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ABSTRACT

This study aimed to evaluate the efficacy of diode laser in accelerating the healing process
of injured tendons and to determine the best irradiation doses for impulse and continuous
laser irradiation. The semimembranosus muscle tendon of forty mature local breed rabbits
(Oryctolagus cuniculus) of both sexes was partially injured under general anesthesia. The
rabbits were randomized into five groups and treated on the first day postoperatively. Group
C served as a control and received no treatment, while groups A, B, and D were subjected to
diode impulse laser with a power of 2x10-3 watts and a wavelength of 904 nm for 15, 25, and
35 min per session, respectively. Group E received continuous diode laser for 30 min per
session with a power of 3x10-3 watts and a wavelength of 904 nm. The treated groups
received irradiation for 5, 8, 15, and 21 days postoperatively. Subsequent healing processes
were assessed macroscopically and microscopically at each time point. In treated groups
versus the control group, epitenon thickness increased from day 5, inflammatory and
fibroblast cell responses were more evident, and collagen fibers were clearer and more
differentiated. On day 15, when the remodeling stage began, group B healed best. The
impulse diode laser was found to be more effective than the continuous diode laser in
promoting the healing of surgical defects of the tendons at varying degrees. In the
continuous diode laser group, there was a sustained high cellular response until day 21 with
the appearance of unorganized and irregular collagen fibers. This study demonstrated that
diode laser can accelerate the healing process of injured tendons and that impulse diode
laser is more effective than continuous diode laser.
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achieve the best degree of healing by forming tissue

INTRODUCTION

endon injuries are a common in both animals and

humans. These injuries vary in type and severity,
including acute and chronic injuries. Tendon injuries may
result in partial or complete cutting of tendons, especially
those in superficial sites. These injuries can lead to
significant economic losses, such as in racehorses, as well
as reduced functionality of the affected animal. The severity
of the injury determines the extent to which normal
movement is affected (1). Treatments vary depending on
the type and severity of the injury, with the goal being to
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approximately similar to that of the normal. One treatment
option is low-energy diode laser therapy, which has been
used in various branches of medicine. Diode laser therapy
can correct disorders in patient immunity, stimulate
healing in external wounds and internal anastomosis,
prevent adhesions, provide pain relief, and prevent
functional and organic complications post-operation (2).

However, the absence of standard protocol is a major
problem. Determining the appropriate wavelengths, power,
energy density, and other factors for different therapeutic
treatments can be difficult (3, 4).
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This study aims to evaluate the effect of diode laser
therapy on accelerating the healing process of injured
tendons and to determine the best irradiation doses for
impulse and continuous laser irradiation.

MATERIALS AND METHODS

Ethics and Experimental Animals

All procedures used in this study were reviewed and
approved following animal welfare ethical standards by the
Scientific Committee of the Department of Veterinary
Surgery and Obstetrics, College of Veterinary Medicine,
University of Baghdad, Baghdad, Iraq, and the Ethics
Committee of the College of Veterinary Medicine, University
of Baghdad, Baghdad, Iraq.

A total of forty mature, local breed rabbits (Oryctolagus
cuniculus), with about 1.5-2 kg in weight of both sexes were
used in this study. Animals were housed in standard cages
at the animal house, College of Veterinary Medicine,
University of Baghdad and managed under the same
conditions of temperature (20+2°C), light-dark cycle (12:12
h), standard ventilation system and humidity (50+5%). For
a two-week acclimation period, animals were fed ad libitum
on a concentrated diet (pellets) and green forage.

Surgical Operation and Tendon Injury

All  operations were performed under general
anesthesia, where the animals were intramuscularly
injected with a combination of 10% ketamine
hydrochloride (35 mg/kg BW, Alfasan, Holland) and 2%
xylazine (5 mg/kg BW, VMD, Belgium) (5). This protocol
efficiently maintained the animals under anesthesia during
the operations. The operation site was prepared using
routine aseptic techniques. During the operations, each
rabbit was positioned on its left side, while recumbent to
use the right hind limb for all animals. The prepared area
was covered with a thin layer of cotton saturated with 70%
alcohol. The skin was incised by scalpel about 2 cm parallel
to the Achilles tendon. The tendon sheath was incised to
show the tendon of the semimembranosus muscle, and then
the tendon was caught with the tip of artery forceps, and
this part was cut around the tip by scalpel (Figure 1). All
tendons were injured with the same type of injury. The
tendon sheath was not sutured, and the skin was sutured by
the simple interrupted pattern with the 3.0 silk. After the
injury, none of the limbs were immobilized. The sticks were
removed on the 7th postoperative day, except for those
from which specimens were removed on the fifth
postoperative day.

