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I. INTRODUCTION

In roanaging symptoms associated with
many temporomandibular  joint  disorders,
pharmacologic therapy can be an effective
method. Although medication does not usually
offer a solution or cure to temporomandibular
joint problems, it does offer the most complete
approach to many problems in conjunction with
appropriate physical therapy and definitive
treatment. Steroids, nonsteroidal anti-inflam-
matory drugs and narcotics are usually used in
the management of temporomandibular joint
problerns to reduce inflammatory responce and
to alleviate painful symptoms.

The most common route for administration of
these drugs to temporomandibular joint is oral
intake or sometimes by intra-articular injection.

However, these administration methods have
some disadvantages of systemic side effect and
infection of injection site. Thus topical appli-
cation methods such as phonophoresis and
jontophoresis were introduced in the manage-
ment of temporomandibular joint problems.
Phonophoresis is defined as the migration of
drug molecules, contained in a coupling or
contact agent, through the skin under the
influence of ultrasound. Phonophoresis on tem-
poromandibular joint has several advantages
over the intra-articular injection. First, because
phonophoresis is noninvasive method of drug
administration, patients complain of little or no
discomfort.” Second, phonophoresis offers a safe
alternative method for delivering a pharmaco-
logic agent without the risk of infection inhe-
rent in a percutaneous injection. Third, it seems
to be relatively devoid of systemic side effects.
Fourth, it is an easy method of application.
Novak” reported the ability of ultrasound to
increase the amount of lidocaine that was
transmitted through the skin and into the
quadriceps femoris muscles of rabbits. Griffin
and Touchstone™” reported in vitro research
on pig tissue demonstrating that ultrasound
could drive cortisol into skeletal muscle and
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paravetebral nerve. They did not imitate the
clinical application of the ultrasound, because
the ultrasound head was kept stationary rather
than being moved in a circular pattern. Keeping
the head stationary results in pain from
excessive heat. Griffin et al” reported that
hydrocortisone phonophoresis is superior to the
ultrasound alone in alleviating pain and inflam-
mation. Wingﬁ) reported a case study describing
the use of phonophoretically driven hydrocorti-
sone for a patient with temporomandibular joint
dysfunction. Ciccone et al.” studied the effects
of ultrasound and phonophoresis using an anti-
inflammatory-analgesic cream(trolamine sali-
cylate) on delayed-onset muscle soreness, and
they found salicylate phonophoresis may be
useful in clinical situations.

However, there were other reports that didn’t
show positive effects from phonophoresis.
McElnay and co-workers” reported that ultr-
asound did not significantly increase the
percutaneous absorption of lidocaine. Benson et
al” found that ultrasound did not enhance the
percutaneous absorption of benzydamine under
the experimental conditions of the study. Muir
et al.'” compared ultrasonically applied vs. intra
-articular injected hydrocortisone levels in
canine knees. They found intra-articular hy-
drocortisone levels obtained with phonophoresis
were extremely low in comparison with those
obtained with intra-articular injection.

From the literature reviews, most of the
reports were anecdotal or not scientifically de-
signed and it seems that the clinical effective-
ness of phonophoresis is controversal still now.
The purpose of this study was to evaluate the
pain-relieving effect of indomethacin phono-
phoresis on temporomandibular joint pain with
randomized double-blind method.

0. MATERIALS AND METHODS
1. Subjects

Twenty patients, 15 females and 5 males, who
visited the Department of Oral Medicine,
Kyungpook National University Hospital for the
treatment of temporomandibular joint disorder
served as subjects. For inclusion in the study,
subjects had to have temporomandibular joint
pain as a chief complaint and tenderness on
palpation of temporomandibular joint. Patients
with polyarthritis or rheumatoid arthritis were
excluded by radiological and laboratory findings.

All subjects were randomly assigned to one
of the control group(n=10) and the indome-
thacin group(n=10). Although average age of
the control group was 1870£4.64 years and
that of the indomethacin guroup was 26.20%
13.48 years, there was no statistical difference.
Average body mass index was 20.12+1.11 for
the control group and 2047%*2.31 for the
indomethacin group(Table 1).

