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국문요약 

토끼모텔에서 저강도 초음파치료의 골절치유 효과 

이충휘 
연세대학교 보건과학대학 재활학과 및 보건과학연구소 

김종만 
서남대학교 물리치료학과 

황태전 
포천중문의과대학 해부학 교실 

이 연구에서는 24마려의 Japanese White 토끼를 대상으로 양쪽 비골을 인위적으로 골절 
시킨 후 초음파치료가 골절의 치유에 효과가 있는지를 알아보았다. 초음파 치료 후 대조군 
의 비골과 실험군의 바골에서의 골소주 비율은 차이가 없었으며 초음파 주파수를 0.875 빠 
로 하였을 때와 3 빠로 하였을 때의 골소주 비율도 차이가 없었다， 따라서 초음파 치료는 
토끼의 비골 골절의 치유 효과가 없었다. 그러나 다양한 주파수와 초음파 전달양식을 변화 
시켰을 때 골절치유 효과가 있는지에 대해서는 지속적인 연구가 필요하다. 

핵섬 단어 : 저강도 초음파; 골절치유. 

Introduction does not interfere with the healing process 
or with callus fonnation, except perhaps in 
the very early stages when the blood clot 
proceeds to fonn granulation tissue. But 
ultrasound may interfere with the healing 
process, particularly if high doses are given 

This study was designed to determine the 
effect of ultrasound on bone repair. There 
have been conflicting reports on the use of 
ultrasound at fracture site, but ultrasound 
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(Wadsworth and Chanmugam, 1983). When 

the fracture site is exposed to ultrasound, 
the possibility of disruption of the osteogenic 
process in healing fractures suggests that 

extreme caution in use of ultrasound in and 

around recent fracture sites is necessary 

(Baldes et al, 1958>. Especially if the treat

ment is applied on the epiphyseal plate, 
special care or precautions are required to 

avoid the accumulation of ultrasound energy. 

Some practioners, however, claim that ultra
sound is a stimulant to osteogenesis (Nyborg 

and Ziskin, 1985). 

However, as the ultrasound treatment 

units have been developed and improved, 
new, different functions are introduced by 

their manufacturers. These machines have 

different frequencies, intensities, and trans

mission mode ‘ So physical therapists can 

expect that various treatment effects can 
be obtained by varying these various para
meters. 

Clinicians should study the professional 

literature pertaining to this subject carefully 

before making a decision regarding applica 

tions of ultrasound in and around healing 

fractures (K삶m， 1994). Therefore, the purposes 

of this study were to determine whether 

the application of ultrasound has an effect 
on bone repair and to compare bone healing 
effect by two ultrasound frequencies in ]apa
nese White rabbits. 

Methods 

Animal Model and Procedure 

Twenty-four skeletally mature male ]apa
nese White rabbits weighing 2.37 :t 31 kg 
were used. All rabbits were individually 

separated and fed standard rabbit chow 

throughout the experiment. Anesthesia was 

achieved by ketamine hydrochloride (6 mg/ 
kg) and 0.1 mg of atropine intraperitoneally. 

After preparation, 감le hindlimb placed in the 

flexed position‘ A 3 cm linear incision was 

made on the lateral aspect of the limb and 

the fibular osteotomy was performed. A 

small pair of scissors was used to make an 

experimental fracture in the middle of the 

fibula bilaterally. And then we did ultrasound 

treatment by the protocol. Bilateral closed 
fibular fractures were made in skeletally 

mature male ]apanese White rabbits. The 

twenty-four rabbits were random1y divided 

into 2 groups: experimental group 1 (n=12), 
and experimental group 2 (n=12). Experi

mental group 1 received 0.875 빠 continuous 

ultrasound (Fig. 1) and experimental group 2 

was treated with 3 MHZ continuous ultrasound 
(Fig. 2). Aquasonic gel was used as a cou

pling medium. The ultrasound intensity was 

50 mW!c마 and treatment time was 10 mÏnutes 

for every session in both groups. In each 

abbit, one fibula served as a control and the 

other was subjected to ultrasound treatment 

5 times per week for 3 weeks. Sham ultra
sound (controD hindlimb selection was done 

by flipping a coin. After three weeks, rabbits 
were sacrificed and the ratios of the area 

between the trabeculae and bone maπow 
of the fibulae were calculated. All rabbits 

were killed by injection with air in the veins 
of their ears and their fibulae were obtained. 