Treatments

After a partial injury to semimembranosus muscle
tendon was induced, injured rabbits were divided at
random into 5 groups (A, B, D, and E) with 8 in each, the fifth
group C was left without treatment (irradiation) and
considered as a control. The treatment was started on day
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one postoperative day. The periods of irradiation (sessions)
continued daily in all treated groups for 5, 8, 15, and 21
postoperative days. The groups A, B, and D were irradiated
with diode impulse laser with wavelength of 904 nm and
2x10-3 watt power as follows: 15 min/session for group A,
25 min/session for group B, and 35 min/session for group
D, thus the doses were 1800, 3000, and 4200 rad,
respectively. For group E, the continuous diode laser was
applied with a power of 3x10-3 watt for 30 min/session
with a dose of 5400 rad.

Figure 1. A representative photograph showing the site of tendon injury (white
arrow)

Macroscopic and Microscopic Assessments

Healing tendons and changes to surrounding tissues
were evaluated across all groups using macroscopic and
microscopic assessments. Each session involved the
euthanization of two rabbits and the removal of 1.5 cm of
injured tendon using stitches as a visual guide. The
specimens were fixed with 10% formalin and stained with
hematoxylins and eosin (H&E) and some slides with
Masson's Trichrome to stain the collagen fibers.
Histopathological study was performed under light
microscope (Olympus) in histopathological laboratory of
College of Veterinary Medicine, University of Baghdad,
Baghdad, Iragq.

RESULTS
Macroscopic Findings

After euthanasia, the tendons were visually examined
for macroscopic changes. In the control group on the fifth
postoperative day, adhesion was observed between the
tendon and its sheath, as well as between the sheath itself
and the surrounding tissue. These signs persisted until the
8th postoperative day. The injured area was dark in color
and easily distinguishable from the tendon. On the 15th
postoperative day, there was further development of
tendon edema, and adhesion was still present, along with
the presence of a white substance that covered the injured
area, suspected to be fibrin (Figure 2A).

In the 15-minute diode impulse laser irradiated group
(group A), mild adhesion and some hemorrhages were
observed on the 15th postoperative day. By the 21st
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postoperative day, the area appeared more healed and
could not be distinguished from the surrounding tendon
area. The tendon sheath also showed signs of healing. In the
25-minute diode impulse laser irradiated group (group B),
adhesions were observed on the 8th postoperative day, but
there was no hemorrhage. Good healing was observed on
the 15th postoperative day (Figure 2B). In the 35-minute
diode impulse laser irradiated group (group D), there was
no hemorrhage at the injured tendon, and it appeared
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healed on the 15th postoperative day, but it was still
distinguishable on the 21st postoperative day due to its
dark color. In the 30-minute diode continuous laser
irradiated group (group E) with continuous diode laser,
there was healing with hemorrhage on the 15th
postoperative day, and the injured area appeared dark in
color, but there were no adhesions. On the 21st

postoperative day, the injured area still appeared dark in
color despite healing.

Figure 2. Representative photographs of injured area in the local rabbit (A) Control group on 15th postoperative day
tendon edema, adhesion, white substance (suspected to be fibrin) covers injured area, (B) 25-min diode impulse laser
irradiated group on 15th postoperative day showing good healing with no adhesions

Microscopic Findings
Fifth postoperative day

In the control group, the results showed diffuse
hemorrhage with the presence of fibrin at the injured area,
but no thickening in the epitenon. Fibroblasts and collagen
deposition were absent, while there was light infiltration of
neutrophils (Figure 3A). In group A, there were minor
hemorrhages and thickening of the epitenon (10-12 cells),
along with fibroblast infiltration, but no new blood vessel
generation. Loose collagen areas were also observed
(Figure 3B). In group B, there were minor hemorrhages and

thickening in the epitenon (12-15 cells). Fibroblasts and
neutrophils infiltrated the area and new blood vessels were
present. Collagen fibers were deposited but they were
irregular and incoherent. In group D (Figure 3C), there was
no hemorrhage and the epitenon thickness increased (12-
15 cells). There was severe infiltration of fibroblasts and
neutrophils and many blood vessels in different growth
periods. Irregular collagen fibers were clearly deposited. In
the group E, there was hemorrhage, increased thickness in
the epitenon layer (13-15 cells), infiltration of fibroblasts
and inflammatory cells, and loose deposition of collagen
fibers with new angiogenesis.

