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ABSTRACT 
 
INTRODUCTION: Low- intensity Pulsed Ultra Sound (LIPUS) and Extra Corporeal Shock Wave Therapy (ESWT), are the different forms 
of acoustic mechanical waves that might promote bone healing by stimulating bone growth in long or other bones. 
OBJECTIVES: To evaluate the effect of adjuvant therapy with LIPUS and ESWT in healing  fresh mandibular fractures patients. 
MATERIAL AND METHODS:  Twenty one patients (12 males, 9 females) , aged from 20 to 40 years , had  fresh  mandibular  fractures to 
be treated with closed reduction and maxillary mandibular fixation (MMF), prospectively. Patients enrolled into this study with ethical 
approval and informed consent. Those patients were randomly assigned in three treatment groups. Group I received a single treatment with 
4000 impulses of focused ESWT, group II received  18  sessions of LIPUS for 20 Min each ; while group III , received neither of those 
treatments, represented the control group -- Clinical assessment together with radiographic follow-up using Cone Beam Computed 
Tomography (CBCT) at 1.5 and 3 months were done for all patients postoperatively. 
RESULTS: There was statistically significant difference in bone density between three groups in different times after six weeks and after 
three months as bone density higher in group  I than in groups  II, III.  
CONCLUSIONS:  Focused ESWT   appeared to be more effective than LIPUS or nothing as an adjuvant treatment of adults with fresh 
mandibular fractures. 
KEYWORDS: Low intensity pulsed ultrasound, extracorporeal shock wave therapy, mandibular fracture. 
RUNNING TITLE:  ESWT  and  LIPUS  effects on mandibular fracture healing. 
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INTRODUCTION 
Mandibular fractures are the most common fractures found 
among craniofacial injuries. The pattern and etiology of 
these injuries varies from one country to another depending 
on socioeconomic, cultural, and environmental factors. 
Road traffic accident is the most common etiological factor 
followed by violence and direct trauma. (1)  
The Current methods of management include combinations 
of soft diet, intermaxillary fixation, open reduction internal 
fixation, and, rarely, external fixation. Decision-making 
depends on the age of the patient, type of fracture, medical 
status and associated injuries. (2)   
The main goal of fracture management is the restoration of 
form and function. In addition, preventing complications 
like infection, malunion and soft tissue break down. (3)   

 
Reduction of the fracture can be achieved either with an 
open or closed technique. Closed reduction is indicated in 
non-displaced   favorable fractures, edentulous mandibular 
fractures, and mandibular fractures in children with 
developing dentition, as well as coronoid process & 
condylar fractures. (4)  
Closed reduction with indirect fixation is done by 
application of maxillomandibular fixation (MMF) for 6 
weeks through arch bars, eyelet wiring, Ivy loop, 
continuous loop or gunning splints. Disadvantages of 
MMF include inability to directly visualize the reduced 
fracture, need to keep the patient on a soft diet, and  
difficulties  with  speech and respiration.(5)  
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Fracture healing is a complex process typically 
characterized by four overlapping stages: the initial 
inflammatory response, soft callus formation, hard callus 
formation, and bone remodeling. (6)  
Fracture healing may be modified by several factors such 
as hormones, vitamins, minerals, local vascularity and 
microcirculation, weight bearing, protein diet, ultrasound, 
and electrical stimuli.(7)  
The idea of speeding or enhancing mandibular fracture 
healing to minimize symptoms   and   inconvenience for 
the patient is appealing. Bone stimulators such as low 
intensity pulsed ultrasound   (LIPUS) and extracorporeal 
shock wave therapy (ESWT) might promote bone healing 
by stimulating bone growth (osteogenesis) in long or other 
bones through  mechanotransduction; physical forces 
across a cell membrane leading to chemical changes within 
the cell. The mechanically-induced structural deformation 
of mechanoreceptors triggers a cascade of biological 
reactions that assist in healing of fractures. (8)  
Low-intensity pulsed ultrasound (LIPUS) is a safe, 
effective and noninvasive high frequency acoustic therapy 
used to accelerate the bone healing process. (9)  
Distinct physical parameters of LIPUS act on some 
biological cellular reactions involved  in each phase of the 
healing process such as inflammatory reaction, 
angiogenesis, chondrogenesis, intra membranous 
ossification, endochondral ossification, and bone 
remodeling, so  it  accelerates bone healing process.(10)   
The US Food and Drug Administration (FDA) approved 
the use of LIPUS for accelerating healing of fresh fractures 
in 1994. There is evidence shows that LIPUS treatment 
reduces time of fracture healing and improves quality of 
life. (11)  
Currently, many surgeons use LIPUS as part of their 
management of fractures. However, LIPUS treatment is 
more suitable for fractures with conservative treatment 
rather   than   those with operative treatment as it is a high-
energy wave generating   deep heat energy that may further 
aggravate the thermal osteonecrosis caused by bone 
drilling during the operation.  Also, it should not be 
expected as a method to reduce the incident rate of delayed 
union and nonunion. (12)  
ESWT   described  as  pulsed fast sound waves with a high 
pressure amplitude and a very short rise time generated by 
electrohydraulic, electromagnetic, or piezoelectric methods  
and propagate through tissues. These shock waves 
stimulate biological effects in living tissue such as anti-
inflammatory  effect, tissue regeneration assist, promote 
healing, angiogenesis, and  bone remodeling .Thus  by   
mechanotransduction  and release of energy, in addition to 
compression and tension of cells all will increase the blood 
supply to injured area, forming free radicals and oxygen 
radicals, which lead to the production of a number of 
different growth factors.(13) Thus promoting osteogenesis, 
regeneration of fibrocartilage zone, and bone remodeling, 
hence accelerate fracture healing.(8) ESWT has been used 
in the treatment of union and nonunion. An increased 
cortical volume and higher trabecular connectivity was 

