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Abstract Low-level laser therapy (LLLT) is a biophysical
form of intervention in the fracture-repair process, which,
through several mechanisms, accelerates the healing of
fractures and enhances callus formation. The effect of laser
on fracture healing is controversial. Some authors affirm
that LLLT can accelerate bone formation by increasing
osteoblastic activity. The objective of our study was to
evaluate the effect of laser therapy on fracture healing.
Thirty rabbits were subjected to tibial bone open osteoto-
mies that were stabilized with external fixators. The animals
were divided into two study groups: laser group and control
group. Callus development and bone mineral density were
quantitatively evaluated by CT; the animals were then
killed and the fractures were assessed for biomechanical
properties. The results demonstrated that the increasing rate
of bone mineral density was higher in the laser (L) group
than in the control (C) group. CT at 5 weeks revealed a
mean callus density of 297 Hounsfield units (HU) for the
control group and 691 HU for the L group, which was
statistically significant (P=0.001). In the L group, the mean
recorded fracture tension was 190.5 N and 359.3 N for
healed and intact bones, respectively, which was statistical-
ly significant (P<0.001). The result of the study showed
that the use of laser could enhance callus development in
the early stage of the healing process, with doubtful
improvement in biomechanical properties of the healing
bone; therefore, laser therapy may be recommended as an
additional treatment in non-union fractures in humans.
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Introduction

Millions of fractures occur every year worldwide. Even
though treatment methods have improved over the past few
decades, 5-10% of fractures still show delayed healing [1].
One of the fundamental concepts in orthopedics is the
understanding that the mechanical environment at the site
of a fracture influences the pattern of fracture repair [2, 3].
Fracture healing may be modified by several factors, such
as hormones, vitamins, minerals, local vascularity, weight
bearing, protein diet, ultrasound and electrical stimuli [4-8].

Laser light irradiation has been applied in the medical
field and possesses biostimulatory effects on wound
healing, collagen synthesis [9], and fibroblast proliferation
[10]. In addition, laser light appears to increase mitochon-
drial respiration and adenosine triphosphate (ATP) synthe-
sis [11, 12]. Low-level laser therapy (LLLT) is less frequent
in clinical attention [13]. Laser irradiation is a form of
electromagnetic field that can elevate the structural stiffness
of bone callus. Some authors affirm that LLLT can
accelerate bone formation by increasing osteoblastic activ-
ity, vascularization, organization of collagen fibers and ATP
levels [14-16].

The aim of this study was to evaluate the effect of LLLT
on the bone healing process in respect of callus formation
rate and biomechanical properties of healed bones.

Methods and materials

Thirty female New Zealand white rabbits were used in the
study. All animals were skeletally mature and weighed
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between 2,500 g and 3,000 g, so that the osteotomy could be
better performed. We selected an animal model because we
needed the bones to be extracted for resistance testing after
therapy. Prior to its selection, each rabbit was examined by a
veterinarian so that those with co-morbidity could be
excluded. Osteotomy for each right tibial bone was
performed under aseptic conditions, and general anesthesia
was achieved with subcutaneous injection of ketamine
(50 mg/kg) and xylazine (10 mg/kg). Cefazolin (16 mg/kg,
three times a day) was administered 30 min before the
operation and for 48 h after, for infection prophylaxis.

Under aseptic conditions, four Steinmann transfixation
pins (two proximal and two distal to the osteotomy site)
were positioned in the frontal plane of the right tibial bone
with a surgical pin driver by an expert orthopedic surgeon.
After skin incision in the middle of the front leg, osteotomy
was performed with an oscillating power saw. Fixation was
provided by double-bar, uniplanar, external fixators into
which pins were incorporated to create a 3 mm gap between
the bone fragments. Stable bone fixation with a 3 mm gap
eliminates the effects of bone contact stress between the
two fragments. Irrigation was performed so that no tissue or
foreign body was left between the two parts of the gap
(Fig. 1). Then, the soft tissue and the skin were approxi-
mated. The pin tracts were cleaned daily with Betadine
solution. Radiographic examination (anteroposterior view)
was performed post-operatively to confirm good alignment
of bone fragments. After surgery, the animals had free
activity in their own standard laboratory cage; an adequate
analgesia (morphine, 5 mg/kg) was administered for 2 days
post-operatively.