Figure 3. Representative sections of injured semimembranosus muscle tendon of local rabbit on 5th postoperative day in (A) control group showing hemorrhages (red arrow),
neutrophils (green arrow), H&E, 40x; (B) Group A, irradiated with diode impulse laser at 1800 rad for 15 min showing thick epitenon (yellow double-arrow), neutrophils
(green arrows), H&E, 40x; (C) Group D, irradiated with diode impulse laser at 4200 rad for 35 min showing thicker epitenon (yellow double-arrow), severe infiltration of
inflammatory cells (green arrows), fibroblasts (red arrows), and collagen fibers precipitation (blue left-up arrow), H&E, 20x
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Eighth postoperative day

In the control group, there was hemorrhage, no
thickening in the epitenon, light infiltration of fibroblasts
and inflammatory cells, few immature blood vessels, and
soft collagen fibers (Figure 4A). In group A (Figure 4B),
there was a minor hemorrhage, an increase in the epitenon
layer (15-18 cellular layers), severe infiltration of
fibroblasts, neutrophils and lymphocytes, growth of blood
vessels and more coherent but less regular collagen fibers.
In group B, there was no hemorrhage, the epitenon

A
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increased to 18-20 cells, severe infiltration of fibroblasts
and inflammatory cells, clearer blood vessels in different
sizes and clear coherent irregular collagen (Figure 4C). In
group D, there was no hemorrhage, clear thickening of the
epitenon, mild infiltration of fibroblasts and inflammatory
cells (neutrophils and lymphocytes) and incoherent regular
collagen fibers toward the longitudinal axis (Figure 4D). In
group E, there were areas of hemorrhage, a noticeable
increase in the epitenon (more than 20 cellular layers), a
clear increase in fibroblasts and inflammatory cells.

Figure 4. Representative sections of injured semimembranosus muscle tendon of local rabbit on 8th postoperative
day in (A) Control group showing thin epitenon (yellow double-arrow), hemorrhage (red arrows), light infiltration
of inflammatory and fibroblast cells (black arrows), H&E, 40x; (B) Group A, irradiated with diode impulse laser at
1800 rad for 15 min showing thick epitenon (yellow double-arrow), severe infiltration of inflammatory and fibroblast
cells (black arrows), H&E, 20x; (C) Group B, irradiated with diode impulse laser at 3000 rad for 25 min showing
severe infiltration of inflammatory and fibroblast cells (yellow arrows) and new blood vessels (red arrow), H&E, 40x;
(D) Group D, irradiated with diode impulse laser at 4200 rad for 35 min showing mild infiltration of inflammatory
cells (yellow arrows), regular collagen fibers (blue left-up arrow), H&E, 40x

