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ABSTRACT

INTRODUCTION: Mandibular fractures are considered a significant percentage of maxillofacial trauma. Multiple techniques,
have been used to improve mandibular fracture healing over the years. Low Intensity Pulsed Ultrasound (LIPUS) has recently been
used in orthopaedic surgery for improvement of bone union, but was rarely investigated for facial bones.

OBJECTIVE: The aim is to compare the efficacy of the use of LIPUS in accelerating bone healing of jaw fractures after open
reduction versus the use of conventional miniplates only, investigated both radiographically and clinically.

MATERIALS AND METHODS: In an interventional study, 18 cases with jaw fractures were assigned to two groups at random:
the study group and the control group, having 9 participants in each group. Both groups underwent open reduction and internal
fixation using two conventional miniplates but only the study group received LIPUS stimulation (1.5MHz, 30W/cm2) for 20
minutes on postoperative days 4, 8, 14 and 20. The control group did not receive LIPUS. Clinical evaluation included wound
healing, occlusion and pain intensity. Radiographic evaluation using immediate Cone Beam Computerized Tomography (CBCT)
and postoperative CBCT after 12 weeks were used to determine the efficacy by measuring various variables, including bone density
and radiographic fracture healing.

Results After twelve weeks, both groups had normal occlusion and normal sensory function. The

wound healing was measured using landry’s score index, there was a significant difference in

both groups along the follow up period (p<0.001) and a statistically significant reduction in

pain intensity (p<0.001). The average bone density improved statistically significantly in both

groups A (p<0.001) and B (p<0.001) when comparing post-operative 12 week values to

preoperative values.

CONCLUSION: Based on the favourable clinical and acceptable radiographical outcomes of our study, it is concluded that the
application of low intensity pulsed ultrasound in mandibular fractures could potentially speed up the healing process, decrease the
pain and postoperative complications.
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INTRODUCTION

The process of bone healing involves various
biochemical and biomechanical processes. It
includes various direct and indirect techniques to
promote fracture healing and reduce the need for
surgery have been introduced, including the use of
lasers(1), drugs (2), extracorporeal shock wave (3),
and ultrasound bio-stimulation (4).
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Ultrasound waves have been widely used as both for
diagnosis and therapy in the medical and surgical fields.

It has been used to treat various pathologies. In
maxillofacial field, both intensities in ultrasound waves
(high and low) are used to treat a range of clinical
conditions, such as temporomandibular joint disorders (5).
Ultrasound refers to waves with a frequency greater
than 20 kHz. The power intensity of an ultrasound
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wave is a measure of the energy it produces and is
typically measured in W/cm2. Therapeutic and
surgical ultrasound intensities can range from 1 to 3
W/cm2. Ultrasound devices used for diagnosis
typically use a much lower intensity of only 10 to 50
mW/cm2 (6).

Studies have shown that low-intensity ultrasound
can decrease healing time in both animal and
human trials, particularly for long bones, providing
further evidence for its effectiveness (7, 8).

In this study, the research and the utilization of
low-intensity ultrasound for jaw fractures was
clinically measured and analysed due to the positive
and notable outcomes found in the previous
researches (9, 10) using LIPUS. In the literature (9)
there is evidence that LIPUS aids in the bone
healing in mandibular fractures after closed
reduction, but its effect on bone healing is still not
fully known after open reduction and internal
fixation with minimal movement between the bone
segments. And, it has been found that the natural
process of bone fracture healing, despite being a
simple process, is capable of supporting clinically
significant loads.

Therefore, the aim of our trial was to assess the
effectiveness of low intensity pulsed ultrasound
(LIPUS) in enhancing bone healing for patients
with mandibular fractures, with a focus on both
radiographic and clinical outcomes.

The null hypothesis is there is no dissimilarity in
the clinical and radiographic performances on bone
healing and density between using LIPUS with
reduction and fixation using miniplates without
LIPUS.

MATERIAL AND METHODS

This clinical trial followed a prospective
randomized controlled design with an allocation
ratio of 1:1. The study was performed according to
the CONSORT guidelines (http://www.consort-
statement.org) for setup and reporting. The sample
size was determined assuming a 5% alpha error and
80% study power, with a calculated sample size of
9 patients per group to account for potential patient
loss to follow-up (15 patients in total). The enrolled
patients were divided into two groups equally:
Group 1, which underwent open reduction and
internal fixation using conventional miniplates and
received subsequent LIPUS treatment (1.5 MHz, 30
mW/cm2), and Group Il, which was treated using
two conventional miniplates without LIPUS.

