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Abstract

Purpose: This study was conducted to evaluate the effectiveness of the low level laser on the fracture-
healing of the guinea pig femurs.
Materials and methods: This study was performed on 36 guinea pigs (17 in the experimental group and
19 in the control group. After anesthesia of the guinea pigs, the shaft of femur was fractured with Gigli
saw under aseptic conditions, and then the intramedullary nailing of K-wire was performed. The
application of low level laser on the fracture sites in the experimental group began 2 days after the
operation under anesthesia, for 30 minutes every 2 days. The laser we used was a CW-type microchip
laser with output wave length of 890 nm and intensity of 13 mWatts, measuring up to 4.68 J/cm3 per
each application. In order to compare the femur fracture healing process of both groups; gross findings,
simple radiologic findings, and histologic findings of fracture site stability were evaluated. The simple
radiologic and histologic findings were assessed by the scoring system invented by Zorlu and his
colleagues. The statistical evaluation was done by using repetitive measured ANOVA test.
Results: In both experimental and control groups, the gross findings progressed favorably. Although the
improvement in radiologic findings were found in both groups with the passage of time, the
experimental group showed a greater rate of callus formation with statistical significance (p<0.01)
compared to the control group. The result of histological findings showed that an increase of osteoblastic
proliferation was also greater in the experimental group (p<0.01).
Conclusion: In this study, the low level laser was revealed to be effective on acceleration of femur
fracture healing in guinea pigs.
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Introduction
The healing of fracture needs long duration of time and has
possibilities of many complications such as non-union and
delayed union. Now there are variable reports about the
methods for promoting fracture healing. A decent amount of
ultrasounds, electronic stimulations, fine motion exercise is
known as a method for shortening the fracture healing
processes [1-6]. Lately, there is a report of laser as having same
effects with ultrasounds or electronic stimulations [7-10].
Although orthopaedic surgery department or dental surgery
department had done experiments partially for using
ultrasounds with laser simultaneously [7,9-11], there is much
controversies in report that studied laser-only therapy so far.
Laser is some kind of a light wave or an electromagnetic wave;
it has some different characters from beams that we know
normally. Laser is specific lights and kinds of electromagnetic
waves that have relatively short wavelength, that composed of
electrical wave and magnetic wave which propagated in light
speeds. Living body cells that absorbed low level laser transfer
light energy into chemical energy which can be used as healer
of cell damage; it is called bio-stimulation effect. Photo-
irradiation using low level laser can induce biological and

physiological effect in variable enzymes, tissues and organs. In
case of low level laser, effects for some soft tissues like
promotion of collagen synthesis and wound healing procedure,
it is already been reported [12-15]. It is also known as
increasing manifestation of growth factor in cell. So, we
conducted study on hypothesis that low level laser can
stimulate fracture healing by biomechanical and biochemical
character for guinea pig; increase of blood circulation,
shortening of cell proliferation, and ATP synthesis-induced
potential energy increase, light energy effect, etc.

Material and Methods
This experiment is for female guinea pig which is 9 weeks of
birth and English Hartley species. Their body weights are from
552 gm to 635 gm, mean 610 ± 56 gm. We divided 42 guinea
pigs into two groups; experimental groups that we broke their
right femur, and control groups that we broke their left femur.
We excluded 3 pigs which died at 3 weeks and 5 weeks, and 3
pigs which founds to be had infection at wound site. So the last
experimental group consisted of 17, and control group
consisted of 19 guinea pigs.
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Operation
We injected 5% Ketamine (Yuhan. corp. Korea) 0.5 cc/gm IM
on buttock for anaesthesia, apply longitudinal skin incision at
lateral thigh aseptically. Then, we dissected muscle, let femur
shaft exposed, tried to make transverse fracture by sterile Gigli
saw (Figures 1 and 2). But, in the process of making fracture,
variable types of fracture were made. After that, we did
intramedullary 1.4 mm K-wire pinning by sterile drill (Figure
3). The internal fixation did fix whole femur shaft well, but
some of cases showed K-wire migration by guinea pig's
movement. We sutured operation site by Nylon. We injected
IM antibiotics (Cefazedon Kukje Phar. Korea) 0.05 gm/100 gm
on each group until post-operation day 7.