Fifteenth postoperative day

In the control group, there was diffuse hemorrhage,
slight thickening in the epitenon compared with those
rabbits that were euthanized on the 8th postoperative day,
randomly scattered increase in fibroblasts, infiltration of
neutrophils, small and few blood vessels and there were no
collagen fibers. In group A, there was minor hemorrhage,
thickening of the epitenon (18-20 cellular layers), severe
infiltration of fibroblasts which appeared mature
(fibrocytes) with elongated nuclei (fusiform shape), mild
inflammatory cell infiltration, and collagen fibers were
more coherent and uniform toward the longitudinal axis
with clear wave-shape (Figure 5A). In group B, there was no
hemorrhage, no thickening in the epitenon compared with
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the eighth day in the same group, mild numbers of
fibroblasts which were more mature (fibrocytes), little
infiltration of lymphocytes, an abundance of blood vessels,
and despite soft areas of collagen fibers in the bridging area,
they were more coherent and uniform toward the
longitudinal axis (Figure 5B). In Group D, there were
hemorrhages in many areas, the epitenon was still thick,
severe infiltration of fibroblasts, mild infiltration of
inflammatory cells, many blood vessels and regular
collagen fiber deposition (Figure 5C). In group E, the
epitenon layer was very thick with the presence of
fibroblast and inflammatory cell infiltration. There were
diffuse hemorrhagic areas and loose irregular collagen fiber
deposition (Figure 5D).
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Figure 5. Representative sections of injured semimembranosus muscle tendon of local rabbit on 15th postoperative
day in (A) Group A, irradiated with diode impulse laser at 1800 rad for 15 min showing severe infiltration of
fibroblasts, presence of fibrocytes with elongated nuclei (yellow arrows), mild inflammatory cells (green arrows),
and coherent collagen fibers (regular) (blue left-up arrow), H&E, 40x; (B) Group B, irradiated with diode impulse
laser at 3000 rad for 25 min showing presence of fibrocytes with elongated nuclei (yellow arrow), little inflammatory
cells infiltration (green arrow), and coherent regular collagen fibers (blue left-up arrow), H&E, 20x; (C) Group D,
irradiated with diode impulse laser at 4200 rad for 35 min showing hemorrhages (red arrows), thick epitenon
(yellow double-arrow), severe infiltration of fibroblasts (black arrow), mild inflammatory cells infiltration (white
arrow), blood vessels (green arrows), and regular collagen deposition (blue left-up arrow), H&E, 40x;; (D) Group E,
showing very thick epitenon (yellow double-arrow), severe infiltration of inflammatory cells (black arrow) and

fibroblasts (red arrow), H&E, 20x

Twenty first postoperative day

In the control group, hemorrhage was still present,
there was thickening in the epitenon (20-22 cellular layers),
infiltration of fibroblasts, decreased inflammatory cells,
and loose incoherent collagen fibers, but they were more
pronounced towards the endotenon (Figure 6A). In group
A, there was no hemorrhage, thinner epitenon compared to
the control group, regular longitudinal fibroblasts towards
the axis of the tendon, light infiltration of inflammatory
cells with few blood vessels appearing in the growth area,
and the collagen fibers were more coherent and regular
towards the longitudinal axis of the tendon (Figure 6B). In
group B, there was no clear hemorrhage, thin epitenon
layer, very few fibroblasts which were fibrocytes, absence
of inflammatory cells, very few blood vessels, and more
coherent regular fibers with clear wavy-shaped collagen
(Figure 6C). In group D, there was hemorrhage, thin
epitenon, and dense deposition of coherent regular collagen
fibers (Figure 6D). In group E, the hemorrhagic areas were
still present, very thick epitenon layer, intense infiltration
of fibroblasts and inflammatory cells (mono and multiple
nuclei), and dense regular wavy-shaped collagen fibers.
Using Masson's Trichrome dye, the collagen fibers

ALKHILANI MA, AND ATTA NM

appeared green in color and were dense and wavy, showing
the effect of laser irradiation on collagen fiber formation
(Figure 6E)).

DiscussION

Macroscopic findings showed adhesions in the control
group until the 5th postoperative day, which disappeared
on the 21st postoperative day. There were mild adhesions
in the irradiated groups, except in group B on the 8th
postoperative day. From gross observations, it can be
concluded that the healing in the treated groups did not
show significant signs in tendon healing. This fact was
indicated by faster and better healing in the treated group
compared to the control group, which showed adhesions
until the 15th postoperative day. It also revealed the effect
of laser radiation in reducing post-tendon injury adhesions.
Such findings were consistent with earlier documentation
(2). In fact, adhesion and healing processes may be affected
by fibronectin, which may be involved in restorative
processes through orderly interaction with growth factors
or function as a source of adhesion formation, which can
determine healing and tensile strength during
convalescence after tendon restoration (6).
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Figure 6. Representative sections of injured semimembranosus muscle tendon of local rabbits on 21st postoperative
day in (A) Control group showing thick epitenon (yellow double-arrow), inflammatory cells (green arrow) and
fibroblasts infiltration (red arrow), and incoherent collagen fibers (blue left-up arrow), H&E, 20x; (B) Group A,
irradiated with diode impulse laser at 1800 rad for 15 min showing thinner epitenon (yellow double-arrow),
longitudinal arranged fibroblasts (red arrows), and regular collagen (blue left-up arrow), H&E, 20x;(C) Group B,
irradiated with diode impulse laser at 3000 rad for 25 min showing thin peritenon (yellow double-arrow) and wavy
shape collagen fibers (blue left-up arrow), H&E, 10x; (D) Group D, irradiated with diode impulse laser at 4200 rad for
35 min showing regular dense collagen deposition blue left-up arrow), H&E, 20x; (E) Group E, irradiated with
continuous diode laser at 5400 rad for 30 min showing dense, regular, and wavy collagen fibers (blue left-up arrow)

green in color (Masson's Trichrome)