The criteria for patients’ selection specified that adult
patients between the ages of 20-40, regardless of
gender, who had uninfected mandibular fractures
(symphyseal, parasymphseal, or body) and agreed to
be present for follow-up visits for 3 months were
eligible for enrolment.

Materials

The Miniplates 2.0-mm System Plates used in the
study were manufactured by Stema Medizintechnik

Alexandria Dental Journal. Volume 49 Issue 3A

Low intensity pulsed ultrasound application in mandibular fractures

GmbH in Stockach, Germany (www.stema-
medizintechnik.de). The plates were paired with 2.0
mm diameter screws made of titanium alloy (Figure
1). Both groups received the same miniplates for
reduction and fixation of the fracture line. LIPUS
(Physioled low intensity pulsed ultrasound) (LED
SpA // Via Selciatella, 40 // 04011 Aprilia (LT) //
ITALY), is a newer method that can speed up the
healing fractures. In this trial, LIPUS was applied to
patients using a frequency of 1.5 MHz, a signal burst
width of 200 ms, a signal repetition frequency of 1
kHz, intensity 30 mW/cm2, with a time of
approximately 20 minutes per day (Figure 2). It's
important to note that therapeutic and operative
ultrasound intensities are typically much higher,
ranging from 1 to 3 W/cm2.

Methods

I. Preoperative assessment

Patients medical history was taken, then underwent

a comprehensive clinical examination, which

included both intra-oral and extra-oral assessments.

Prior to surgery, a computed tomography (CT) scan

was conducted to assess the extent and

displacement of the fracture line, as well as the
presence of vital structures in the fracture site.

(Figure 3 A)

Il. Surgical procedure

1. Before surgery, patients received prophylactic
antibiotic treatment with Cefotaxime 1 gm/12
hours (Cefotax, E.I.P.I.C.O., Egypt) prior to the
surgical procedure.

2. General anaesthesia and nasal intubation were
applied to all patients whom underwent the
surgery.

3. The surgical site was prepared using sterile
towels and swabs soaked in povidone-iodine
solu';ion (Betadine 7.5 percent; Purdue Products
L.P.

4. Fracture line was exposed through intra-oral
approach or the existing extra-oral wound
according to each one.

5. The fracture was mobilized, and any soft tissue
that was caught within the fracture line was
removed. The treatment of teeth in the fracture
line involved either extraction or preservation,
depending on the individual case.

6. After the bone was reduced into its proper
anatomical position, intermaxillary fixation
(IMF) was temporarily secured to ensure proper
occlusion.

7. Two conventional miniplates were applied
according to Champy's osteosynthesis lines.
(Figure 3 B).

8. Removal of the inter maxillary fixation.

9. Suturing was done.

I11. Ultrasound treatment

For Group A LIPUS treatment was done on day 4,

8, 14, 20 for 20 minutes with a frequency of 1.5

MHz and a wavelength of 30mW/cm? (Figure 4).

Group B received no treatment.

IV. Postoperative care

All patients were advised to apply an ice pack
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extra-orally for 12 hours immediately following the

surgery. Sutures were removed on the 8" day

postoperative.

Postoperative medication

e The patient will receive medication through a
vein called cefotaxime, 1 gram every 12 hours
for the first 3 days, and then they will switch to
Amoxicillin - and clavulanate  (Augmentin:
Amoxicillin 875 mg + Clavulanic acid 125 mg:
GlaxoSmithKline, UK) 1 gram twice a day for
the following 5 days. Metronidazole (Flagyl:
metronidazole 500mg: GlaxoSmithKline, UK)
500mg every eight hours for 5 days.

e a-chemo-trypsin (a-chemo-trypsin: Leurquin
France, packed by Amoun pharmaceutical
CO.S.A E-Egypt) ampoules as anti-oedematous
once daily for 5 days.

o Diclofenac potassium (Cataflam: Diclofenac
Potassium 50mg: Novartis-Switzerland) 50mg
every eight hours for 5 days.