observed after stimulation with ESWT and that leading to 
improvement of biomechanics of the bone. (13)  
Focused  shockwaves have an effect on a precisely defined 
small area, penetrate more  deeply  and  carry  more energy  
to  the tissues than  radial  shockwaves which are more  
widespread. Focused ESWT increases bone mass density, 
bone mass concentration in human, improve blood 
perfusion  and  thus metabolism  of the surrounding soft 
tissues in  addition  to  its analgesic effect.(14)  ESWT has 
been proven that it is effective as surgical procedures, but 
more economical and free from side effects. So it should 
be considered gradually as a first-choice treatment for 
appropriate non-union fractures. (8)  
As the morbidity and socioeconomic costs of fractures are 
considerable and the management  of mandibular  fractures  
may  be  tricky  to  achieve an aesthetically practical  
progress , so the length  of  time to  healing  is  an 
important factor in determining  a person's  recovery after  
a fracture. It  is known  that  ESWT and  LIPUS have  a 
therapeutic  role  in  reducing  the time to union after 
fracture as part of the treatment of acute fractures in 
adults.(15)  
So the aim of this study is to compare between the effect of 
extracorporeal shockwave Therapy (ESWT) and   low-
intensity pulsed ultrasound (LIPUS) on bone healing of 
non-displaced fresh mandibular fractures.  
The null hypothesis of this study is that there is no 
significant difference in mandibular fracture healing in the 
clinical and radiographic parameters after application of 
Low-Intensity Pulsed Ultrasound (LIPUS) or 
Extracorporeal Shock Wave Therapy (ESWT). 
 
MATERIALS AND METHODS 
Study design: 
The study was a randomized controlled clinical trial 
performed on twenty-one   patients with   fresh   favorable   
mandibular fractures.  Both   genders   were  selected of 
age range from 20 to 40 years from the outpatient Clinic of 
Oral and Maxillofacial Surgery Department, Faculty of 
Dentistry, Alexandria University, Egypt, and from the 
Emergency Ward of the Alexandria Main University 
Hospital.  Faculty   Of   Medicine   , University   Of 
Alexandria, Egypt.  
The study was performed after gaining the approval of the 
Research Ethics Committee, Faculty of Dentistry ,  
Alexandria   University. 
A full Informed consent was taken from all patients after 
explaining all the procedures  to  the  patient  including  all  
benefits  and side effects  simply  and easily  also, the 
patients had the right to withdrawal at any time.  
Materials used  
-  Wire and arch bar used in inter-maxillary fixation  (Erich  

arch  bar  or  eyelet  wiring 24  gauge  stainless steel  
wire)  (Figure 1.A ,B ). 

-  Extracorporeal Shockwave therapy device (The 
orthowave 180c , MTS Europe Gmbh, Robet-Bosch-Str. 
18, D-78467 Konstanz, Germany, Serial No. 180c00089, 
Type/model Orthowave 180c, Nominal Supply Voltage 
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230V AC, Max. Power Consumption 500VA, Power Supply 
Frequency 50Hz, Class I, according to IEC 601-1) (Figure1,C). 

