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Effects of Low Intensity Pulsed Ultrasound on Prevention of Disused
Osteoporosis
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Abstract This paper studies the therapeutic effects of Low—Intensity Pulsed Ultrasound (LIPU) on prevention of disused osteoporosis, by
testing on tenotomy and neurectomy rats. A total of 40 male Sprague—Dawley rats were randomly assigned into four groups, each with 10
animals. They are tenotomy groups, which underwent left patellar —tenotomy, with/without ultrasound treatment and neurectomy groups,
which underwent left sciatic—neurectomy, with/without ultrasound treatment. The ultrasound treatment groups were treated with 30mW/cm?
pulsed low—intensity ultrasound stimulation for 15 minutes a day on the lateral site of the left legs. The sham ultrasound groups (those
without ultrasound treatment) did not receive any ultrasound treatment. All animals were euthanized after 4 weeks. Both tibias of rats were
prepared for peripheral Quantitative Computed Tomography (pQCT). Average Bone Mineral Density (aBMD) was measured. For the study of
bone histomorphometry of proximal tibia, trabecular bone morphometry measurements were performed on the area beginning Imm proximal
to the growth plate (epiphysis). Total tissue area, trabecular area, and perimeter were measured. These endpoints were used to calculate the
trabecular bone volume (BV/TV, %), trabecular width (Th. Wi, pwm), trabecular number (Th. N, mm) and trabecular separation (Th. Sp, pm)
according to the methods of Parfitt et al. Statistical analysis was performed by using SPSS 11.5 data analysis software. All data were
expressed as the mean+SD, and difference were considered significant if P<0.05. The decrease of aBMD in the operated tibia versus non—
operated tibia was 16%, and that was 17% in the neurotomy group. In ultrasound groups, aBMD did not decrease significantly in tenotomy
group (P>0.05). But difference was found between operated and non-operated tibia in neurotomy group (0.01<P<0.05). Moreover, in

neurotomy groups, difference was found in bone loss percentage change between groups with and without ultrasound treatment. There was
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no difference in tenotomy group. In neurotomy groups, BV/TV of operated tibia decreased significantly for ultrasound group as compared

with the group without ultrasound treatment

Th. Sp between groups with and without ultrasound treatment

(P<0.01). There were also differences between operated and non-operated tibia in Th. Wi,

(0.01<P<0.05). In tenotomy groups, there was only difference in BV/TV

between operated and non—operated tibia in groups without ultrasound treatment. The study confirms the effect of LIPU on the prevention

of the bone loss in disuse osteoporosis, especially in the disuse model without nerve injury. And the nerve distributed in the tissue may

play an important role. The mechanism of the nerves acting on the bone growth needs further investigation.
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Table 1 Bone histomorphy of epiphysis tibia (mean+SD)
n BVITVI% Th. Wi/um Th. N/mm Th. Sp/pm
oP 10 23.56+7.17" 53.31+11.12" 4.41+0.96" 256.94+93.42"
LIPU NOP 34.17£7.95 62.46+10.80 5.48+0.88 179.07+45.82
oP 0 21.64+7.86™ 34.23+12.71" 8.01+5.42 231.84+165.50"
LIPU NOP 36.71x13.14 46.67+13.35 8.86+4.78 148.02+£103.71
opP 10 36.26+4.96 64.40+14.50" 5.79+0.94 161.62+£27.57
LIPU NOP 50.58+1.08 84.24+14.25 5.97+0.43 12091£34 47
oP 0 24.72+4.31 51.30+6.46 4.87+0.88 229.71+51.49
LIPU NOP 28.79+5.47 51.88+7.80 5.65+0.91 190.27+4191
. OP, ;NOP, sBTITV ;Th. Wi, ;Th. N, ;Th. Sp, N ,#,0.01<P<0.05;
## P<0.01,

Notes: OP, operated; NOP, non—operated; BT/TV, Trabecular bone volume; Th. Wi, Trabecular width; Th. N, Trabecular number; Th. Sp, Trabecular
separation. *, 0.01<P<0.05; **, P<0.01 compared with NOP.

(a) - LIPU (b) -LIPU
(a) Neurotomy group with sham-LIPU treatment  (b) Neurotomy group with LIPU treatment

(d) - LIPU (e) -LIPU (f)
(d) Tenotomy group with sham-LIPU treatment  (€) Tenotomy group with LIPU treatment (f) Non-operated tibia
3 HE

Fig. 3 HE staining of epiphysis in tibia
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