After fixation with 4% paraformald당lyde (in 
O.lM phosphate buffer, pH 7.4, 4.C) for 4 

days, the fibulae were decalcified with a 

decalcification solution over 7 days. After 
complete decalcification, they were incubated 
in 5% sodium sulfate solution ovemight 
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washed with running water, dehyclrated with formula ‘ Black area was divided by black 

graded a1cohol, embedded in paraffin and plus white, and then multiplied by 100. 

then cut serially in sections of 5 띠n thick-

ness. Every 20th section was stained with 

hematoxylin-eosin dye. We were able to 

obtain about 5 slide sections per specimen. 

Measurement 

Using a microscope with a camera (Nikon 

optiphot), the photo of each stained section 
was taken (x 100). The mid-portion of the 

newly formed callus in the bone marrow 
was photographed (Fig. 3). Tracing paper 

was placed on the photograph and the mar

gins of the trabecula were traced with a 

O.l mm thickness pen (Fig. 4). Using a scanner 

(Scanjet 3c, Hewlett-Packard) and Photoshop 

3.0 program, these drawings were input in 

our computer as the BMP files. These files 
were then opened in image-analyzing pro

gram (KS 400, Kontron Electronik) and the 

ratios of the area between trabeculae and 
bone marrow were ca1culated (Fig. 5). 1n 

fig. 5, black areas shows trabecular, and 

white areas shows bone marrow. To calcu

late the ratios of the area betwæn the fibular 

trabeculae and bone marrow, we used this 

Statistical Analysis 

One-sample Kolmogorov-Sminorv test was 

used to determine whether the distribution 

of dependent variables fit the normal distri 

bution or not. Statistical analysis was done 
using paired t-test and independent t • test. 

A confidence level of 95% (p<.05) was chosen 

for significance. 

Results 

At the end of the experimental period, 12 

of the 24 rabbits were excluded due to 

complications from surgery or inadequate 

fracture status for this study. Two more 

cases were excluded due to inappropriate 
handling for the deca1cification and image 

analyzing procedure. During the procedure, 

even if only one hind limb of the animal 
had a problem, we had to exclude the case 

The Table 1 shows distribution of subjects 

by frequency and treated side. 

Table 1. Distribution of subjects by ultrasound frequency and treated side 

Treated side 
Frequency (MIIz) Total 

Left Right 

0.875 2 3 5 

3 3 4 7 

Total 5 7 12 
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The Table 2 shows the ratios of the are 
a between the trabeculae and bone marrow 

of the fibulae. ln the treated limb, the mean 

of the ratios of the area between the trabe 

culae and bone marrow of the fibulae was 
56.68 ::t 0.08. And ln the untreated limb, the 
mean of the ratios of the area between the 
trabeculae and bone marrow of the fibulae 
was 52.83 ::t6.68‘ We applied the paired t-test 
and the there is no significant difference 

between treated limb and untreated limb. 

Table 3 shows the ratios of the area bet

ween fibular trabeculae and bone marrow 

by frequency. In the group treated with 0.875 

뻐 ultrasound, the mean of the ratios of the 

area betwæn the trabeculae and bone marrow 
of the fibulae was 57.96 ::t 8.21. ln the group 

treated with 3 빠Iz ultrasound, the mean of 
the ratios of the area betwæn the trabeculae 
and bone marrow of the fibulae was 55.40 
::t 6.63. We applied the independent t-test 
and the there was no significant statistical 
difference in the ratios of the area between 

the trabeculae and bone marrow of the fibulae 

by frequency. 