- Low- intensity pulsed ultrasound Device(Sonopuls 692 
Enraf-Nonius B.V, P.O. Box 12080, Vareseweg 127, 3004 GB 
Rotterdam, The Netherlands, REF. 1600.945, SN. 03.877, 100-
240V∼/50-60Hz/130VA, June 2011) (Figure1,D).  

 
Figure (1): (A) Erich arch bar.  
(B) 24 gauge stainless steel wire.  
(C) Orthowave 180c.  
(D) Low- intensity pulsed ultrasound Device 
 
Methods  
 The sample size was   determined  by  the  department's  
professor's  suggestion during  the department  council  
meeting  and discussion of the protocol. Seven  patients  
were  identified  in each group as a minimum due to the 
high cost of physiotherapy sessions.   
The trial was registered at clinical trial. gov. 
(NCT04518956)  
All fractures were single non-displaced fresh mandibular 
fractures treated with closed reduction and maxillary 
mandibular fixation (MMF) 
Inclusion criteria 
a) A through history was recorded in a standardized 
format. Patients were   from  both genders, males and 
females, patients' age ranges from 20 to 40 years, all 
patients were free of any systemic or bone disease. Patients 
presenting with infection, burn and scar in the skin of 
relevant working area or with any contraindication to 
ESWT, LIPUS or CBCT were excluded. 
b)  They should had   single non-displaced fresh  fracture  ( 
recent fracture not neglected nor infected and not  more 
than one week old) with no communication to the external 
environment.  
c)  The sites of the mandibular  fractures  accepted  were 
symphyseal, Parasymphyseal, body , angle and ramus) 
indicated for treated with closed reduction and maxillary 
mandibular fixation (MMF). 
Exclusion criteria 
a) Patients with bone diseases affecting the bone healing 
process.       
b)  Patients presenting with infection, burn and scar in the 
skin of relevant working area. 
c)  Patients not willing to return for follow up.  
Pre-Surgical Assessment  
A-History of patient 

Personal history : data was collected and recorded in full 
details including name, age, gender, occupation, telephone 
number have been obtained and address. Past  medical  
history of any systemic diseases as well as drug history and 
dental history.  
Chief complaint , All details about the trauma were 
recorded including cause, time, date, place and type of 
assault, and specification of the injury such as (the type of 
the object and the direction from which the contact was 
made), detection of any sign of nerve injury anaesthesia or 
parathesia. 
B-Clinical examination  
It was performed both extra orally and intraorally 
Extra oral examination 
-  Inspection to detect any swelling, ecchymosis, 

deformity, deviation during mouth opening and closure. 
Jaw deviation during function and soft tissue laceration. 

-  Palpation of the mandible  was  carried out by fingers of 
both hands while the thumbs were placed on the lateral 
aspects, starting at the midline fingers passed posteriorly 
to assess any step deformity, alteration in the bone 
contour, tenderness, condylar movements during 
opening and closing, dislocation, altered lip sensation 
and bony crepitus. 

Intraoral examination  
- Inspection for bleeding, hematoma, ecchymosis, occlusal 

disharmony or malocclusion, broken teeth, alignment of 
teeth, integrity of teeth, shift in the mid line in opening 
and closing of the mouth and mandibular movement 
(opening, lateral and protrusive movement). 

- Palpation of   buccal and lingual sulci for the presence of 
tenderness or alteration in the contour. Bimanual 
manipulation of the mandible on either side of the 
suspected fracture was made for the detection of 
mobility and tenderness. Mental nerve innervation was 
compared with the opposite side to conclude presence of 
anaesthesia or paraesthesia. 

