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Histologic evaluation of low-intensity pulsed
ultrasound effects on bone regeneration in sinus lift
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Purpose: Many techniques have been described for achieving vertical augmentation of the maxillary sinus. The aim of this
study is to evaluate the effect of low-intensity pulsed ultrasound (LIPUS) to enhance bone regeneration after sinus floor eleva-
tion.

Methods: The sinus lifting technique was performed through a lateral approach on 8 different sites of 5 patients (3 males and
2 females) and their mean age was 45.7 years old. The sites were randomly assigned to the control or test groups. The control
group had 4 sites that received lateral sinus lifting procedure only, while the test group had 4 sites that received LIPUS applica-
tion after the lateral sinus lifting procedure. 24-32 weeks (an average of 29 weeks) postoperatively, new bone formation in the
augmented sinus sites was evaluated through histologic and histomorphometric analyses of the biopsy specimens obtained
during implant placement.

Results: In the test group, the mean percentage of newly formed bone was 19.0+2.8%. In the control group, the mean per-
centage of newly formed bone was 15.2+3.1%. The percentage of newly formed bone was approximately 4% higher in those
cases where the sinus was treated by LIPUS than the percentage in those cases where it was not used. The difference was sta-
tistically significant.

Conclusions: Within the scope of this study, low-intensity pulsed ultrasound application after sinus lifting appeared to have a
significant effect on the development of new bone formation.
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INTRODUCTION Today, the use of growth factors in conjunction with graft-

ing materials has become the focus of research. Marx [17] in-

Insufficient bone volume is a common problem encoun-
tered in the rehabilitation of the edentulous posterior maxil-
lae with implant-supported prostheses [1,2]. These problems
have been solved by various surgical methods performed on
the maxillary sinus [3-9]. These sinus lift procedures increase
bone volume by augmenting the sinus cavity with autogenous
bone and/or commercially available biomaterials; many cli-
nicians have tried to use combined materials to maximize
the advantages of each material [10-16].

troduced a platelet rich plasma (PRP) method, which promote-
sossification and mineralization in the grafted bone, increas-
es the density of the bone trabecula by 15-30%, releases more
growth factors. Also, during the sinus lifting technique, if the
PRP is used, it is easier to control the graft material and se-
curely place it, new bone forms more quickly, as does the
growth of blood vessels, the recovery of soft tissues quickens,
and the PRP itself acts as a biological seal when perforation
of the Schneiderian membrane occurs [18-20].
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Recently, a procedure was introduced as a method for ac-
celerating the formation of new bone, namely low-intensity
pulsed ultrasound (LIPUS), and it is being used in dental sur-
geries [21-23]. LIPUS is a special type of acoustic pulsed energy
that is increasingly used as a supplementary therapy to pro-
mote bone and wound healing. LIPUS transmitting as an
acoustic pressure wave and applying mechanical stress indi-
rectly to the tissues, has been reported to promote osteogen-
esis and protein synthesis, calcium uptake, and DNA synthe-
sis in different cells [24]. With these unique characteristics,
LIPUS could be applied in many dental surgeries to help pro-
mote the formation of new bone.

The aim of this study is to evaluate the efficacy of LIPUS in
enhancing bone regeneration in sinus floor elevation.

MATERIALS AND METHODS

Materials

The product that was used in this experiment is the LIPUS
device (BR-Sonic, ITO Co., Tokyo, Japan), which generates LI-
PUS.

The allograft called Tutoplast (Tutoplast Spongiosa, Tutogen
Medical GmbH, Neunkirchen, Germany) and bovine bone
substitutes (OCS-B, NIBEC, Seoul, Korea), which have particle
sizes of 215-425 pm, were used in the experiment.

The absorbable barrier membrane called Puros Pericardi-
um (Tutoplast, Tutogen Medical GmbH, Neunkirchen, Ger-
many) was chosen for this project. It retains the natural colla-
gen matrix and mechanical properties of natural pericardium.

Before the operation, 10 mL of blood from the patient’s vein
was extracted and was mixed with 1.5 mL of anticoagulant ci-
trate dextrose (Green Cross, Seoul, Korea) to prevent coagula-
tion. The extracted blood was first centrifuged using the cen-
trifugal separator (Placon, OCT Inc., Seoul, Korea) at 2,000 g
for 3 minutes. After the blood was divided into the upper and
the lower half of red blood cells, the upper half portion was
extracted using a Gilson pipette and centrifuged at 5,000 g
for 5 minutes. When this was done, three layers were obtained:
the platelet-diluted plasma at the top, the platelet rich buffy
coat in the middle, and the leftover blood cells at the bottom.
Again, using the Gilson pipette, the top layer containing plate-
let-diluted plasma was removed. The rest were used to pro-
duce 1 mL of PRP including the buffy coat.