Table 1. Demographic characteristics of the experimental groups

Group
P-value
Control Indomethacin
Age 18701464 26.201+13.481 0.124
Sex ratio(M/F) 3/7 2/8 0.628
BMI+ 2012+1.11 20471231 0.669

CBMI Body Mass Index
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2. Equipment

SUS-2N(Shin Jin Ultrasonic, Seoul, Korea)
with a fixed frequency of 1IMHz and 34mm in
diameter transducer head was utilized for ultr-
asound application. Intensity ranges from 0.8 to
1.5 W/em® according to patient tolerance. The
moving technique was used, as it is less likely
to result in tissue burning. All treatments were
given for 15 minutes.

3. Assessment of Pain Intensity

Pain intensity was assessed with subjective
pain reporting and measurement of pressure
pain threshold(PPT). Visual analogue scales(
VAS) were used to assess subjective ratings of
the subject’s current pain intensity. Anchor
words on the 100mm horizontal lines were 'no
pain’ on the left side and 'most intense pain
imaginable’ on the right. Subjects were asked
to record their pain intensity on the lines.

For the measurement of PPT, the pressure
algometer (Electronic Algometer Type I, So-
medic Production, Stockholm, Sweden) was
used. This instrument is a digital force gauge
connected to a pressure probe with lem round
rubber tip on its end. It is used to assess
sensitivity by applying constantly increasing
pressure, at a rate of 30 kPa/sec, over the TM]
until the subject first feels pressure change to
pain. The subjects were instructed to push the
stop button at the moment he first feels pain.
Each PPT was defined by the mean of two or
three trials. A double blind trial was used for
the study.

4. Treatment Protocol

1) Clinical examination of each subject for tem-
poromandibular joint was performed and the

subjects were randomly assigned to one of
the control group and the indomethacin
group.

2) Baseline VAS and PPT were recorded for all
subjects of both groups on the first day
before treatment.

3) For the control group, treatment of ultra-

sound application using plain gel (Aguasonic

® Parker Laboratories, Inc, US.A) were
performed on 2 consecutive days.

For the indomethacin group, treatment of

ultrasound application using 1% indome-

thacin gel (Vigel®, Chodang Pharma. Inc.,

Korea) were performed on 2 consecutive

days.

5) Post-treatment VAS and PPT were recorded
on the second day of treatment by other
person who didn’t know which group the
subject was belong to.
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5. Data Analysis

The mean VAS and PPT for each group
were compared between the baseline record and
the post-treatment record using paired t-test.

. RESULTS

While the subjective pain report expressed by
VAS showed decreased pain level after appli-
cation of ultrasound with or without use of
indomethacin, the statistical significance was
found in indomethacin group(P<0.05), not in
control group (Table 2).

The pressure pain threshold was statistically
increased after application of indomethacin pho-
nophoresis(P<0.06), but there was no statistical
differance between baseline and post-treatment
PPT values in control group (Table 3).
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Table 2. Comparison between baseline and post-treatment by VAS for the control and the indomethacin

group
Group P-value
Baseline Post-treatment
Control 4955+17.99 4350*14.81 0.2603
Indomethacin 60.27+14.90 46.44+12.10 0.009

Table 3. Comparison between baseline and post-treatment by PPT for the control and the indomethacin

group

Group P-value
Baseline Post-treatment

Control 169.32+ 3861 179.01+44.37 0.4635

Indomethacin 167.39£64.43 195.87£67.80 0.0054

IV. DISCUSSIONS

Ultrasound includes mechanical vibrations in
excess of the range audible to the human ear
(above 16,000 vibrations/sec or 16kHz). It is a
propagated periodic disturbance in an elastic
medium that causes the component atoms of
the medium to vibrate about their positions of
equilibrium and cause propagation of energy.
Therapeutic ultrasound is not a new form of
treatment. In medicine, osteopathy, chiropractic
treatment, and physical therapy, the use of
ultrasound at power levels capable of causing
heating and biologic effects is extensive and
considered to be the most prevalent source of
ultrasonic irradiation to humans.**® The ob~
jectives of ultrasound treatment are to ac-
celerate healing, increase the extensibility of
collagen fibers, decrease joint stiffness, provide
pain relief, improve mobility, and reduce muscle
Spasm.w'm

Ultrasound energy is rapidly attenuated in air.
Therefore in order to be effective, it must be
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transferred efficiently from the ultrasound
transducer into the skin. The transmission
characteristics of topical proprietary prepara—
tions containing drugs suitable for use with
ultrasound have recently been investigated. Gel
formulations were found to be the most suitable
coupling agents.m