Radiographic examination 
Standard Preoperative Orthopantomogram (OPG) of the 
mandible were done for all patients at the time of entrance 
to evaluate the condition of the mandibular fracture, teeth 
in the line of fracture and degree of displacement 
Preoperative preparation 
The oral cavity should be prepared before starting of the 
treatment by performing oral hygiene measures, scaling, 
rest treatment for any carious tooth, and suturing of any 
soft tissue laceration under local anaethesia, Intraoral 
wound was closed using Vicryl suture material (90% 
glycolide and 10% L-lactide: Ethicon part of Johnson & 
Johnson Int, US.)  while  extra oral  incision was managed 
in layers using Vicryl sutures for the deep layers and 
Prolene sutures for the skin (polypropylene: Ethicon part of 
Johnson & Johnson Int, US.) Intravenous cefotaxime 1 
gm/12 hours for the first day followed by (Amoxicillin 
875mg + clavulanic acid 125mg: GlaxoSmithKline, UK) 
1gm twice daily for the next 5 days, Metronidazole 
(500mg: GlaxoSmithKline, UK.) every eight hours for 5 
days), (Diclofenac potassium 50mg: Novartis-
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Switzerland). Every eight hours for 5 days. All patients 
were instructed to rinse their mouth using (chlorhexidine 
125 mg/100ml, concentration 0.125%: Arabic drug 
company, ADCO). 
Operative phase 
All patients were operated under local anaesthesia2% 
lidocaine (1:100000 epinephrine) (Amoun Pharmaceutical 
– Egypt), fmanagement of teeth in the fracture line was 
done by preservation according to the preoperative 
assessment. 
- Closed reduction and fixation is done by application of 
maxillary mandibular fixation (MMF) which is indicated 
for non-displaced favourable fractures, Ivy loops or Erich 
arch bars were fixed to maxillary and mandibular present 
teeth using 24 gauge wires. 
Oral hygiene measures were stressed, including daily 
brushing of the teeth and arch bars and rinsing by using 
antiseptic mouth wash, the patient was maintained on a soft 
diet, adequate medication for good pain relief and 
antibiotics for good infection control.  
 For group (I) (study group), Extracorporeal shockwave 
therapy was applied in which seven patient received a 
single session of high energy electrohydraulic shock wave 
therapy  the day after closed reduction (MMF)  (2000-4000 
impulses; 0.35mJ/mm2) energy flux density per impulse in 
20 minute, with frequency range from 1 to 5pulse per 
second under regional anaesthesia.  
For group (II) (study group) of low intensity pulsed 
ultrasound seven patients underwent   the day after closed 
reduction (MMF)  eighteen sessions of 20 minutes through 
which high frequency sound waves and vibration with 
frequency of 1MHz, intensity 1.50W/Cm2 continuous were 
applied on the surface of the skin at the area of fracture 
line, repeated three times weekly for six weeks.  
For group (III) (control group) seven patients in these 
group their fractures were reduced by maxillary 
mandibular fixation only. 
 
Postoperative phase 

    -Warm fomentation, antibiotics, anti-inflammatory and   
analgesic  drugs  (Diclofenac Potassium orally 50 mg three 
time  daily  postoperatively for a period of 5 days. Patients 
were instructed for careful oral hygiene measures  was 
maintained by 0.2% chlorhexidine  oral rinses., stop 
smoking and avoid  biting  on  any hard  food and rest.  In 
addition soft, fully liquid, high protein, high calorie diet 
was given for all patients for 4 weeks postoperatively. A 
minimum post-operative follow-up period of 3 months was 
required. 
Delayed postoperative care 
Clinical and radiographic follow-up was performed for all 
patients for three months postoperatively. 
Clinical follow-up 
Clinical follow-up was carried out after 24 –hours, one 
week, four weeks, six weeks and twelve weeks 
postoperatively. Clinical assessment was achieved through 
Postoperative Pain which was determined through a 10-
point Visual Analogue Scale (VAS). The patients were 

asked to rate their postoperative pain and discomfort from 
0 to 10 (0-1= None, 2-4= Mild, 5-7= Moderate, 8-10= Severe). 
Radiographic evaluation   Cone beam computed 
tomography (CBCT) was acquired with J.Morita R100 
cone beam 3D imaging system (Morita 3DX; J Morita Mfg 
corp., Kyoto, Japan). The scan was done with field of view 
(FOV) W 100mm X H 80 mm. The volume was 
reconstructed with 0.250 mm isometric voxel size. The 
tube voltage was 90 kVp and 8 mA, Exposure time was 20 
seconds. The image was analyzed using OnDemand3D™ 
software (Cybermed Inc.) CBCT analyzing software. The 
mean bone density at the site of fracture was calculated by 
measuring the bone density at 6 points distributed inside 
the fracture line then taking their mean values to determine 
the mean bone density at 6 weeks and 3 months 
postoperatively.  
All the obtained data was statistically analysed and 
presented in tables, graphs and charts using the IBM 
Statistical Package for Social Science (SPSS) 
Kruskal Wallis test, Pairwise comparison bet. Each 2 
groups was done using Post Hoc Test (Dunn's for multiple 
comparisons test)  was applied to determine any significant 
differences  in pain, occurrence   of  complications, mean 
bone density between the patients at different follow up 
periods. 
   