Follow up phase

A thorough follow-up was performed after the

LIPUS treatment on days 5, 9, 15, 21 for the

measurement of the following clinical variables. For

all patients, evaluation of postoperative pain using a

10-point Visual Analogue Scale (VAS), and wound

healing, using modified Landry's index table were
performed (11), occlusion checking the centric
occlusion, which is the maximum intercuspal
position, is used to ensure that the teeth are in the
correct position in relation to each other (12), Nerve
function was evaluated by asking patient if they
noticed any changes in sensation (subjective
assessment) and by using dental probe with
pressure to notice sensory nerve change (objective
assessment) (13), wound infection, Wounds that
were closed with sutures were checked for any

indications or symptoms of infection (14).

V. Radiographic evaluation

Immediate CBCT scan was used to evaluate if the

alignment of the fractured bones is satisfactory and

fixation, and then another CBCT was taken at 12"

week determine the average density of the bone at the

site of the fracture and compare it with the bone
density measured in the immediate postoperative CBCT
scan (15) (Figure 5 A, B). Six measurements were made
along the fracture line, and the average bone density was

calculated for each measurement (16).

V1. Statistical Analysis

Descriptive statistics, plots, and the Shapiro-Wilk

normality test were used to check the normality of all

variables. Descriptive statistics were calculated as
means, standard deviation (SD), median, interquartile
range (IQR) and range (Min — Max) for quantitative
variables. Comparisons between the two study groups
were done using Mann-Whitney U test for quantitative
(age, VAS, and bone density) and qualitative ordinal
variables (Landry’s index), while comparisons
between different time periods within the same group
were done using Wilcoxon signed rank test (two
timepoints only) and Friedman test (three or more
timepoints). Comparisons of qualitative nominal
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variables between the two study groups were done
using chi-squared along with Fisher exact tests (17).

RESULTS

Patients' ages varied between 20 to 40 years with the
mean age of group A 28.56 £7.45 and group B 30.56
+6.92. The included study population showed a
higher percentage of males (66.7%) compared to
females (33.3%). No notable difference between two
groups as regarding age and sex.

Out of the eighteen cases in this study; in this study
five patients had fractures in the right side, eight in
the left side and five had midline fractures
(sympheseal). Throughout our study, fifteen
patients were presented with isolated mandibular
fractures (sympheseal, parasympheseal and body)
in both groups. On the other hand only three
patients were presented with associated fractures in
the maxillofacial area in both groups.

Clinical Evaluation

In relation to the 24h postoperative values,
according to VAS, all patients had a notable
reduction in pain level during the follow-up
duration (P value <0.001) (Figure 6).

During the follow-up period, three patients were
presented with malocclusion in group A and two
patients in group B. MMF was done to restore the
occlusion. Normal occlusion was achieved
successfully without the need for selective grinding,
selective extraction or any occlusal modification.
One patient in group (A) and two patients in group
(B) presented with postoperative inferior alveolar
nerve sensory disturbance. Nerve injury gradually
decreased by the 21 day follow up postoperatively
and completely resolved for patients in group B. In
contrast, for group A patient the sensory nerve
disfunction continued and did not resolve (Table 1).
Which was due to the position of the fracture line
crossing the mental foramen.

Two cases in group A and two in group B noted
wound dehiscence and infection with a mild pus
discharge which was traced back to the oral hygiene
and a devitalized teeth due to trauma on the side of
the fracture.

Postoperative wound healing was scored using
Landry’s scale index score, there was a notable
difference between the two groups at day 15 (p=0.01).
There was no notable difference observed between the
groups at any other point in time. But there was a
notable difference in both groups along the entire
follow up period (p<0.001). However, at the 4™ week
of the follow-up period, the wound had healed due to
secondary intention in both groups. (Table 2)
Radiographic Evaluation

Regarding the immediate post-operative scan, both
groups showed statistically insignificant difference
(P=0.73). The mean immediate post-operative bone
density for the study group was 441.14 +85.83,
while a mean of 439.42 +97.64 was reported in the
control group. A mean three months postoperative
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bone density calculation for the study group was
1007.04 +169.17, while a mean reported value of
1023.93 +£192.39 was revealed in the control group.
The intergroup comparison regarding the three
months mean bone density postoperatively was
statistically insignificant (P= 0.93). In both groups,
the difference between three months and immediate
mean bone density was statistically significant (P=
0.008* and P=0.008* respectively) (Table 3

ganot

Figure (5): (@) Immeditae postoperative. (b) 3
months postoperative.
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Figure (2): Physioled low intensity pulsed . . ]
ultrasound. Figure (6): VAS in the two study groups at different

timepoints (same figure different type).