The animals were divided into two equal groups of 15.
The laser group (L) was subjected to LLLT and the control
group (C) was given sham treatment. In both groups
treatment was started on the 4th post-operative day for a
4-week period.

Fig. 1 Photograph of showing fixation in osteotomy sites
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In group L, LLLT [gallium—aluminum—arsenide (Ga-As-Al)
laser, 4 J/cm, 780 nm, 5 min/day] was administered on the
osteotomy site on the anterior aspect with a Endolaser 476,
Enraf Nonius device. All treatment was administered by an
expert physical therapist.

Callus development was evaluated qualitatively by CT
using a multidetector (64MD) Siemens scanner. Callus
bone density was determined at the 2nd, 5th and 8th post-
operative weeks under general anesthesia. The 64MD CT
scanner allowed three-dimensional evaluation with very
thin slices for thorough evaluation of the callus area. All
calluses were observed by an expert radiologist, and callus
densities were reported in Hounsfield units (HU). The
radiologist was unaware of the group division.

At the end of the 12th post-operative week, all the
rabbits were euthanized and both tibial bones (intact and
healed) of each animal were retrieved and immediately
examined in a three-point lateral bending force setting by a
Hounsfield H5KS instrument, which evaluated the trans-
verse strength in the bones. For this purpose, each end of
the bones was supported and a load was applied on the
middle part of the bone with a simple beam (Fig. 2). The
maximum force (in newtons) that the bones could resist was
recorded for evaluation of their biomechanical properties.
The examiner was unaware of the group identities.

For statistical analysis, Student’s t-test was used for
comparison between groups, and a P value of less than 0.05
was considered significant. The study protocol was ap-
proved by the Institutional Animal Care Committee of
Tabriz University of Medical Sciences.

Results

Two rabbits were excluded from the study, one animal from
each group. Both animals were excluded due to tibial
fracture at the pin site. Therefore, in each group, 14 rabbits
remained in the study. No infection was detected in the
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Fig. 2 Lateral bending force diagram
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Table 1 Mean callus density in CT scans. Callus densities are
reported in Hounsfield units

Table 3 Mean of recorded fracture tension in healed and intact bones
in both groups. Values are given as newtons

Post-operative period Laser group Control group P Bone status Laser group Control group
Week 2 172+£200 38+105 <0.001 Healed 190+135 359+274
Week 5 691+143 297+337 <0.001 Intact 342491 31178
Week 8 1202+162 940+303 <0.01

post-surgery phase. Callus formation and callus density
were measured at the 2nd, 5th and 8th post-operative weeks
(Table 1).

In the 2nd week, group L had the greatest mean callus
density (1724200 HU versus 38.3+105 HU, P<0.001). At
the 5th post-operative week, development of callus was
more prominent in group L than in the control group (691+
143 HU versus 297+337 HU, P<0.001). The mean callus
density at the 8th post-operative week showed that group L
had greater callus density (1,202+162 HU) than that of
group C (940+303 HU, P=0.01).

We also compared the mean difference between callus
densities at the 2nd, 5th and 8th weeks to evaluate the
callus formation rate (Table 2). After 12 weeks, all tibial
bones, both intact and healed, of each rabbit were extracted
and were examined for resistance by tensiometry testing
(Table 3). Data were analyzed either in healed bones
between groups and between healed or intact bones inside
each group.

In the control group the mean recorded fracture tension
was 359+274 N and 311+78 N for intact and healed bones,
respectively, which was statistically insignificant; P=0.14.
In group L the maximum resistance force in healed bones
(190£135 N) was lower than that in group C (359+274 N);
P=0.021. Similarly, in group L, the maximum resistance
force of healed bone (190135 N) was lower than that of
intact bone (342+91 N); P=0.002. Therefore, the calluses
of healed bones in group L were not only weaker than those
of intact bones of the same group but also of those in the
control group.

