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ABSTRACT

The therapeutic efficiency of ultrasound has become an indis-
pensable tool of physical therapy treatment in cases of alteration
by lesions and in many kinds of sickness. However, in pediatric
cases the use of ultrasound is controversial due to possible distur-
bance and damage to the growth plate. The aim of this study is to
find out if the continuous ultrasound presents alteration effects on
the growth plate of female rabbits. Eight New Zealand female rab-
bits with two months of age were tested. They were treated by
continuous therapeutic ultrasound with doses of 1 W/cm2 in the
lateral region of the right knee joint for five minutes, during 10
days, with an interval of two days after five applications. The left
knee joint was used as a control. The histological analysis showed
an alteration in the thickness of the growth plate on the treated
side 24.40% bigger than in the left knee joint of the control (p <
0.0001). On other hand, the radiological analysis did not show any
difference between the limbs. The conclusion was that the thera-
peutic ultrasound produced significant histological alterations in the
cartilage thickness on the treated side according to the manner it
was used in the experiment. Such fact suggests an acceleration in
the growth plate metabolism.

INTRODUCTION

The ultrasound is known as a therapeutic treatment which pre-
sents clinical evidence for the use in lesions of the soft tissues
with the aim to speed healing(1-3), decrease articulatory stiffness,
reduce pain and muscular spasm(4), increase the colagen synthe-
sis(5), and regeneration of the peripherical innervation(6).

However, many reports on its application in the muscular-skel-
etical system have been focusing in the fractures consolidation(4),
presenting good results in the formation(7-8) and consolidation of
the bone corn, in animal models and humans as well(7,9-10). More-
over, the ultrasound can increase the osteoblasts density(11), stim-
ulate the cellular matrix secretion(12-13) and of growth factors en-
volved in fractures consolidation(14).

All these effects make therapeutic ultrasound to be chosen for
the treatment of alterations caused by lesions and many illnesses.
However, there is some controversy about its use in pediatric pa-

tients, since some studies show possible disturbs and damage to
the growth plate(4,15), which may lead them to a premature fusion,
with consequent discrepancy in the limbs length or an uneven
growth in one of the sides of the bone(16).

Being an efficient resource in many cases in the clinical prac-
tice, it is believed that further studies are need to evaluate wheth-
er its use in regions of endochondral ossification should be ap-
plied, once the literature is not conclusive in relation to the possible
deleterial effects(15,17-18).

The aim of this study is to evaluate the effects of the treatment
with continuous therapeutic ultrasound on the growth plate of New
Zealand female rabbits’ tibia during the development phase through
histological analysis. Moreover, after the initial growth phase, we
verify whether there are alterations in the tibia through radiological
exam.

METHODS

The present work is characterized as experimental with qualita-
tive and quantitative analysis 08 New Zealand female rabbits with
2 months of age were used. The animals were kept in cages and
standardized food and drinkable water were given ad libitum. All of
them received the therapeutic ultrasound application in the lateral
region of growth plate of the right tibia and the left back paw was
used as control.

The ultrasound equipment used was the Avatar II model by KLD,
with 1 MHz head and Effective Radiation Area (ERA) of 4 cm2. It
was previously calibrated. The used parameters were: dose of 1,0
W/cm2 (Spacial and Temporal Averages – SATA), during 5 min, in a
subaquatic manner (immersion in water), in continuous emission,
using a plastic dish without filling as a container for application to
absorb the ultrasound, and treated water as conduction means.
The animals had their right back limbs tricotomized in the first and
sixth days of the therapy.

The procedures occurred in 10 sessions, daily conducted, with
an interval of 2 days after the 5th session, simulating the proce-
dure in the physical therapy in humans. The animals were manual-
ly held during the session.

10 days after the last session, 4 animals were sacrificed. The
back limbs were desarticulated in the hips and ankles, and the fe-
mur and tibia cleaned from the soft parts, only the junction by the
ligaments and the knee articulatory capsule being kept. They were
all kept in 10% formol.

The tibias were separated from the femurs and transversally
sawn in the diaphysary region in order to make the slides. After-
wards, the proximal segment was submitted to the histological
processing. Firstly, the tibia was attached to an acid solution (nitric
acid) for decalcification. Later, the tissue was soaked in paraphine,
lengthwide cut and stained by the eosin hematoxylin. The mount-
ing of three histological slides occurred through growth plate, af-
ter digital capture of the images. The height of the plates was
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checked, that is, their thickness, and 9 measurement in the lateral,
intermedium and medium regions were done. The program used
for the measurements was the Image-Pro-Plus 3.0.1. The paired t
test of the Prism 2 01 program was used for the statistical analy-
sis.

The 4 remaining animals were evaluated through radiological
exams at 4 months old, trying to observe any epiphysary alteration
and/or significative discrepancy between the length of the treated
limb and the control. The equipment used for the radiological exam
was the Tridoros 812E model by Siemens The used parameters
were: 150 mA, t = 0,02 s and kV 49, Emic Limex, and anterior-
posterior incidence. The analysis was conducted by two radiology
physicians, members of the Brazilian College of Radiology, both
with 20 years of experience in the field. Initially, a comparative
analysis of the right and left lower limbs was done. The radiolo-
gists did not have previous knowledge of which limb was the ob-
ject of the study. The physicians were then notified about the meth-
odology and the aim of the experiment and a new analysis was
conducted.