In the control group, there was hemorrhage in the
injured area. The wounded area in group D darkened due to
internal bleeding from the tendon wound, but this did not
appear in other laser-treated groups because of their faster
healing. This is consistent with what was pointed out by (7),
that the tendon initially loses its white to yellowish color
and appears red, gray, moist, and swollen as a result of
inflammatory perfusion. On the lump surface, small points
of hyperemia and hemorrhage appear.

Histopathological Findings

On the 5th postoperative day, there were obvious
differences in the thicknesses of the epitenon layer, which
appeared thick in the treated groups and continued to
increase until the 8th postoperative day, reaching its peak
on the 15th postoperative day, especially in the group
irradiated for 25 minutes. The thickness of the epitenon in
the control group did not reach that of the irradiated groups
until the 21st postoperative day, and the laser-treated
groups revealed a reduction in epitenon layer thickness.
These findings were inconsistent with (8), who reported
that the increase in epitenon thickness in the deep digital
flexor tendon in dogs had increased significantly on the 7-
11th postoperative days and that a cellular response was
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found in the restoration area. However, our findings were
consistent with the observations of reference (9), who
reported an increase in epitenon thickness six weeks after
inducing Achilles tendon inflammation in rabbits, along
with an increase in capillary blood vessels and fibroblast
cell numbers.

Since the 5th postoperative day, fibroblasts appeared in
the treated groups but were not observed in the control
group. Their numbers were low until the 8th postoperative
day in the control group. This is consistent with (10)'s
statement that only migratory fibroblasts multiply, while
tendon cells are classified to the stage where they do not
have more susceptibility to division. They only work on the
production and retention of the main materials of the
tendon, and this showed the source of the increase in the
numbers of fibroblasts in the healed tendon. This is also
suggested by (11), who noticed more numbers of
fibroblasts in irradiated tissue, indicating a significant
increase in fibroblast precipitation and decreased
inflammatory cell infiltration. This concludes that low-level
laser therapy (LLLT) expedited the process of tissue repair.

On the 15th postoperative day, the shape of fibroblast
nuclei began to change. More elongation was observed after
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they were large and rounded, indicating the maturation of
fibroblasts according to (12). Fibroblasts have large,
rounded nuclei with a clear nucleus, while mature
fibroblasts have an elongated nucleus, and the cytoplasm
has a spindle shape with cytoplasmic extensions extending
into the matrix. referred to as fibrocytes by (13). They were
less active than fibroblasts and this clearly showed the
maturity of the restored tissue as the function of fibroblasts
is the formation of collagen fibers. Maturity meant a
decrease in the level of precipitation when it was enough to
repair the wound area.

When comparing the experimental groups in the
precipitate of collagen fibers, the present findings revealed
that it started on the 5th postoperative day in the treated
groups and only appeared on the 15th day in the control
group. The fibers evolved and appeared coherent and
uniform towards the longitudinal axis of the tendon, and
their wavy shape appeared on the 15th day in the laser
irradiation groups. The formation of collagen fibers
depended on the presence and number of fibroblasts.
Therefore, the current observations showed an increase in
collagen fiber formation that coincided with an increase in
the number of fibroblasts in the experimental groups,
which may have occurred due to the effect of the laser in
increasing the number of fibroblasts and their activity.
Low-power laser radiation had an effect on fibroblasts and
fiber formation. This was in good agreement with (14)
postulation of strengthening collagen fiber contraction in
the wound. They suspected an increase with low-energy
laser by affecting the activation of the fibroblasts or
increasing the growth of fibroblasts, as suspected by (15).
The appearance of coherent and regular fibers on the 15th
day in the laser-treated groups reflects the improvement in
the maturity of the restored tissue. According to (16), the
use of GaAS laser affected the tendon repair processes in
dogs and led to good maturation of collagen fibers,
accelerating healing. They explained that the collagen fibers
in the treated groups were of medium and large diameters.
In fact, the current observations revealed both small and
medium-sized collagen fibers in all groups of the study.
Additionally, (17) mentioned that the positioning of
collagen fibers, wavy shape, and the degree of periodic
repetition showed improvement in tissue maturation. It
was reported by (18) that the helium-neon laser caused an
increase in collagen construction, and (19) concluded that
soft laser irradiation caused the metabolic activity of
fibroblasts to increase, resulting in increased production of
collagen. It was reported by (20) that the collagen fibers in
laser-irradiated groups were denser, thicker, more regular,
and communicated with existing fibers compared to
untreated animals, which is consistent with our results
using diode laser in Rabbit's tendons. The good
organization and coherence of the collagen fibers with the
visibility of the wavy shape reflected the remodeling stage,
which was observed on the 15th day in the treated groups.
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This corresponds with what (21) stated, that laser
irradiation led to collagen accumulation and influenced the
shape of granulation tissue.