Clinical procedure

The patients included 2 women and 3 men, and their mean
age was 45.7 years old. The preoperative diagnosis was made
by carrying out panoramic radiography, frequently combined
with a CT scan, and the patients were included in the study if
no systemic or local contraindications were encountered. In-
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clusion criteria were a maxillary partial edentulism involving
the premolar/molar areas and the presence of a Misch type 3
or 4 sinus situation. Exclusion criteria were acute myocardial
infarction within the past 12 months, uncontrolled coagula-
tion disorders, uncontrolled metabolic diseases, radiotherapy
to the head within the past 24 months, treatment with intra-
venous bisphosphonates or with oral bisphosphonates for >3
years, psychiatric problems, heavy smoking (>10 cigarettes/
day), alcohol or drug abuse, maxillary sinus pathologies, oral
infections, and uncontrolled periodontal disease.

All patients had less than 5 mm of residual alveolar bone
height in the posterior maxillary alveolus, and they had also
been previously scheduled for the delayed-implant method.

Sinus floor augmentation was carried out on both sides in 3
patients and on one side in 2 cases. Thus, a total of 5 patients
with severely atrophic maxillae undergoing 8 sinus lift aug-
mentation procedures were evaluated prospectively. The sites
were randomly assigned to the control or test group.

The control group had 4 different areas that received the
PRP, barrier membrane, and deproteinized bovine bone and
mineral containing Allograft mixed in a ratio of 1:1, and the
experimental group had 4 different areas that received the
same materials as the control group followed by LIPUS treat-
ment. This protocol was approved by the Institutional Review
Board at Dankook University Dental Hospital (H-o706/001/
oo1).

The sinus lifting technique was performed in an altered
form of the Caldwell-Luc surgery. Once the patient was un-
der infiltration anesthesia with 2% lidocaine (Huons, Seoul,
Korea) containing 1:100,000 of epinephrine, the skin was in-
cised crestally with a #15 scalpel from the maxillary tuberosi-
ty area to the mesial tooth area, and then a vertical incision
was made to the buccal side followed by a flap reflection, and
the bone of the lateral wall of the maxillary sinus in an oval
shape was removed with a diamond round bur. Using a max-
illary sinus elevation instrument, it was elevated carefully such
that the Schneiderian membrane was not perforated. The si-
nus space was then filled with the mixture of grafting mate-
rials and PRP followed by placing the membrane over the
side wall of the sinus. The flap was then sutured back with
5-0 ethilon (Ethicon, Summerville, NJ, USA). After the opera-
tion, common antibiotics were administered to the patients,
and alcohol drinking and smoking were banned; other guide-
lines were provided including keeping the mouth hygienic at
all times. Suture removal was performed 10 days after surgery.
During the follow-up treatment, the patient was observed
monthly carefully for signs of infection of the implant mate-
rials or maxillary sinusitis.

After removing the sutures, the ultrasound therapy was
started on the experimental group. The surgical gingiva area
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was painted with a healing gel and ultrasound was applied to
the areas under an audio frequency of 3 MHz at a generation
capacity of 240 mW by the BR-Sonic (ITO Co., Tokyo, Japan)
device. The LIPUS therapy was repeated every other day for 2
weeks, a total of 7 times, each time lasting for 15 minutes.

After 24-32 weeks (an average of 29 weeks) of healing, the
patient was put under local anesthesia with 2% lidocaine con-
taining 1:100,000 of epinephrine and the full thickness flap
was elevated to implant the fixture. For all cases in this study,
a biopsy of the regenerated tissues was obtained using a stan-
dardized internal diameter of 3.75 mm trephine (3i, West Palm
Beach, FL, USA) under a cold sterile saline irrigation, starting
from the alveolar crest and ending at the most superior part
of the graft, at a mean depth of 12 mm, in order to observe
the bone regeneration process. Subsequently, screw-type
root-form implants were placed into the biopsy osteotomy
sites. The collected histologic section was stored in 10% buff-
ered formalin. After the implantation, the flap was replaced
and sealed with 5-o ethilon.

Histological preparation

The histological specimens were created as follows: after
being fixed in 10% buffered formalin for 10 days, they were
washed out with water, then maintained in 5% formic acid
for 14 successive days and finally embedded according to the
standard technique. The histologic sections were grounded
and polished to a final thickness of 40+10 um, then observed
under a microscope after being stained with hematoxylin-
eosin.

Histomorphometric analysis

Quantitative analysis of bone and bone substitute was per-
formed histomorphometrically using a light microscope. Ac-
quired images were analyzed with an image analyzer (Image
Processing Tool Kit, Reindeer Graphics Co., Gainesville, FL,
USA). The following measurements were taken: area of bone
(area of newly formed bone in proportion to the total mea-
sured area); area of grafted materials (area of remaining
grafted materials in proportion to the total measured area).

Statistical analysis

Statistics program (SPSS Inc., Chicago, IL, USA) was used
for all statistical analyses. The Wilcoxon signed rank test was
used for the comparison of the average new bone volume and
grafted material volume for each group. A value of P<o0.05 was
considered statistically significant.