Figure 1: Skin preparation of guinea pig with anaesthesia.

Figure 2: Exposed of femur for transverse fracture with Gigli Saw.

The application of laser
From post-operation day 2 to 6 weeks, the application of low
level laser on the fracture sites in the experimental group began
2 days after the operation under anesthesia, for 30 minutes
every 2 days (Figure 4). The laser we used was a CW-type
microchip laser with output wave length of 890 nm and
intensity of 13 m Watts, measuring up to 4.68 J/cm2 per each
application. The application length was 1cm from the skin.

Figure 3: Intramedullary nailing to the fractured femur.

Figure 4. Application of low level laser under anaesthesia.

Making tissue specimen
We picked each group’s 6 guinea pigs randomly and injected
plenty of Ketamine in heart on post-operation 2 weeks,
extracted femur and fixed them by 4% paraformaldehyde. We
put them in a solution for 10 days consequently and in 5%
sodium sulphate solution for 24 hours. After that, we made
haematoxylin-eosin dyed specimen slide. Also, we extracted
tissues from total 36 guinea pigs as above procedure at post-
operation 4 weeks and 6 weeks.

Radiologic evaluation
The radiologic evaluation was proceed on 2,4,6 weeks from
operation day just after the guinea pig expired. Femur lateral
film was taken under 43 Kv, 3.2 mAs condition.

Analysis method
In order to compare the femur fracture healing process of both
groups; gross findings, simple radiologic findings, and
histologic findings of fracture site stability were evaluated. The
simple radiologic and histologic findings were assessed by the
scoring system invented by Zorlu et al., [16] (Table 1). Also,
the callus surface was analysed quantitatively by Scion Image
(Scion version 16, USA) and took statistics. The gross findings
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were scored by 3 orthopaedic surgeons by manipulation of
fracture site by their hand for measuring intensity and
elasticity. The evaluation of radiologic tests was done by two
radiologists and one orthopaedic surgeon, histologic evaluation
was done by two anatomy pathologists. The statistical
evaluation was done by SPSS 12 (Sigma, USA) and using
repetitive measured ANOVA test for comparing each group’s
difference.

Table 1. Modified Zorlu Scoring System.

Score Findings

Gross findings 1 Mobile, easy to manipulate

2 Elastic, angulation by manipulation

3 Solid, stable fracture site

Radiologic findings 0 No visible callus

1 Beginning stage of periosteal callus

2 Mature periosteal callus

3 Finishing stage of periosteal callus

Histologic findings 0 Nonunion

1 Fibrous union

2 Osteochondral union

3 Bone union

4 Complete reorganization

Zorlu et al. [16]

Results

Gross findings
The experimental group’s score were increased statically
significant; 1.13 ± 0.52 at post-operation 2 weeks, 2.17 ± 0.75
at post-operation 4 weeks, 3.0 at post-operation 6 weeks
(p<0.01). Control group also showed increasing score, 1.01 at
post-operation 2 weeks, 1.50 ± 0.55 at post-operation 4 weeks,
2.17 ± 0.41 at post-operation 6 weeks (p<0.01), so both group
showed recovery by time passed (Table 2 and Figure 5).

Figure 5. The result of gross findings of experimental and cointrol
groups. There was no large difference statistically after 2 and 6
weeks. But 4 weeks had the biggest difference.

There was no statistically significant difference between the
two groups at 2 and 6 weeks after fracture. However, at 4
weeks, the difference was statistically significant (p<0.01).

Table 2. The result of Gross findings (Zorlu scoring system).