RESULTS  
The demographical data of this study; including the gender 
and age of the participants were as follows: 12 males and 9 
female patients participated in this study. The ages of the 
participants ranged from 21.0 to 38.0 with an average of 
28.52± 5.50, 
 Road traffic accident is the most common etiological 
factors of mandibular fractures in 71.4% of patients, 
interpersonal violence in 23.8% and fall in 4.8 %. 
The anatomic positions of mandibular fractures were 
parasymphysis in 38.1%, the body in 47.6% and ramus in 
14.3% of patients. No complications were observed except 
for slight gingival inflammation and bleeding after MMF 
in immediate postoperative period. 
Regarding pain intensity, it was observed during the first 
24 hours after treatment that the mean value of pain score 
using VAS in group I was 8.14±0.69, group II was 7.71 
±0.76 while in the control group III was 7.86±0.69.But  
this   difference was not statistically significant as p value 
=0.500 (p ≤ 0.05). 
One week later, a statistically   significant   decrease  in   
pain was observed in group I (2.86±1.07), group II 
(4.86±0.90) as well as in group III (6.0±0.58) p value = 
0.001 (p ≤ 0.05). However, the decrease of pain in group I 
was statistically significant in comparison to either group II 
and III (p1=0.032*, p2<0.001*respectively) but not on 
comparing groups II and III (p3=0.094).  
(Figure 2, Table 1) 
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Table (1): Distribution of the studied cases at two periods 
according to pain (n=21) 

Pain 1st time 2nd time Z p 
Shock wave     
Min. – Max. 7.0 –  9.0 2.0 –  4.0 

2.379* 0.017* Mean  ±SD. 8.14   ±0.69 2.86   ±1.07 
Median 8.0 2.0 
Ultrasound     
Min. – Max. 7.0 –  9.0 4.0 –  6.0 

2.392* 0.017* Mean  ±SD. 7.71   ±0.76 4.86   ±0.90 
Median 8.0 5.0 
Control     
Min. – Max. 7.0 –  9.0 5.0 –  7.0 

2.414* 0.016* Mean  ±SD. 7.86   ±0.69 6.0  ±0.58 

Median 8.0 6.0 

Z: Wilcoxon signed ranks test  
p: p value for comparing between the studied periods 
*: Statistically significant at p ≤ 0.05   
 

 

Figure (2): Descriptive analysis of the three studied groups 
at two times according to pain (n=21). 

At one and half months postoperatively, the  mean  bone  
density  in  group  I  was  1145.7 ± 166.5 voxel value 
(VV),  group  II  was  535.9 ±190.5  VV while in control 
group III it was 803.05 ± 197.8VV, the difference between 
the three groups was found to be statistically significant (p 
= 0.001; p ≤ 0.05). Significant higher mean bone densities 
was found in group I compared to group II or III (p1<0. 
001*, p2=0.025*respectively). At three months 
postoperatively, the mean bone density was 1472.3 ± 24.09 
VV in group I, 612.5 ± 92.4 VV in group II and 960.0± 
198.0 VV in the control group III, again the difference 
between the three groups was found to be statistically 
significant (p =0.001; p ≤ 0.05). (Figure 3, Table 2) 
 The percentage change in the bone density after one and 
half to 3 months’ postoperative measurements was not 
statistically significant comparing the three groups to each 
other. This  means  that  group  I  with  the  use  of  ESWT  
attained  a  statistically significant  higher  bone  densities  
at  one  and  half  months  post-operatively  than  the other  

two  groups ,  which  maintained  the same  effect  at 3 
months  period.  (Figure   4, 5, 6, Table 3) 

 

Figure (3): (A) Descriptive analysis of the three studied 
groups at two different periods of time according to bone 
density (n=21). (B) Distribution of the studied groups at 
two different times according to % of change of bone 
density (n=21) 

Table (2): Distribution of the studied groups at two times 
according to bone density (n=21) 

Bone 
density 

6 weeks post 
operatively 

3 months post 
operatively Z p 

Shock wave     
Min. – Max. 855.9 - 1334.5 1430 - 1495 

2.366* 0.018* Mean  ±SD. 1145.7 ± 166.5 1472.3 ± 24.09 
Median 1150.17 1480.0 
Ultrasound     
Min. – Max. 364.3 –  930.8 505.9 –  760.7 