RESULTS

The obtained values in the histological analysis showed that in
the control side, the size of the growth plates was around 393,359
± 117,934 µm, and, the treated side presented thickness of 489,354
± 147,386 µm, having a significant variation of 24,40% more on
the treated side (p < 0,0001) (graphic 1).

proteoglycan cellular matrix. Reher et al.(5) credit the stimulus of
bone formation to the colagen synthesis, Li et al.(11) credit the ac-
celeration to the. E2 prostaglandin synthesis, though..

Zhang et al.(13) applied pulsed ultrasound of low intensity for 20
min, during 7 days, in sternum bone culture of chicken embrios
and concluded that the acceleration in the bone formation occurs
by the increase in the condrocytes hypertophy directly in the ter-
minal differentiation, without causing hypertrophy in the hyaline
cartilage. However, Nolte et al.(17) using the same parameters, but
in rat fetuses cells culture, observed increase in the endochondral
calcification after 7th day of application, and the histological analy-
sis presented healthy conditions, similarly to the control. They also
credited the ossification to the direct effect in the osteoblasts and
cartilage calcification.

Spadaro and Albanese(21) studied the effect of the low intensity
ultrasound in growing rats’ long bones during four weeks, with
daily 20 min applications. The results showed that the ultrasound
did not interfere in the femur and tibia’s growth nor allowed in-
crease of the bone mineral density.

Wiltink et al.(15) using metatarsus fragments of mice fetuses,
treated with 1 MHz ultrasound, pulsed 100 Hz (2 ms: 8 ms), with
0,77 W/cm2 (Spacial Average and Temporal Peak – SATP) observed
increase in the length of the proliferative zone of the growth carti-
lage and lack of alterations in the hypertrofic cartilage region, con-
cluding that there was proliferation without stimulation of the cel-
lular differentiation.

Rabbits were chosen for this work due to their suitable size and
easy positioning of the ultrasound head. The tibia proximal region
was selected due to its skin localization, making the positioning of
the transductor easy, and, the ultrasound application way was sub-
aquatic due to greater easiness for handling of the head in the
animal’s back limb region. Moreover, there are few acoustic prob-
lems between water and the soft tissue, leading to little reflex-
ion(22).

Deleterious action of the ultrasound may be observed in this
present study, once its action over the growth plate was seen,
increasing its thickness and leading to evidence of increase in the
metabolism in the plate with probable cellular proliferation.

These data agree with the histological findings by Lyon et al.(4)

who using continuous ultrasound, 1 MHz, 2,2 W/cm2, for 20 min,
in New Zealand female rabbits, obtained a significant increase in
the cartilage thickness. Nevertheless, alterations in the metaphys-
is contour, undistinctive epiphysis line and tibia plateau in curved
shape causing varo angulation, occurred in these authors’ radio-
logical analysis, being the last one not pointed in the actual study.

The radiologists did not find suggestive or characteristic of pos-
sible visible bone alterations radiological signs through the meth-
od. During the reevaluation the physicians were uncertain about
the epiphyses spaces, which was credited to the slight asymme-
try of positioning.

Correlating to the clinical practice, the results point that the ther-
apeutic ultrasound applied with the present parameters, should
not be used for treatment in sites with open growth plate, since
the histological exam showed significant alterations, presenting
epiphyses stimilation. Although the reports presented in the radio-
logical evaluation did not point any visible alterations, the continu-
ation of these exams with the adult animal could present deformi-
ties, a fact neglected in the present study.

In the present study, the small number of animals used for the
histological and radiological analysis was seen as a restriction.
Besides that, other ways of the ultrasound presentation were not
evaluated, namely variations in the density of exit power, in the
base frequency (1 or 3 Mhz) and in the way of giving (continuous
or pulsed).

Graphic 1 – Comparison between the obtained values in the histological
analysis of the thickness of the plates on the not-treated side and treated
side

In the radiological analysis the medical report discriminated: soft
tissues with usual attenuation of the X-rays; bone trabeculae with
homogeneous distribution and density, without areas of osteope-
nia visible through the method; straight and regular surfaces with
preserved spaces; symmetrical growth plates with usual shape
and density. No radiological evidence of bone demineralization ar-
eas was found. After the explanation on the work methods, there
was a new evaluation from the radiologists, who were in doubt
about the plates spaces, however, they attributed such doubts to
a slight positioning asymmetry.

DISCUSSION

The objective of this study was to determine whether the ther-
apeutic ultrasound may cause alterations in the growth plate and
clinically detectable alterations to the radiological exam. According
to Yang et al.(19) and Gebauer et al.(20) the ultrasound stimulus to the
formation of the bone corn is due to the synthesis increase of the
proteins of the extracellular matrix in the cartilage, possibly alter-
ing the chondrocytes maturation and the formation of the endoch-
ondral bone. Parvizi et al.(12) credit the acceleration in the consoli-
dation of fractures to the stimulation in the synthesis of
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CONCLUSIONS

The therapeutic ultrasound of 1 MHz, with dosage in 1 W/cm2

SATA, whenever applied in the continuous way does not produce
alterations tangible through the radiological exam in female rabbits
at 4 months old. On the other hand, when a histological analysis is
done, significant alterations in the cartilage thickness on the treat-
ed side are observed, suggesting an acceleration in the plate me-
tabolism. New studies are necessary for further knowledge on the
morphological and histological responses on the growth plate. Fur-
thermore, considering correlation between studies in animal mod-
els and human models, a safe dosage for pediatric patients, guar-
anting the lack of possible deleterial effects, should be tried.
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