Tendon injury leads to rupture of its fibers, resulting in
bleeding from capillaries within the tendon. This can lead
to the formation of fibrin and hypoxia in the injured area,
causing congestion, tenocyte necrosis, and accumulation of
fluid between the fibers, as mentioned by (22) and (1). The
presence of hemorrhage in group D was a result of high-
dose irradiation, consistent with what was stated by (23),
where the effect of laser exposure depended on the dosage
given. Angiogenesis, or the formation of new blood vessels,
was observed to start on the 5th postoperative day in the
treated groups, but only appeared on the 8th postoperative
day in the control group. Blood vessels showed good
growth in the treated groups during the treatment course,
indicating the potential bio-stimulatory effect of low-level
laser, which may impact the release of growth factors, as
demonstrated by (24) who showed that tendon-related
growth factors play a role in the vascular response during
the initial weeks after tendon injury and repair.

The presence of basic fibroblast growth factor (bFGF)
protein stimulates angiogenesis and affects differences in
the repair process (25), while laser radiation has been
found to enhance tissue vascularity, as noted in (26). In
addition, (27) observed that LLLT facilitated blood
circulation and enhanced microcirculation. Other studies
have demonstrated increased angiogenesis and
proliferation of new fibroblasts, along with decreased
infiltration of inflammatory cells in irradiated treated
lesions, as reported in (11). Similarly, it has been reported
that a diode laser is effective in inducing angiogenesis and
encouraging the healing process (28-30). Vascular laser
stimulation was consistent with the results in this study,
which observed that blood vessels appeared earlier in
treated groups and had better growth than in the control
group when using a diode laser.

Inflammatory cells appeared on the 5th day in all groups
throughout the experimental period, but were very few on
the 21st postoperative day in group A and the control
group. The proliferation of immune-competent cells was
stimulated when a wound occurred, and the phagocytic
cells removed the blood clot and the destructive tissue and
foreign matters, as mentioned in (13). The white blood cells
can affect healing by defending against secondary infection.
White blood cells exposed to argon laser appeared normal
but phagocytized germs (31). Hiranuma et al. (32) noticed
severe infiltration of white cells (polymorphonuclear cells),
phagocytes, and lymphocytes during the first and second
weeks in White Leghorn chickens aged 4 months and after
their tendons were cut. The laser radiation increased the
cellular immune response, as shown in (33). Low-energy
laser stimulated phagocytic activity of white blood cells,
such as lymphocytes, and stimulated the migration of these
cells to the area of injury, as mentioned in (2). From the
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above, we noted that it was consistent with our
observations about the cellular immune response in the
treated groups. As the healing process progressed, an
increase in the amount of precipitated collagen fibers was
observed, as well as increased regularity and consistency
with a decrease in the number of inflammatory cells,
reflecting improved restoration of tissue healing in the
laser treatment groups. The author concluded that the
functional characteristics of the injured tissue had returned
to normal, as mentioned in (27). This was reported by (32)
who stated that as the inflammatory reaction diminished,
fibroblasts predominated in the connective tissue and
mature collagen fibers accumulated. It is noteworthy that
the clarity of the collagen fibers, as well as their ability to
take pigment well and their wavy appearance, indicated
that these fibers were of large and medium types (types I,
I1I), which indicated good tendon healing. This is because
type V and IV collagen molecules do not form fibers or
fibrils that can be distinguished from the surrounding
matrix except in immunohistochemistry tests, as
mentioned in (13). Therefore, the fibers did not appear in
the control group until the 15th postoperative day, where
mostly type Vand IV collagen molecules were deposited but
did not appear in the H&E stain, while the collagen fibers
appeared in the treated group since the 5th postoperative
day. The regularity of the collagen fibers toward the
longitudinal axis of the tendon reflected progress in the
maturation of the tissue, as pointed out in (17), which
mentioned that the deposition of collagen fibers at the
beginning of healing was irregular, but as the wound
healed, these fibers became longitudinally aligned along the
tension lines. It has been demonstrated that the collagen
produced in the wound initially consisted of small-
diameter, randomly oriented bundles, and as the fibrous
tissue matured, larger diameter bundles became
predominant and were positioned along the stressed lines
(34, 35). The obvious difference between the control group
and the laser-treated groups indicated a clear effect of
irradiation on the speed of healing, as evidenced by the
early appearance of fibroblasts and the early formation of
fibers, followed by their regularity, consistency, and wavy
shape, as healing progressed. The fibroblasts matured and
decreased, inflammatory cells disappeared, and remodeling
occurred in the restored tissue.