1.352 0.176 Mean  ±SD. 535.9   ±190.5 612.5   ±92.4 
Median 494.3 622.0 
Control     
Min. – Max. 376.2 - 957.28 526.2 –  1100.6 

2.366* 0.018* Mean  ±SD. 803.05 ± 197.8 960.0   ±198.0 
Median 833.83 1020.5 

Z: Wilcoxon signed ranks test  
p: p value for comparing between the studied periods 
*: Statistically significant at p ≤ 0.05  
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Figure (4): A 31-year-old male patient with left 
parasymphyseal fracture treated with closed reduction and 
MMF then received one session of ESWT. a,b panoramic 
and 3D CBCT sections I.5 months post-operatively 
showing early signs of fracture healing . c,d panoramic and 
3D CBCT sections 3 months post-operatively showing 
progression of bone healing.  
 

 
Figure (5): A 27-year-old female patient with left ramus 
fracture treated with closed reduction and MMF then 
received 18 sessions of LIPUS. a,b panoramic and 3D 
CBCT sections I.5 months post-operatively showing early 
signs of fracture healing ,c,d panoramic and 3D CBCT 
sections 3 months post-operatively showing progression of 
bone healing  

Table (3): Distribution of the studied groups at two different 
times according to % of change of bone density (n=21) 

% of change 
of bone 

density from 
6 weeks to 3 

months 

Shock wave 
(n=7) 

Ultrasound 
(n=7) 

Control 
(n = 7) H p 

Min. – Max. 7.15 – 71.81 -18.28 – 40.07 9.76 – 39.86 

0.742 0.690 Mean  ±SD. 31.11±21.22 20.04±19.88 21.44 ± 9.92 

Median 28.68 18.52 18.09 

H: H for Kruskal Wallis test 
p: p value for comparing between the studied groups 

 
Figure (6): A 35-year-old male patient with left 
parasymphyseal fracture treated with reduction and 
maxillary mandibular fixation, a,b panoramic and 3D 
CBCTsections I.5 months post-operatively showing early 
signs of fracture healing ,c,d panoramic and 3D CBCT 
sections 3 months post-operatively showing progression of 
bone healing . 