Group 2 weeks 4 weeks 6 weeks

Laser 1.33 ± 0.52 2.17 ± 0.75 3 ± 0

Control 1 ± 0 1.50 ± 0.55 2.17 ± 0.41

Simple radiologic test
The experimental groups score were increased statically
significant; 0.83 ± 0.41 at post-operation 2 weeks, 1.83 ± 0.42
at post-operation 4 weeks, 2.67 ± 0.52 at post-operation 6
weeks (p<0.01). Control group also showed increasing score,
0.33 ± 0.52 at post-operation 2 weeks, 1.33 ± 0.57 at post-
operation 4 weeks, 2.33 ± 0.54 at post-operation 6 weeks
(p<0.01), so we figured out that the bone union was faster in
the experimental group than in the control group (Table 3,
Figures 6A-6D, Figures 7A-D and Figures 8A-D.) and showed
statically significant (p<0.01, Figure 9).

Table 3. The result Radiologic findings (Zorlu scoring system).

Group 2 weeks 4 weeks 6 weeks

Laser 0.83 ± 0.41 1.83 ± 0.41 2.67 ± 0.52

Control 0.33 ± 0.52 1.33 ± 0.57 2.33 ± 0.54
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Figure 6. X-ray showing intramedullary nailing sate in both group
after post-operative 2 weeks later. The bone union in the experiment
group (A,B) was faster than the control group (C,D).

Figure 7. Postoperative 4 weeks X-ray. Showing more marked callus
formation in the experimental group (A,B) than the control group
(C,D).

Histologic test
The experimental group’s score were increased statically
significant; 1.33 ± 0.52 at post-operation 2 weeks, 3.00 ± 0.89
at post-operation 4 weeks, 3.83 ± 0.41 at post-operation 6
weeks, showing increased callus formation as time pass

(p<0.01). Control group also showed increasing score, 0.50 ±
0.55 at post-operation 2 weeks, 1.33 ± 0.52 at post-operation 4
weeks, 3.00 ± 0.89 at post-operation 6 weeks (p<0.01). Both
group showed meaningful histological changes as time passed
(Table 4, Figures 10A-10D, Figures 11A-11D and Figures
12A-12D). There was significant difference in the union of
fracture histologically between the experimental and control
groups at postoperative 2, 4 and 6 weeks (p<0.01, Figure 13).

Figure 8. Postoperative 6 weeks X-ray. Showing state of complete
bone union in the experimental group (A,B) and state of delayed
union in the control group (C,D).

Figure 9. The result of radiologic finding of experimental group and
control group. There was significant difference in the experimental
group than control group for all 2, 4 and 6 weeks.

Table 4. The result of Histologic findings (Zorlu scoring system).

Group 2 weeks 4 weeks 6 weeks

Laser 1.33 ± 0.52 3.00 ± 0.89 3.83 ± 0.41

Control 0.50 ± 0.55 1.33 ± 0.52 3.00 ± 0.89
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Figure 10: Histologic finding of both groups after 2 weeks
postoperation. The experimental group (A,B) show more callus that
the control group (C,D), (H-E × 40).

Figure 11: Histologic finding after postoperative 4 weeks later.
Showing marked new bone formation in the experimental group (A,B)
than the control group (C,D) (H-E × 40).

Figure 12: Histologic finding after postoperative 6 weeks later.
Showing the complete bone union in the experimental group (A,B)
than the control group (C,D).

Figure 13. The result of histological findings of experimental and
control roups. There was significant difference in the union of
fracture histologically for the experimental group than the control
group for all 2, 4 and 6 weeks.