The epitenon decreased to reach advanced healing after
21 days in the laser treatment groups. This also reflected
the effect of irradiation on the vascular response, which is
important in healing as it provides nutrition to the
fibroblasts that visibly proliferated in the region to perform
their role in collagen fiber formation. Low-energy laser
irradiation has been shown to improve microcirculation, as
stated in (36). This finding is consistent with (37), which
reported increased vascularity in the early stages of tendon
scar in rabbits, with the distribution of blood vessels
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disappearing and becoming focused on the late stage. At a
later stage of healing, the degree of vascularity was reduced
and a regular distribution of vessels was evident, indicating
the importance of blood flow in the healing processes of
tendons and ligaments. The increase in fibroblasts in the
diode laser treated groups would stimulate their activity in
producing more collagen fibers. Furthermore, the increased
vascularity compared to the control group suggests an
increase in the amount of fibronectin due to the laser effect.
If fibronectin levels were increased by the effect of laser
irradiation, it would indicate that the laser effect not only
increases the number of fibroblasts and stimulates them to
produce collagen fibers directly, but also indirectly
stimulates them by increasing fibronectin. It was reported
by (32) that fibronectin plays a role in the organization of
collagen in tendon healing.

The use of low-energy diode lasers has been proven
effective in accelerating and improving tendon wound
healing. It has been shown to reduce the healing duration
compared to the control group, which is consistent with
some studies that demonstrated significant stimulation of
healing in surgical wounds or burns in rats or mice
irradiated with LLLT (38). In addition, there was an
observed appearance of coherent and regular collagen
fibers of medium and large types, which served the function
of withstanding tension resulting from movement and
muscle tension. Some collagen fibers appeared pigmented
in red when exposed to continuous laser radiation using tri-
chrome pigment, which aligns with the findings of (39) that
laser-affected collagen fibers took on red pigment.
However, in their experiment, a high-energy laser was used,
which had a significant impact on collagen fibers, resulting
in a pattern change with a more homogeneous appearance
in wider areas. The difference in interaction of collagen
fibers with Trichrome pigment indicated that continuous
irradiation had a greater thermal effect than pulsed-laser
irradiation. This finding is in line with the observation of
(40) who confirmed that the mechanism of continuous
laser work is mainly thermal in nature and dependent on
linear energy, whereas the pulsed laser effect comes from
micro-explosions that occur in the surrounding tissue.
However, a challenge in laser therapy is the lack of a
standardized protocol, difficulty in fixing the wavelengths,
power, and energy density (3, 4).

In conclusion, the use of low-energy lasers has shown a
significant effect on healing of injured tendons, with
emphasis on the positive effect of impulse lasers compared
to continuous lasers, as continuous lasers tend to cause an
exaggerated effect on healing. Based on the above, the use
of impulse lasers can help accelerate tendon healing
through bio-stimulation of tendon tissue. The dosage used
also has an impact on healing, as the dosage of 2x10-3 for 25
min showed a better healing effect compared to other
dosages in the impulse laser-treated groups.
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