Table (1): Comparison of sensory nerve function
between two studied groups at different time points
Test Control (n=

(n=9) 9) Fisher exact test
P value
N (%)
Normal (88.89%) 7 (77.8%) X2= 0.40
. Numbness (11.11%) 2 (22.2%) Pee= 1.00
. (2) . (b) . Normal 80 7(77.8%) N

Figure (3): (a) Preoperative CT scan. (b) Reduction (88-19@ X040

N . . _—y

and fixation using miniplates. Numbness | (4 qp | 2(222%)

Normal 7 (77.8%) X2=0.40

Pee=1.00

8
(88.9%)

Numbness 2 (22.2%)

1
(11.1%)

Normal 7 (77.8%) X2= 0.40

Pee=1.00

8
(88.9%)
1

Numbness 2 (22.2%)

(11.1%)

8 )0/
Normal (88.9%) 9 (100%)
1

X?=1.06

Day 21 Pre= 1.00

Numbness 0 (0%)

(11.1%)

Cochran’s Q test Q=28.00
P value : P=0.09

X2: Chi-square, Pee: Fisher exact test
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Table (2): Comparison of Landry’s index between
the two groups at different timepoints.

Control

Test (n=9) (n=9)

N (%)

MWU test
P value

Very poor (1) 7 (77.8%) 6 (66.7%)
Poor (2) 2 (22.2%) 3 (33.3%)
Good (3) 0 (0%) 0 (0%)

Very good (4) 0 (0%) 0 (0%)

Excellent (5) 0 (0%) 0 (0%)
Mean (SD) 1.22 (0.44) 1.33 (0.50)

Median 1(1,2)
1oR) 1(1,15)

24 hours

Veri’l')’oor 4(444%) | 7(77.8%)
Poor (2) | 3(333%) | 2(222%)
Good 3) | 2 (22.2%) 0(0%)

Very good 0 (0%) 0 (0%)

4)
Excellent(5) | 0(0%) 0(0%)
Mean (SD) | 1.78(0.83) | 122 (044)

Median
(I0R) 2(1,25) 1(1,15)

Very poor (1) 2 (22.2%) 3 (33.3%)
Poor (2) 4 (44.4%) 5 (55.6%)
Good (3) 2 (22.2%) 1 (11.1%)

Very good (4) 1(11.1%) 0 (0%)

Excellent (5) 0 (0%) 0 (0%)
Mean (SD) | 2.22(0.97) | 1.78(0.67)
Median (IQR)| 2(15,3) 2(1,3)

Very poor (1)) 0(0%) 0 (0%)
Poor (2) 2 (22.2%) 6 (66.7%)
Good (3) 1(11.1%) 3 (33.3%)

Very good (4) 6 (66.7%) 0 (0%)

Excellent (5) 0 (0%) 0 (0%)

Mean (SD) 3.44 (0.88) 2.33 (0.50)

Median (IQR)| 4 (2.5,4) 2(2,3)

Very poor (1) 0 (0%) 0 (0%)
Poor (2) 0 (0%) 0 (0%)
Good (3) 3(33.3%) 6 (66.7%)

Very good (4 0 (0%) 1(11.1%)
Excellent (5) 6 (66.7%) 2 (22.2%)

Mean (SD) 4.33(1.00) | 3.56(0.88)
Median (IQR)| 5 (3,5) 3(3,45)

Friedman test x12=31.57 | xr2=29.22
P value p <0.001* p <0.001*

Table (3): Comparison of bone density between the

two studied groups
_ Control MWU
Test (n=9) (n=9) P value

439.42
oy | 44114 (e589) oron
: 43533 422.30
'\f'%’s)” (382.60, (38L.75,
483.33) 474.61)

] 311.89 -
Min — Max| 318.33 —483.33 662.50

Mean

Immediate

1007.04 1023.93
(169.17) (192.39)
1007.17 976.76

Mean (SD)

Mﬁ‘é‘?g (859.64, (929.70,
1119.18) 1014.36)

| 84970 87185
133750 1521.80

Mean

142.80
(D) 134.27 (52.90)

(69.53)

. 124.43
Median 116.47 (110.95,

(IQR) | (99.21,171.59) 174.66)
Min — Max| 64.47 24146 |41.75- 29548

Percent
change

WSR p value
Immediate vs. 3
months
XZ: Chi-square, Pre: Fisher exact test
*statistically significant at p value <0.05

Z=2.67 Z=2.67
P=0.008* P=0.008*
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DISCUSSION

The study was conducted only on fractures of the
anterior mandible (sympheseal, parasympheseal) and
body to make sure no differences in results or
variations in the treatment outcomes.