RESULTS

None of the patients required any additional treatment
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since they were generally healthy, as they showed no symp-
toms of infection. In this experiment there was no exposure
of the barrier membrane which was used as a cover for the
bony window, nor was there leaking of particles from the
implant material. There were no hints of perforation or nose
bleeding; therefore, it was assumed that there were no perfo-
rations in the sinus membrane.

In the control group, grafted deproteinized bovine bone
was in the stage of absorption, and the leftover allograft was
almost fully attached to the new bone; therefore, it was diffi-
cult to discriminate between the allograft and the new bone
(Fig. 1).

In the experimental group, the grafted bone was in the
stage of absorption, the allograft was resorbed more quickly
than deproteinized bovine bone graft. It was easy to witness
new bone around both the allograft and xenobone graft, but
more was found around the allograft. The shape of the graft-
ed material was not recognizable anymore, and there were
no foreign body reactions at all (Fig. 2).

The percentage of newly formed bone in proportion to the
total measured area in the control group was 15.2+3.1% and
the experimental group was 19.0+2.8% (Table 1).

The difference between the control group and the experi-
mental group was approximately 4%, with the experimental
group that experienced LIPUS having the higher rate of bone
formation. The difference between the two groups was sta-
tistically significant.

Figure 1. Histologic view of
control group (H&E, x100).
Grafted materials (GF) were in
the absorption stage, and new
bone (NB) around the GF can
be seen.

Figure 2. Histologic view of
experimental group (H&E,
x100). The grafted bone was
integrated with the new bone
(NB). NB around the grafted
materials (GF) is visibly more
extensive than in the control
group.

Table 1. The percentage of new bone and remaining grafted mate-
rial (%) found in the two groups (P<0.05).

Experimental (mean+SD)

19.0+2.8°
20734

Control (mean+SD)

15.2+3.1
218120

New bone
Remaining grafted material

IStatistically significant differences by the Wilcoxon signed rank test (P<0.05).
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The area of the remaining grafted material that had not yet
been absorbed in proportion to the total measured area was
21.8+2.0% for the control group and 20.7+3.4% for the ex-
perimental group, so the absorption was approximately 1%
different (Table 1), but this result was not statistically signifi-
cant.

DISCUSSION

Ultrasound treatment raises the temperature in the deep
tissues, and is used in the physical therapy field as thermo-
therapy for pain and muscle spasms. LIPUS is used in pulses
for fractures and does not raise the temperature. LIPUS does
not use heat to speed up bone formation, but there are re-
ports that the physical pulses mechanically stimulate the cells
to be active, causing the cells to absorb as much calcium as
they can in order to activate protein kinase A, which may lead
to the differentiation of osteoblasts [25-27].

Machen et al. [28] have suggested mechanical, thermal, and
electrical generation. Mechanical generation uses micro-
movements to change the strength of the bone through a
passive chemical mediator. Second, for thermal generation,
the low intensity ultrasound changes the temperature of the
tissues by 1 degree Celsius or less, which changes the activi-
ties of enzymes such as collagenase. Third, electrical genera-
tion uses low intensity ultrasound to change the electrical
potential either through chemical signs or other mechanisms
to stimulate bone growth, similar to the investigation of Chap-
man et al. [29].

The mechanical stimulation of LIPUS leads to the eruption
of tissue cells, and when the effects of speeding up bone for-
mation were applied to the sinus lifting technique experiment,
the experimental group who received LIPUS showed better
results than the controls. The experimental group showed
19.0+2.8% new bone formation, but the control showed only
15.2+3.1%, leaving a 4% higher formation from the experi-
mental group. One of the reasons the experimental group
had more bone formation could have been that the LIPUS
stimulated more cell activity. Like fibroblasts, chondroblasts,
and osteoblasts, a variety of cells respond to a mechanical
stimulus and speed up recovery, which fits with the reports
that Azuma et al. [30] have presented. Naruse et al. [31] and
Wang et al. [32] also reported that LIPUS increases direct
anabolism that forms bone matrix. The activities of fibroblasts
that are in the periodontal ligament fiber was observed with
LIPUS, which stimulated activity, as mentioned in the report
of Doan et al. [33]. However, both positive and negative out-
comes have been reported for the use of LIPUS, although the
ultrasound that is being used in the treatment does not harm
the body because it is equal in intensity to the ultrasound im-
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age diagnostic system. Overall, LIPUS is safe and offers the
benefits of short treatment and fast bone formation.

However, there was a bit of delay to full recovery and there
was a limit to the progress of the new bone osseointergration
process when comparing both sides of one patient; the above
were draw-backs to this experiment. Also, although LIPUS
was supposed to be the only experimental factor, differences
in technique among surgeons, or differences in remaining
bone and sinus form might have affected our results, too.
Furthermore, the strength of the ultrasound and its effects
might need to be explored more deeply.

In conclusion, according to the limited data of this study,
the use of LIPUS seems to be a promising method for enhanc-
ing new bone formation for the sinus lifting procedure. How-
ever, despite this study demonstrating the enhancing effect
of LIPUS on bone regeneration, the biophysical mechanisms
involved in the complex bone regeneration process remain
unclear and require further research.
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