatadasi Additionally, it was found that the combirteghtment with
PRP and LLLT is even more efficient than when eafctine two treatments is used alone.

CONCLUSION

The results of this study suggest a decrease itirtteeof tendon regeneration by using the two thies.combined,
accelerating the healing process. Accordingly, thisn of treatment, PRP in combined LLLT can bevalue after
surgical repair of ruptured and injured human tersdo
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