 
DISCUSSION 
Fracture healing is highly complex process affected by 
many biological and biomechanical factors. Optimizing the 
conditions for healing is the basis and the goal of all 
fracture treatment.  Postoperative   morbidity   stills   a  
major disadvantage following oral and maxillofacial 
surgery with pain, trismus, swelling and infection that 
affect patients’ quality of life and psychological well-
being. (16)  
Even in conservative management of undisplaced or 
minimally displaced mandibular fractures by MMF, 
unfortunately, it requires a prolonged period of 
immobilization which causes discomfort, weight loss, 
malnutrition, and most importantly can compromise airway 
function in case of vomiting. In an attempt to reduce 
immobilization time so facilitating early   return to 
function with minimal morbidity, there were lots of ways 
and studies about how to accelerate bone healing to ensure 
the patients rapid recovery which includes return to work, 
recreation and family life.  Enhancement of biomechanical 
environment of skeletal repair can be done by physical 
stimulation therapies also known as bone growth 
stimulators. Those modalities are appealing because they 
are almost   safe and less invasive. The two current major 
categories of physical stimulation therapies used for 
fracture healing include low intensity pulsed ultrasound, 
and extracorporeal shock wave therapy. (17)  
So in our study we investigated the effect of both devices 
on the healing of fresh mandibular fractures, the 
extracorporeal shock wave therapy for group I (study 
group), and low intensity pulsed ultrasound for group II 
(study group) and no application of physical stimulation 
therapy for group III (control group).   
Twenty-one Egyptian adults aged 20-40 years old with 
fresh mandibular fractures were included in this study. All 
patients were free of any systemic or bone disease. So 
excluding any patient- related   factors affecting  fracture 
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healing. In addition, patients presenting with infection, 
burn and scar in the skin of relevant working area or with 
any contraindication to ESWT, LIPUS or CBCT were 
excluded. Furthermore, all fractures were single non-
displaced fresh mandibular fractures treated with closed 
reduction and MMF using Erich arch bar or eyelet wiring 
fixed using 24 gauge wires.   
Twelve patients were males (57.1%) and nine were 
females. Male affection was more   which   is consistent 
with most of the studies. This is in accordance with other 
studies showing a male predilection in maxillofacial 
fracture. (18-20)  
Road traffic accident was the most common etiologic 
factor (71.4%), then interpersonal violence (23.8%) and 
fall (4.8%). Young adults represent a large mass in our 
country  who actively  participate  in  outdoor  activities  
without  much  caring about safety  rules  such  as seat  
belts in cars and wearing crash  helmets when riding 
motorbikes. Over   using   mobile  phones  while  driving 
with   noncompliance   with traffic laws.Next  come  inter 
personal violence and falls  as a cause  of maxillofacial  
injuries  in which  sport related injuries seem to be 
increasingly implicated in the etiology of maxillofacial 
trauma.(20)  
In the present study the most frequent anatomic locations 
of mandibular fractures were in the body of the mandible 
(47.6%), followed by parasymphyseal region (38.1%) and 
ramus in 14.3%. This is mostly regarding to the fact that 
lower canines having longer roots than adjacent teeth, the 
fact that makes the bone in this area weaker and more 
liable to fracture. These results are incompatible with Sakr 
et al., who found  in 2006  that the angle was the most 
common site.(20)  and with Melek and Sharara, who found 
in 2016 that parasymphyseal region is the most commonly 
affected site.(21) Still, no complications were observed 
except for slight gingival inflammation and bleeding after 
MMF in the immediate postoperative period.   
The pre-operative evaluation was based on clinical, extra-
oral, intra-oral examination and standard 
Orthopantomogram to assess the site of fracture and 
exclude other associated injuries. In all patients, standard 
principles of surgical preparation, reduction, fixation and 
suturing were followed. And oral hygiene was maintained 
by 0.2% chlorhexidine oral rinses. Warm fomentation, 
antibiotics, anti-inflammatory and analgesic drugs were 
administered for 5-7 days following surgery. Patients were 
instructed for careful oral hygiene measures, stop smoking 
and avoid biting on any hard food and rest.  In addition 
soft, fully liquid, high protein, high calorie diet was given 
for all patients for 4 weeks postoperatively. A minimum 
post-operative follow-up period of 3 months was required.  
In group I (seven patients) the fractures were closely 
reduced, treated with maxillary mandibular fixation 
(MMF), and followed by  receiving a single session of high 
energy electrohydraulic focused shock wave therapy (4000 
impulses; 0.35mJ/mm2) energy flux density per impulse 
and frequency range from 4 to 6 Hz under regional 
anaesthesia. It had been postulated that the extracorporeal 