Scoring system total score by Zorlu et al.
As we integrated gross findings and simple radiologic test,
histologic tests by Zorlu’s scoring system, the experimental
group’s score were increased statically significant; 4.5 ± 0.55
at post-operation 2 weeks, 11.5 ± 1.64 at post-operation 4
weeks, 21.0 ± 1.26 at post-operation 6 weeks (p<0.01). Control
group also showed increasing score, 1.83 ± 0.75 at post-
operation 2 weeks, 6.02 ± 1.67 at post-operation 4 weeks,
13.50 ± 1.87 at post-operation 6 weeks (p<0.01). Zorlu’s score
was significantly higher in the experimental group than in the
control group at postoperative 2, 4 and 6 weeks as same as all
above results (Table 5, Figure 14 and Figure 15).

Group 2 weeks 4 weeks 6 weeks

Laser 3.50 ± 0.55 10.50 ± 1.64 20.00 ± 1.26

Control 1.83 ± 0.75 6.00 ± 1.67 13.50 ± 1.87

Table 5. The result of Zorlu scoring system.

Discussion
Fracture site healing is affected by multiple factors; not only
hormones, vitamin, general condition, but also peripheral
circulation, weight bearing, condition of fracture site. Fracture
healing process which is called ‘bone formation’, is done by
following 3 way; first, direct bone healing, second, distraction
osteogenesis, third, indirect bone healing. In indirect bone
healing, extra-callus formation contributes to fracture site’s
stability, commonly used in fracture healing study for its
variable changes by biological and physical stimulation.
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Figure 14. The result of score of Zorlu scoring system of experimental
groups than control groups. We saw that the formation of callus was
increased in the result of Zorlu scoring system in the experimental
group than the control group for all 2, 4 and 6 weeks.

Figure 15. The result of image analysis of callus area. There
was more formation of callus in the experimental group than

the control group for all 2, 4 and 6 weeks.

Lately, indirect bone healing process is assessed by molecular
biologically, separates hard-callus and soft-callus for studying
gene expression of bone specific matrix protein and cartilage
specific matrix protein by Northern hybridization for each
healing steps, matrix protein formation is steady and supposed
by self-regulation mechanism in gene transcription process
[17]. This normal healing process is known after Wolff et al.
[17] presented physiological stimulation may affects
musculoskeletal system structurally and functionally in 1892
[6]. Yaakobi et al. [10] reported that alkaline phosphatase and
calcium expression time are much faster in experimental
groups than in control groups about 1 week, same with that of
osteoblast amount about 2 times, in the study which was about
rabbit’s tibia fracture using low level He-Ne laser. In this study,
there were no statistic significant difference in gross findings
on 2 weeks and 6 weeks, except 4 weeks. Because 2 weeks
were not enough time for bony union in gross finding for both
groups, and 6 weeks were much enough time for bony union
that both groups were the same not regarding low level laser.

There were statistic significant findings in radiologic,
histologic, and quantitative osteophyte formation in
experimental group compared to control group. Radiological
and histological analysis showed that at the time of 2 weeks,
there was already statistically significant difference so that low
level laser affects bony union stimulation before 2 weeks.

We have limitation as followings; fracture type was not
consistent, low objectivity in the way of bony union
assessment, K-wire internal fixation was not in the same
condition. And also, there were no mention about exact
mechanism on how laser use is effective in fracture healing.
We did not study about fracture healing associated with
radiation time and amount, so there should be additive study on
variable intensity, frequency, radiation time on animals or
human body.

In the clinical medicine future, laser has some advantages in
destructive powers on target intensively in an instant, also in
low damage on peripheral tissue inducing concentrated
application on lesion. We expect for low level laser to be
applied on disease which were thought to be incurable.

Conclusion
We did internal fixation after we broke 36 guinea pigs' femur
(mean body weigh 610 ± 56 gm, 9-weeks-old), and the
application of low level laser on the fracture sites in the
experimental group began 2 days after the operation under
anesthesia, for 30 minutes every 2 days. The laser we used was
a CW-type microchip laser with output wave length of 890 nm
and intensity of 13 mWatts, measuring up to 4.68 J/cm3 per
each application. In this study, the low level laser was revealed
to be effective on acceleration of femur fracture healing in
guinea pigs.
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