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IntRoductIon

Healing of bone fractures and surgical cuts is an important 
homeostatic process that depends on several factors including 
activation of specific cells and immobilization of the bones.[1,2] 
Pain after orthognathic surgery is an acute pain that develops 
because of surgical trauma and inflammatory processes. The 
inflammatory response is the main reason of pain and swelling 
after surgery. Leukotriene, bradykinin, and platelet-activating 
factors are examples of inflammatory chemicals that start 
cascades leading to vascular dilatation, modified permeability, 
and accumulation of interstitial fluid causing edema.[3]

One of the challenges following orthognathic surgery is bone 
healing at the surgery site. In past 50 years, investigators 
have studied different physical and biological methods to 
reduce healing time of bone fractures.[4] Physical interventions 
include mechanical stimuli,[5] electromagnetic fields,[6] capacitive 
paired electric field,[7,8] direct current,[9,10] microcurrent,[10] and 
low-level laser[11] are used as noninvasive and easy procedures.

Drugs, laser therapy, cold pack, and ultrasound have been used 
to alleviate postsurgical pain.[11,12] It has been observed that 
applying low-level laser after orthognathic surgery decreases 
complications such as pain and swelling.[11] Cold packs have 
been used in several studies, and modern appliances such as 
water circulating devices have been introduced, but these 
methods have no effect on bone remodeling or neurologic 
problems. Furthermore, these methods depend on patient 
compliance.[12]

Application of ultrasound is one of the methods used to 
reduce bone healing time and complications of orthognathic 
surgery. In recent years, application of low-level therapeutic 
ultrasound has been introduced since higher levels may cause 
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tissue damage.[13,14] Low-intensity pulsed ultrasound (LIPUS) 
with the intensity of 0.01–3 mW/cm2 and frequency of 
1.5–4 MHz is a common physical intervention for diagnosis 
and treatment,[8,15] and it is the only physical intervention that 
has been approved by Food and Drug Administration for 
enhancement of fresh fractures.[13]

It seems that mechanism of ultrasound includes thermal and 
nonthermal (pulsed) effects which are the result of increased 
circulation of interstitial and vascular fluids.[8] Increased 
blood flow, reduced muscle spasm, increased capacity of 
collagen fiber elongation, and inflammatory reactions are 
the thermal effects of ultrasound which are mostly seen in 
continuous nonpulsed ultrasounds.[16,17] Nonthermal effects 
which are frequently seen in pulsed ultrasound divides into 
two groups: (1) effects resulted from cavitation that is the 
result of expansion and contraction of gas bubbles. This 
happens because of pressure alterations induced by ultrasound 
and causes increase in tissue fluids; (2) unidirectional 
flow of fluids along the cell membranes creates acoustic 
microcurrents that affect function and permeability of cell 
membranes which induce tissue repair. Eventually, cavitation 
and acoustic microcurrents induce fibroblast activation, 
protein synthesis, increased blood flow, tissue healing, and 
bone remodeling.[15,16]

The purpose of this study is to evaluate low-intensity pulsed 
ultrasound effects on bone healing and pain relief after 
orthognathic surgery.

MateRIals and Methods

Twelve patients (six males and six females) between 17 and 
40 years of age were included in this study, which needed 
mandibular advancement or setback surgeries by means of 
the bilateral sagittal split osteotomy.

Informed consent of the participants was provided according 
to the Ethics Committee of Shahid Beheshti University of 
Medical Sciences.

Exclusion criteria were:
• Patients with systemic or metabolic bone disorders
• Patients consuming drugs affecting bone metabolism like 

bisphosphonates
• Patients with significant facial asymmetry
• Patients with history of medicine consumption
• Patients with postsurgical complications.

After orthognathic surgery, LIPUS was performed with 
EXOGEN 4000+, Smith & Nephew Co., USA, at surgical 
sites [Figure 1]. LIPUS was used for 3 weeks, 20 min a day 
with the intensity of 30 mW/cm2, frequency of 1 MHz, and 
a pulse repetition frequency of 1 kHz 200-μs-wide (duty 
cycle 1:4). One side of the face was selected randomly to 
be treated with ultrasound, and the other side was treated 
with sham transducer as the control side. Digital panoramic 
radiographs were taken immediately (T1) and 3 weeks after 
surgery (T2). Bone density at surgery site was analyzed by 

Digora version 2.8 software (Soredex, Finland) [Figures 2 
and 3]. Postsurgical pain was assessed using visual analog 
scale (VAS) method. All the dependent factors were 
measured and evaluated separately for both right and left 
sides.

Three patients were excluded from the study, one due 
to infection at the surgery site, and two because of 
noncompliance.

Initial data were assessed with ANOVA with repeated 
measures. One‑sample Kolmogorov– Smirnov (K_S) test and 
t-paired test were used for statistical analysis.

Results

Bone density at mandibular border
Normal distribution of the data was confirmed by one‑sample 
K_S test at the minimum probability of 0.624. ANOVA with 
repeated measures was used to compare density at mandibular 
borders of experimental and control groups between two 
times. The relation between time and exposure to LIPUS was 
significant [Chart 1]. Amount of increased density was assessed 
which is shown in Table 1.

Bone density increase at the border of the mandible was 23 
units for experimental group and 13 for the control group. 
The difference is statistically significant according to paired 
t-test (P = 0.01).