shockwaves caused micro trauma or micro fracture and 
induced neovascularization through hematoma formation 
which would increase osteoblast or fibroblast activity. 
Focused shockwave affects small precisely defined area 
carrying more energy which invades deeply in tissues to 
increase local blood flow and stimulates inflammatory 
response to promote tissue healing accordingly.(14) The 
biomechanical pathway promoted by dynamization and 
local strain or deformation enhancing micro-movement at 
the fracture site resulting in stimulation of 
osteogenesis.(22)   
Modern research efforts in orthopaedics are oriented into 
bone callus enhancement by surgical, pharmacological, 
cellular, and biophysical strategies in order to improve 
fracture healing process. (23)  
In previous studies, the authors concluded that 
extracorporeal shock wave therapy may stimulate the 
healing process as it produces physiological effects and 
biological healing processes, bone remodeling, anti-
inflammation and increases bone mass concentration, in 
delayed unions or nonunion. (15)   
Several studies have strongly backed the evidence that 
ESWT has a potential to induce bone regeneration. It was 
concluded that ESWT combined with intermaxillary 
fixation can be an effective therapy for accelerated fracture 
healing and even for the reduction of complications 
associated with fracture healing.(8)  
In group II (seven patients) with mandibular fracture which 
was closely reduced and fixed with MMF, and then 
underwent eighteen sessions for twenty   minutes of low 
intensity pulsed ultrasound with frequency of 1MHz, 
intensity 1.50 W/cm2 applied externally over the area of 
fracture line, starting from the day after closed reduction 
and repeated three times weekly for six weeks with 
considering analgesic if required on the day of the session.    
LIPUS was found to enhance fracture healing by 
stimulating earlier synthesis of extracellular matrix protein, 
the aggrecan in cartilage, possibly altering chondrocyte 
maturation through endochondral bone formation pathway. 
Other clinical trials; done on humans, have shown that 
LIPUS has a positive effect on bone healing and the 
reduction of fracture healing time, mainly in cases with 
long bone fractures.(23)  
LIPUS treatment is more suitable for fractures with 
conservative treatment rather than those with operative 
treatment as it is a high-energy wave generating deep heat 
energy that may further aggravate the thermal 
osteonecrosis caused by bone drilling during the operation. 
Also, it should not be expected as a method to reduce the 
incident rate of delayed union and nonunion. (24,25)  
The third group III (seven patients) their   mandibular 
fractures were closely reduced and fixed with MMF, by 
using Erich arch bar and 24 gauge stainless steel wire 
without any physical intervention.   
Regarding the postoperative pain assessed by visual 
analogue scale (VAS). There was no significant difference 
between the three groups at the first 24 hours 
postoperatively where the mean value of pain score 7.9± 
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0.7 in the three groups, and was treated by using diclofenac  
potassium orally 50 mg three times daily for five days. 
After one week, pain score was measured again by using 
VAS and the mean value of pain score in group I (ESWT 
group) which was subjected to shock wave session became 
2.86 ± 1.07. For group II  (LIPUS group) the mean value 
of pain score became 4.86 ± 0.90 after 3 sessions of low 
intensity pulsed ultrasound, where in group III (control 
group) the mean value of pain score became 6.0±0.58.This 
difference was statistically significant where the pain 
decreased markedly after one week in case of group I. This 
may be explained by the fact that extracorporeal shock 
wave improves the blood circulation and has a proven 
analgesic effect. (8, 15)  
In this study, radiographic follow up was performed with 
CBCT radiograph to measure the bone density. This agreed 
with the studies of Angelopoulos et al. 2012 (26), and 
Parsa et al. 2012 (27) which demonstrate a strong 
correlation between gray- scale values of CBCT images 
and bone densities. This has implications for potential 
quantitative radiological approaches to determine bone 
density from CBCT images. The mean bone density of 
group I was higher than groups II and III, but the 
percentage change of the bone density was not statistically 
significant comparing the three groups.   
Our results show that the use of the extracorporeal shock 
waves as an adjuvant in the treatment of fractures of the 
human lower jaw is better as its applicator produces shock 
waves which are single high amplitude sound waves 
generated by electrohydraulic generator that provides a 
deeper penetration (up to 5cm) than that of conventional 
ultrasound therapy. Shock waves differ from regular sound 
waves in that when compression takes place, there is 
sudden change in stress and density. Also, they travel 
faster than sound, and their speed increases as the 
amplitude (pressure) is raised. And as the intensity of a 
shock wave decreases faster than does of a sound wave, 
wavelets at high pressure lead to deformation of the wave 
so that the wave crest assumes a sawtooth appearance, 
which is different from the sinusoidal appearance of a 
regular sound wave. Furthermore, shock waves differ from 
ultrasound waves since the former is uniphasic with high 
peak pressure (in the order of a hundred MPa), and the 
latter is biphasic with very low peak pressure (in the order 
of a hundredth of MPa). (24)  
Shock wave has shown to be a less time consuming (20 
minutes for one single session) than the low intensity 
pulsed ultrasound (20 minutes per day, three sessions 
weekly for six weeks). (28, 29) 
 In conclusion   of   ESWT application on the fracture site 
of mandibular fracture may be useful in acceleration of the 
fracture healing and our study could be the setting stone for 
further studies and researches as to the best of our 
knowledge, it is the first time for using shock wave therapy 
in the management of jaw bone fractures. So we reject the 
null hypothesis of this study. 
This study has some limitations. The sample size was small 
and included a homogenous population of patients. We 

didn’t include children or elderly whom may benefit a lot 
from accelerating healing and analgesic effect of ESWT. 
Also, patients with biological factors known to affect bone 
healing like anemia, malnutrition, smoking, diabetes 
mellitus, vasculopathies   and   others either patient-related 
or fracture-related were not included. These issues may be 
the target of future large-sized clinical trials.  
 
CONCLUSIONS  
Within the limitation of this study, the following could be 
concluded:  
Extracorporeal shock wave therapy is safe  and  effective 
therapy for fracture healing as it can increase the bone 
mass density, advance blood perfusion and metabolism of 
the surrounding soft tissue, In addition to play an important 
role in pain-relieving effect. So it may be helpful in 
acceleration of fracture mandible. 
This study is the first time of using shock wave therapy in 
the treatment of jaw bone fractures and the promising 
results will encourage the implementation of more studies 
to confirm the value of this treatment modality. 
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