In addition, the study included cases with displaced
fractures that needed reduction and fixation using the
conventional miniplates using the principles of Champy
(18) which gained popularity over the time. They were
introduced into the management of mandibular
fractures, which resulted in a significant reduction in
surgical soft tissue damage, improved handling, gave
reasonable stability, and repair of mandibular fractures
(18, 19). Gopalan et al., (10), as mentioned bhefore, used
LIPUS on displaced fractures. Patel et al., (9) study
involved patients who had undisplaced fractures that
were treated solely with intermaxillary fixation.
Demographic outcomes of this work revealed a mean
age of 28.56 +7.45 with a male to female ratio 2:1.
The literature shows several reports with alike
demographic data (20, 21). The epidemiology of
maxillofacial trauma in Egypt was investigated by
Mabrouk et al., (22) in 2014, it reported a mean age of
25.6. Despite being lower than the reported value, still
it is within range.

The sensory nerve sensation is an important aspect
in the evaluation of any treatment modality used to
manage mandibular fractures. Sensory nerve
disruption could be causes due to severe fracture
line displacement, poor anatomical reduction,
entrapped or over compressed nerve or due to
iatrogenic screw insertion into the canal (23). A
subjective and objective appraisal was performed to
every patient in the group and was found that 1 case
yielded inferior alveolar nerve dysfunction in the
first follow up 11.1% and 22.2% in group B. The
case in group A suffered from a body fracture line
that went exactly crossing the foramen, so on
reduction and plate fixation the nerve was
compressed and this explains the numbness that had
occurred and did not resolve until the last follow up
on day 21. These findings agree with Tay et al(24)
stated that the overall prevalence of IAN injury was
33.7% before treatment and 53.8 after treatment
which shows that after treating mandibular fractures
there is a higher risk of numbness and loss of
sensation due to nerve injury.

The presence of postoperative malocclusion using
conventional miniplates is not noted in many
studies, but postoperative malocclusion depends
mainly on the degree of displacement of the
fracture, site of the fracture, the presence of more
than one fracture line and the time of
immobilization of present (25). Of course
malocclusion can occur with a minimal displaced
fracture. IMF is the only treatment that gives good
occlusion with good anatomical relation but at the
expense of prolonged functional limitation. In this
study 2 cases in group A had malocclusion and 2
from group B also. There was no significant

18



Tammam.et.al

difference between the 2 groups. All cases where
treated with IMF to restore the occlusion as been
mentioned it is the only way to ensure a good
occlusion (25).

The level of postoperative pain was evaluated using
the visual analogue scale (VAS). These findings
support that acute post trauma injury cause's
inflammation that causes postoperative pain.
Therapeutic ultrasound has been demonstrated to be
a valuable modality in the treatment of
musculoskeletal disorders and is widely used in
physiotherapy. It has also been utilized to address
pain dysfunction syndrome and temporomandibular
joint disorders. These findings are consistent with
those of Patel et al., (9) and Gopalan et al., (10),
which indicate that LIPUS accelerates pain reduction
by decreasing the inflammation. Ultrasound has
thermal and mechanical effects on the target tissue
resulting in an increased local metabolism,
circulation, extensibility of connective tissue and
tissue regeneration and thus decreasing the
inflammation (26).

The result findings of landry’s score index to assess
wound healing agrees with those of Gopalan et al.,
(17). The findings support that LIPUS is mechanical
vibration with frequencies above the limit of human
sound detection, and can be transmitted into the
body as high-frequency acoustic pressure waves
(27-29). It has been recognized that such waves
produce mechanical stimuli in living tissues,
resulting in biochemical events promoting tissue
healing(30, 31).