Discussion
Several studies have compared the effect of laser irradiation

on bone healing in regard to histochemical and biomechan-
ical properties. However, the exact mechanism of laser in

bone healing is unclear. It has recently been found that, at
low radiation doses, the light energy is absorbed by
intracellular chromophores such as porphyrins and cyto-
chromes and is converted to metabolic energy involving the
respiratory chain via production of a transmembrane
electrochemical proton gradient [8, 17].

We applied Ga-As-Al laser in this study. Conventional
laser systems for bone formation consist of helium—neon
(He-Ne), Ga-As-Al, semiconductors and others in a
continuous wave, an interrupted wave or pulsed lights
[12]. He-Ne laser irradiation, which has a wavelength of
632.8 nm, promotes proliferation and differentiation of
human osteoblasts in vitro, and low-power light with Ga-
As-Al laser, which has a wavelength of 830 nm, has a
positive effect on osteoblast proliferation [18]. David et al.
concluded that He-Ne laser irradiation did not affect bone
healing in rats [19], but Luger et al. concluded that He-Ne
laser at 632.8 nm and 35 mW may play a role in enhancing
bone healing [8]. McDavid and co-workers also showed
that the osseous healing response was severely delayed by
laser irradiation of bone [20].

Wavelength is an important factor, which relates to
penetration of laser light through biological tissue [12].
Interrupted laser light has been reported to be more
effective for nodule formation than continuous laser light
[21] and nanosecond pulsed stress waves in tissue by rapid
heating [22]. Nissan et al. compared laser irradiation at
4 mW/cm? and 22.4 mW/cm?® and concluded that a 4 mW/
ecm?® power density significantly increased radio-calcium
accumulation 2 weeks after surgery, whereas 22.4 mW/cm?
had no effect [23], but Silva and colleagues showed
opposite results and concluded that greater volume of
newly formed bone was observed in irradiation using
10.2 J/em? in comparison with 5.1 J/cm? [24]. Fukuhara
et al. demonstrated that Ga-As-Al laser induced not only
acceleration of bone formation but also initial mitosis
(G2/M phase) arrest, which may cause wound healing-like
tissue repair [25]. The application of low power Ga-As-Al

Table 2 Mean differences in
callus densities between weeks.

Callus densities are reported in
Hounsfield units

Mean difference in callus density Laser group Control group P

Fifth and 2nd weeks 519+193 2674257 <0.001
Eighth-2nd weeks 767+626 909+240 <0.001
Eighth and 5th weeks 2484611 642+170 <0.001
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laser is effective in the bone healing process because it
affects calcium transport during new bone formation [23].
Our study revealed that laser irradiation enhances bone
formation in the initial stages of the healing process,
which is similar to the findings of the study by da Silva et
al. [24]. Several other studies also support our study with
respect to the positive effect of laser on bone formation
[8, 15, 16, 18, 24, 25].

We found weaker bones in group L than in the control
group in the assessment of mechanical properties. Luger et
al. [8] revealed that He-Ne lasers at 632.8 nm and 35 mW
elevated the maximal load at failure and structural stiffness,
whereas the extension maximum load was reduced.
Additionally, Otermski et al. [26] showed that, although
histologically laser therapy was thought to induce a slight
delay in fracture healing, mechanical testing showed that
there is no evidence that the strength of the underlying
fracture will be enhanced. Therefore, our study and other
studies proved that laser irradiation could enhance bone
formation, but its effect on biomechanical properties is yet
controversial and further studies seem to be warranted.

Conclusion

Our study shows that low level laser therapy on small
animals can facilitate fracture healing in the early stages of
fracture, however, with weak biomechanical properties.
Hence, we recommend the use of this type of laser therapy
for humans only in cases of poor bone formation, such as in
non-union fractures. Owing to weak biomechanical proper-
ties, further research ought to be carried out into this, and
the use of laser therapy for the fractures is not recom-
mended as a conventional treatment.
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