Density at medullary bone
One‑sample K_S test was used to evaluate the normal 
distribution of data and was confirmed with minimum 
probability of 0.622.

Due to significant cross effect of time and group 
parameters [Chart 2], increased density was calculated in 
both groups at medullary bone [Table 1].

Table 1: Measurements of bone density at border and 
medulla in experimental and control group at two 
stages: (T1) Immediately after surgery, (T2) 3 weeks 
after surgery

n Mean SD
Experimental group

Border bone
T1 9 47.7778 4.51472
T2 9 70.6667 5.44161

Medullary bone
T1 9 60.2222 6.81660
T2 9 88.5556 6.62301

Control group
Border bone

T1 9 53.2222 6.10505
T2 9 66.6667 6.05759

Medullary bone
T1 9 66.6667 7.60117
T2 9 80.2222 6.62021

SD = Standard deviation
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Density was significantly increased in the experimental 
group (28.33) in comparison with control group (13.55) 
according to paired t-test (P < 0.001).

Postsurgical pain
For all the patients in the study, pain was zero at day 7 after 
surgery; so, day 7 was eliminated from analysis. Normal 
distribution of data was confirmed at the minimum probability 
of 0.01 with one‑sample K_S test.

The results of two-way repeated measures ANOVA show that 
pain decrease was significant (P < 0.01). Furthermore, patients 
in experimental group experienced less pain than the control 
group at each interval (P = 0.048). As shown in Chart 3, pain 
decline pattern was different in two groups.

Chart 1: Density of border bone (1) control group, (2) experimental 
group. (Time 1) immediately after surgery, (Time 2) 3 weeks after 
treatment with low‑intensity pulsed ultrasound

Chart 2: Density of medullary bone, (1) control group, (2) experimental 
group. (Time 1) immediately after surgery, (Time 2) 3 weeks after 
treatment with low‑intensity pulsed ultrasound

Figure 1: Low‑level pulsed ultrasound appliance

Figure 2: Orthopantomogram radiograph immediately after surgery (pins 
were applied in this patient for mandible stabilization)

Figure 3: Orthopantomogram radiograph 3 weeks after surgery

Chart 3: Average of VAS at three different times: (1) 1 day after 
surgery, (2) 2 days after surgery, (3) 4 days after surgery, (4) 7 days after 
surgery. Group 1: Control group, Group 2: Experimental group
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dIscussIon

The results of this study showed that applying LIPUS after 
orthognathic surgery can enhance bone formation (border and 
medullary) at the surgery site.

LIPUS waves produces nanomotion that starts a process 
which involves integrins and focal adhesions. The most 
important molecule involved in the mechanism of LIPUS is 
cyclooxygenase 2 (COX2), which is produced as the result of 
a biologic cascade. Stimulation of COX2 enhances production 
of prostaglandin E2 and expression of osteogenic genes. LIPUS 
can affect all phases of fracture healing including inflammatory, 
intramembranous ossification, chondrogenesis, endochondral 
ossification, and remodeling phase in a positive way.[18-22]

Effects of LIPUS on mandibular fractures were investigated 
in a study by Patel et al.[23] After intermaxillary fixation, 28 
healthy controls with fresh, undisplaced, or minimally displaced 
mandibular fracture were divided into two groups. Patients 
in the intervention group received LIPUS treatment with the 
frequency of 1 MHz and intensity of 1.5 W/cm for 24 days, 5 min 
each day. The control group did not receive any therapy after 
inframammary fold (IMF). The results showed that radiographic 
density was significantly higher in the experimental group than 
in control group at 3 and 5 weeks after IMF.

In another study, LIPUS with frequency of 3.0 MHz and 
intensity of 30 mW/cm2 was applied over the right alveolar 
bone of rats for 2 weeks and 10 min a day after extraction of 
the tooth. The left side did not receive LIPUS treatment. On 
histomorphometric analysis, it was observed that new bone 
formation in the sockets of LIPUS group was higher than in 
that of the control group.[24]

It also has been shown that initial stability of miniscrew 
implants and osseointegration is intensified after LIPUS 
application because of the increased bone formation around 
the miniscrews.[25,26]

The results of this study also demonstrated that VAS scores 
improved significantly at the LIPUS‑treated side. In a similar 
study, LIPUS treatment in patients with mandibular fracture 
after intermaxillary fixation decreased pain perception 
significantly.[23]

Nonsteroidal anti‑inflammatory drugs are commonly used after 
orthognathic surgery, but they may cause side effects such 
as allergic reactions, irritation of gastrointestine, cutaneous 
rash, neutropenia, and bleeding tendency.[27] Administration of 
corticosteroids decreases postoperative pain and edema, but it 
may cause serious side effects such as avascular osteonecrosis, 
diminished healing potential, and suppression of adrenal 
gland.[28]

As it is shown in Chart 3, pain in LIPUS-treated side declines 
rapidly 1 day after surgery; meanwhile, in control side, 
decrease in pain is slower 1 day after surgery. At day 4 after 
surgery, pain is almost zero at LIPUS-treated side, but at the 
control, side pain is present until day 7.

Application of low-level laser therapy has been shown to be an 
effective method to improve tissue remodeling and decrease 
pain and inflammation, and it has been claimed that it is almost 
side-effect free.[13,29,30]

conclusIon

It can be concluded from this study that application of 
low-intensity pulsed ultrasound is a noninvasive and effective 
way to enhance bone healing and patient comfort after 
orthognathic surgery.
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