Table 2. The ratios of the area between the trabeculae and bone marrow of 
the fibulae 

Mean ::t SD t-Value p 

Treated limb (n1'= 10) 56.68 ::t 0.06 
1.573 .150 

Untreated limb (n2= 10) 52.83 ::t 6.68 

Table 3. The ratios of the area between fibular trabeculae and bone marrow by 

frequency 

Frequency (M뻐) 

0.875 (n1二5)

3 (n2=5) 

hÆean ::t SD 

57.96 ::t 8.21 

55.40 i: 6.63 

t-Value 

.478 

Fig. 1. Ultrasound unit Fig. 2. Ultrasound unit 

(0.875 빠lz ， ERA: 1 cm') (3 MHz, ERA: 1 c마) 
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Fig. 3. Li양1t micrograph of h없natoxylin 
- eosin showing the distribution 
of bony trabeculae (in the con
trol) x 100 

Fig. 4. Tracing 

Fig. 5. Black and white contrast coloring 

of trabecul않 area. Calculating for

mula of the area is ([black/(black 

+white)] X 100). 

Discussion 

Ultrasound has been recently recognized 
of its potential in promoting fracture healing. 

However the use of ultrasound in the accel
eration of fracture healing has been contro

versial and its effects on bone healing remain 
unclarified. Many factors are involved in 

bone fracture healing. The present study was 
initiated to determine the effort of ultrasound 
stimulation on bone repair and to compare 
the effects of frequency. 

Careful investigations of the action of 띠 
trasonic energy on bone showed that if 
therapeutic dosage is applied, no detrimental 
effects are observed in either growing or 
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adult bone (Janes et al, 1960). In animal 

experiments, Corradi and Cozzolino (1953) 

found that healing of experimental fractures 

in rabbits was accelerated on the treated side 
compared with that of the untreated side. 
Intensities of 1.5 watts per c미 were applied 

daily for five minutes over a period of 15 

days. And Tsai and associates (1992) found 

that ultrasound at 0.5 W/cm' were stimulatory 

to fracture repair, if given for 15 min/day, 

and were recommended for future clinical 

trials. However, ultrasounds at the intensity 

of 1.0 W /cm' were deleterious to the treated 

fracture and not recommended for clinical 
trials. Maintz (1950), on the other hand, 
found no improvement of callus formation 

as a result of ultrasound treatment. Hippe 

and Uhlmann (1959) c1inically described 181 

cases of delayed fracture healing that they 

treated with 15 watts and intensities of 1.5 
watts per c마 for five minutes every second 
to everγ third day, and observed improve

ment. On the other hand, whereas improved 

healíng of fractures may be explaíned by a 

n뼈erate increase in tem야rature， pathol앵ical 

fractures may be due to excessive heating. 
The length of time of app1ication may also 

have an influence. In addition, Cochran and 
co-workers (1985) showed experimental evi 
dence that the application of ultrasound can 
produce a piezoelectric effect in bone that, 
in tum, may produce osteogenesis and an 

increased rate of fracture healing, which is 
esα키cially useful in delayed union. Excessive 
dosage led to pathological fracture (Ardan et 

al, 1954). 

The data in Tables 1 and 2 show that 
There was no statístically sígnificant differ
ence in the trabeculae area between ex야퍼
mental leg and control leg ín experimental 
group 1 and experimental group 2 (p>.05). 

And there was 떠so no statistical1y signifi

cant difference between experimental group 
1 and experimental group 2 according to 

ultrasound treatment freQuencies, 0.875 MfIZ 

and 3 MHZ (p>.05). These data suggest that 
in ]apanese White rabbits, low intensity 

ultrasound stimulation does not facilitate 

fracture repair nor is there any difference 

in fracture repair results between ultrasound 

frequencies, 0.875 뻐 and3 뻐. Even though 

we f;떼어 to prove the effect of low intensity 

ultrasound to stimulate bone healing in this 

study, there are a lot of possibilities that 

many stimulation parameters for facilitation 

of healing appear to varγ between tissues 

with different ce뻐않 ∞mpositions. Therefore 

more research is needed to identify the spe

cific 버trasound parameters to accelerate frac

ture healíng. 
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