In this study there was a great correlation between
the grey scale values in the CBCT and the bone
density. This suggests that quantitative radiological
methods for assessing bone density using CBCT
scans are dependable. In this study bone density in
both groups was statistically significantly increased
through the follow up period (p= 0.008%),
comparing the immediate CBCT with the 3 months
postoperative CBCT. A similar increase in average
bone density was reported by several studies (9, 10)
using LIPUS treatment to accelerate bone healing,
which agrees with these results.

This study did not find any notable difference in the
radiographic bone density between the two groups.
However, a clinical study conducted in 2015 by Patel
et al., (9) showed that ultrasound therapy using 1
MHz and 1.5 W/cm2 on alternate days for 12 days
and 5 minutes per session resulted in increased
radiographic bone density in the study group
compared to the control group. In contrast, we used
LIPUS (1.5 MHz, 30 mW/cm2) for 20 minutes daily
for only 4 days (on postoperative days 4, 8, 14, and
20) for surgically treated fractures, which was based
on a study conducted in 2020 by Gopalan et al., (10).
Ahmed et al., (32) used CBCT to measure the bone
density after treating mandibular fractures using
extracorporeal shockwaves on group A, LIPUS
treatment in group B and group C received nothing.
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The results in group B and group C increased
significantly through the follow up period which
was the same as our study (3months) but did not
show significant increase compared to each other.
Which agrees with our study findings that showed
no significant difference between both groups.

Patel et al., (9) evaluated the radiographic density
of the fracture site using five points in six different
radiographs taken at weekly intervals. There was a
notable difference in the radiographic density on 3™
and 5" week between the two groups (p>0.01).
Radiographic density was 21.64% in the LIPUS
treated group than the control group. This does not
agree with our findings in this study. May be
because in the former study they used a different
measuring method and measured the fracture zone
every week for six weeks immediatly after the
treatment.

Our results disagreed with Gopalan et al., (10) who
stated in there study that on assessing radiographic
bone density on week 4, 8 and 12 found notable
increase in bone density. In the former research the
method of measurement is different. They used
Moed’s scale (ultrasonography) for measuring the
callus formation at the fracture site, which gave
different measurements than those found in our
study.

In conclusion, our study suggests that LIPUS
treatment applied on mandibular fractures has
favourable contributions in aiding in bone healing in
healthy patients. Ultrasound may have positive
effects in treating delayed unions, aiding in callus
formation using distractors or in cases of
osteoradionecrosis (33). Given access to the former
studies, LIPUS treatment is of huge effect on the
callus formation which in turn aids in bone healing.
This research is limited by limited amount of
patients with only a single anterior or body
mandibular fracture. Associated fractures may be a
confusing factor, that may lead to occlusal
instability that can interfere with the bone healing
(23). Furthermore, this study was limited by the
way of measuring of the bone density after the
treatment, which did not measure the callus
formation which is mainly the main stage affected
by the LIPUS treatment. The CBCT only allowed
for measurement of the degree of mineralization of
bone (BMN) (34), which in turn does not measure
the callus formation. Turunen et al., (35) evaluated
the mineral content of callus and cortical bone and
found that callus has a lower mineral content.

These findings support the constraint of this study
which did not estimate the callus but in turn only
measured the bone mineral density which is not really
affected by LIPUS treatment. Callus is better
measured by ultrasonography device as stated by
Wawrzyk et al., (36) that ultrasonography showed
high efficacy in measuring or diagnosis of callus
formation.
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LIPUS increases bone mineralization and stimulates
fracture repair by converting the cartilaginous soft
callus into mineralized callus, improving the stability
of fracture union (37). LIPUS waves create
nanomotion at the fracture site, where the
mechanical signal is converted into biochemical
signals intracellularly. It stimulates the production
of cyclooxygenase 2, which promotes prostaglandin
E2(PGE2) production. PGE2 triggers osteogenic
genes, which facilitate mineralization and
endochondral ossification, thereby aiding in
fracture healing (38).

Based on the favourable clinical and acceptable
radiographical outcomes of our study, it may be
concluded that the utilization of low intensity
pulsed ultrasound in  mandibular fractures,
decreases the pain and postoperative complications.
Given the limitations of this study, we suggest
conducting further studies with a larger sample size
and a more extended follow-up period to confirm
and validate the current findings and the use of
moed scale for callus measurements in Future
studies to show more accurate results and also the
use of LIPUS in medically compromised patients.
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