Although the ultrasound therapy has been
introduced as an adjunct treatment modality for
the managememt of temporomandibular joint
disorders, its clinical use was defined chiefly to
the treatment of muscle symptoms more than
temporomandibular joint symptoms. Esposito et
al’” reported that therapeutic ultrasound can be
used effectively to alleviate discomfort of
myofascial pain-dysfunction syndrome(MPDS)
that does not respond to occlusal splint therapy
and it is most successful in alleviating muscle
symptoms and least effective in reducing
symptoms associated with the disk. Grieder et
al’” also reported that ultrasonic therapy alone
was not effective in relieving symptoms of
temporomandibular joint dysfunction.



In this study, temporomandibular joint pain
was not decreased significantly with ultrasound
therapy alone. It is consistent with the resuit of
the previous study.m However, Grieder et al”
pointed the ultrasound therapy itself would be
of some benefit in hastening and making more
effective the relief of temporomandibular joint
pain when used as an adjunct to the accepted
modalities of treatment, such as occlusal splint
therapy, heat applications, acupuncture and
muscle-conditioning exercises.

However, phonophoresis is quite different
from simple ultrasound therapy in the respects
that drug is delivered to deep tissues by
ultrasound energy and the clinical effect would
be associated with the phamacologic action of
the drug. The exact mechanism of phono-
phoresis 1s still unknown, but there are several
theories which explains the mechanism of
action. Ultrasound causes mechanical distur-
bance in an absorbing medium and mechanical
energy 1s continually converted into heat. This
thermal change is thought to mediate phono-
phoretic drug delivery.l&w) However, control
experiments that show whether heat alone can
have similar effect are lacking. The effect of
ultrascund on a biological system may also be
associated with cavitation, the formation of
small gaseous inclusions. ™ Cavitation may
cause mechanical stress, temperature elevation,
or enhanced chemical reactivity causing drug
transport. One theory suggests that ultrasound
affects the permeation of the stratum corneum
lipid structure as the limiting step in permeating
through the skin,

Although phonophoresis may have some
henefits over simple ultrasound therapy or intra
-articular injection of drug, the clinical reports
of its use for the treatment of joint problems
are scarce and the results are not consistent.
Wing”' described the clinical effect of hydro-

cortisone phonophoresis on the patient who had
temporomandibular joint pain, but Muir et al.!"
compared ultrasonically applied vs. intra-arti-
cular injected hydrocortisone levels in canine
knees, and found intra-articular hydrocortisone
levels obtained with phonophoresis were extre-
mely low than those obtained with intra-
articular injection.

In the present study, after application of
indomethacin phonophoresis over painful TM],
the subjective pain reporting was significantly
decreased, as well as the pressure pain thresh-
old was significantly increased. However, such
changes were not found in the control group.
These results suggested indomethacin phono-
phoresis would be effective to relieve temporo-
mandibular joint pain,

REFERENCES

1. W. Smith and R. Parette : Comparative study using
four modalities in shinsplint treatments, f. Orthop.
Sports Phys. Ther., 8(2):77-80, 1986.

2. E. J. Novak : Experimental transmission of lido-
caine through intact skin by ultrasound, Arch.
Phys, Med. Rehabil., 64:231-232, 1964,

. ] E. Grffin and J. C. Touchstone : Ultrasonic
movement of cortisol into pig tissues . L
Movement into skeletal muscle, Am. J. Phys. Med.,
42:77-85, 1963

4, ]. E. Griffin,]. L. Echtermach, R. E. Price, and J. C.
Touchstone : Ultrasonic movement of cortisol into
pig tissues ; 1. Movement into paravertebral nerve,
Am. J. Phys. Med., 44(1):20-25, 1965.

5. ). E. Griffin, J. L. Echtermmach, R. E. Price, and J. C.
Touchstone Patients treated with ultrasonic
driven hydrocortisone and with ultrasound alone,
Phys. Ther., 47(7):594-601, 1967.

6. M. Wing @ Phonophoresis with hvdrocortisone n
the treatment of temporomandibular joint dysfunc-
tion, Phys, Ther,, 62(1): 32-33, 1932,

. C. D. Ciccone, B. G. Leggin, and J. ]. Callamaro :
Iffects of ultrasound and trolamine salicvlate

s

~1

3381



10.

1L

13.

phonophoresis on delayed-onset muscle soreness,
Phys. Ther., 71(9):666-675, 1991.

. J. C. McElnay, M. P. Matthews, R. Harland and D.

F. McCafferty : The effect of ultrasound on the
percutaneous absorption of lignocaine, Br. J. Clin.
Pharmac., 20:421-424, 1985,

. A. E.. Benson, J. C. McElnay and R. Harland : Use

of ultrasound to enhance percutaneous absorption
of benzydamine, Phys. Ther., 69(2):139-142, 1989.
W. S. Muir, F. P. Magee, J. A. Longo : Comparison
of ultrasonically appied vs.intra-articular injected
hydrocortisone levels in canine knees, Orthop. Rev.
19(4):351-356, 1990.

Stewart, H. F., Repacholi, M. H,, and Benwell, D. A.
. Ultrasound therapy: Essentials of Medical Ultra-~
sound, Clifton, N.J., Humana Press, 1982.

. Stewart, H. F., and Stratmeyer, M. E. : An Over-

view of Ultrasound: Theory, Measurement, Medical
Applications and Biologic Effects. Rockville, Md,,
U.S. Dept. of Health and Human Services, 1982.
Lehmann, J. W, and Guy, A. W. : Ultrasound ther-
apy. In Reid, J. M,, and Sikow, M. R., editors:
Interaction of Ultrasound and Biological Tissues.
Washington, D.C., Government Printing Office,
1972,

. Dyson, M. C,, Franks, D., and Sucking, J. : Stimul-

ation of healing of varicose ulcers by ultrasound,

382

15,

16.

17.

18

18.

20.

21,

22,

Ultrasound, 14:232, 1976.

H. A. E. Benson and J. C. McElnay : Transmission
of ultrasound energy through topical pharmaceu-
tical products, Physiotherapy, 74(11):587-591, 1988.
C. J. Esposito, S. J. Veal and A. G. Farman : Alle-
viation of myofascial pain with ultrasonic therapy,
J. Prosthet. Dent., 51(1):106-108, 1984,

A. Grieder, P. W. Vinton, W. R. Cinotti, and T. T.
Kangur : An evaluation of ultrasonic therapy for
temporomandibular joint dysfunction, Oral Surg.,
31(1):25-31, 1971.

D. Levy, J. Kost, Y. Meshulam, and R. Langer:
Effect of ultrasound on transdermal drug delivery
to rats and guinea pigs, J. Clin. Invest., 83:2074-
2078, 1989.

J. T. Newman, M. D. Nellermoe, and J. L. Carnett
: Hydrocortisone phonophoresis, J. Am. Podiatr.
Med. Ass., 82(8):432-435, 1992.

E. J. Baldes, J. F. Herrick, and C. F. Strobel : Bio-
logic effects of ultrasound, Am. J. Phys. Med,
37:111-121,1958,

J. E. Griffin : Physiological effect of ultrasonic
energy as it is used clinically, J. Am. Phys. ther.
Assoc., 46(1): 18-26, 1966.

J. W. Gersten : Non-thermal neuromuscular effects
of ultrasound, Am. J. Phys. Med,, 37:235, 1958.



QMBS o] §3 SIFE R o)
zEsRar S5 $5a
Audstn A vs PAgHe 24

1o AL FFdRE B oM AErel] EeXAl 2o FE s ANE Htel] 9

2

s

stet B8 71 2099l BAEo] o] @Fol Aeddct. 109 AEHEAIS o oho] 283
1ok T 1098 £4 2850 ARG AL oS3 243 ARE BT SELHANE
A ARAS ARF G5 FAFAGNE o FWAYOR HASAT

~
£

i

_!::L
ir
> o

c B o g 40 2 g
i
EO

{

i
=
3R
o 3 %
~E

EflE 013“0}01 259 ARE L T2 FFATL FYSAAA AN o folF FF A

Fo] LM E AR FFAFS FHEAGA AN TF HEE ZIAAT &
%4 3t 3ttt o] A ST BEF oM B 20 ARHD I XA
fAolgte AL ulgct

=2

i rO ok N f e s

2y
2w
_‘I‘,G
WHU

IO



