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ABSTRACT 

Objective: To evaluate the effects of duration of its exposure on healthy bone. 

Study Design: Experimental study. 

Place and Duration of Study: This study was conducted at the Department of Physiotherapy Ziauddin University, 

Karachi from April 2021 to June 2021 for a period of 8 weeks.  

Materials and Methods: Total of 18 rats were enrolled in this study (6 rats in each group). Group A was the control 

group, whereas groups B and C were given 10 minutes and 20 minutes of ultrasound at 1.5 MHz frequency 

respectively for 14 days. All rats were sacrificed next day using standard protocols and data was analyzed using 

SPSS version 25. 

Results: Our study showed statically significant decrease (p-value 0.003) in mean number of osteon per hpf  ( 6 in 

both group A and B while 2.3 in group C) and in mean number of lamellae  (13.1 in group A, 12.8 in group B and 

3.3 in group C )as the duration of ultrasound increased. Area of haversion canal and area of osteon showed statically 

significant increase (p-value 0.027 and 0.002 respectively) as the duration of therapeutic ultrasound increased. Mean 

area of haversion canal in group A, B and C were 37.6 μm2, 37.3 μm2 and 59.3 μm2 respectively. Mean osteon area 

in group A, B and C were 311.2 μm2, 266.9 μm2 and 230 μm2 respectively. 

Conclusion: Use of therapeutic ultrasound on healthy bone showed damage to bone histology by decreasing the 

number of osteons, osteon area and number of lamellae and increase in area of haversion canal. 
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INTRODUCTION 

Therapeutic ultrasound (TUS) is a modality used by 

physical therapists all over the world for pain 

management in musculoskeletal injuries as well as in 

soft tissue lesions such as sprains, tendinitis and 

bursitis1 in the clinical setups mostly 1 to 3 MHz 

frequency of therapeutic ultrasound is used. Although it 

has a frequency range between 0.75-3.00 MHz but the 

frequency of 1 MHz is the starting point utilized in the 

clinical setting for deep tissue injuries due to its 

penetration (3-5 cm in tissue). On the other hand, 3 

MHz frequency is used for superficial injuries as it can 

go up to 1-2 cm depth.2 

Therapeutic ultrasound has both thermal and non-

thermal effects where non-thermal effects are related to 
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cavitation. Whereas increased metabolism and blood 

flow are the thermal effects including analgesic effect 

on nerves3. 

Evidences present in the current literature shows both 

benefits as well as potential risks of using the 

therapeutic ultrasound in the clinical settings especially 

after fractures4. Results obtained on rabbits showed 

damage to the femur bone when applied to the thighs 

resulting in necrosis and osteocyte damage5. On the 

other hand, therapeutic ultrasound increased 

osteoblastic activity and accelerated the healing process 

when applied on tibia of rats6. In a similar study on 

Wistar rats it was reported that application of 

therapeutic ultrasound on the site of the fracture showed 

rapid ossification in the early stages of healing7 It was 

reported by Miller et al that therapeutic ultrasound 

treatment showed damage to the femur bone when 

applied to the thighs of the rabbits including necrosis 

and osteocyte damage and on the other hand it shows 

good results when applied to an injured bone.8 This 

study aims to evaluate the effects of TUS on 

histomorphomerty of healthy bone. 

MATERIALS AND METHODS 

The study was conducted in the Ziauddin University, 

Karachi, Pakistan, following ethical committee 
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approval of Ziauddin University Ethical review 

committee.  

The sample was collected by simple random sampling. 

The subjects were 18 healthy young male Sprague 

Dawly Rats (SD) weighing 200-300gms, divided into 

three groups; 6 were assigned to the control group A 

with no TUS exposure, 6 to the 10 minutes ultrasound 

experimental group B and 6 to the 20 minutes 

ultrasound experimental group C. Both groups B and C 

were given 1 Hz frequency of ultrasound waves for two 

weeks. They were housed in individual cages and fed a 

standard laboratory stock feed and water. Adequate 

temperature and day night cycles were maintained.  

All rats of all three groups were dissected anesthetically 

and their tibia was harvested to study under the 

microscope on the 15th day, after which bilateral tibia of 

all the rats were harvested and the transverse section at 

the level of mid-shaft of tibia was removed from the 

bone for histological examination. The harvested bone 

was kept in formaldehyde solution for few hours and 

then the process of bone demineralization and 

dehydration using isopropyl alcohol was followed. 

After the removal of alcohol using xyelene solution, 

sample fixation and overnight paraffin embedding was 

done. Finally, 5 micrometer size sectioning of samples 

was done. The samples were then stained with 

hematoxylin and eosin dye. 10 slides were made per 

mouse tibia. Once the slides were prepared,  

Nikon Ts2R-FL Inverted Research Microscope was 

used to capture images and analysis which included 

determination of the number of osteons per hpf, number 

of lamellae, area of haversion canal and osteon area and 

Nikon NIS Elements-D Software was used For image 

processing - Adobe Photoshop Version CS2.  

Data was analyzed using SPSS version 25. Shapiro 

Wilk test was run to analyze the distribution of data, it 

was found that two variables i.e. No. of osteons and no. 

of lamellae showed significant p-value <0.05, rejecting 

the normal distribution, however rest of two variables 

i.e., osteon area and area of haversion canal showed 

normal distribution, p-value >0.05. The differences in 

between the group analyses in normally distributed 

variables was done using the parametric test ANOVA, 

however in not normally distributed variables, Kruskal 

Wallis H test was applied. 

RESULTS 

After the preparation of the microscopic slides, all 

groups were studied under microscope to assess the 

TUS intervention outcomes in experimental and control 

groups including number of osteons/ Hpf, Osteon area, 

number of lamellae per osteon and area of Haversian 

canal. All these morphological differences are shown in 

in Figure 1 which showed H&E-stained photo-

micrographs showing sections of bone.  

1A represents control group without any TUS 

intervention, 1B represents 10 minutes TUS 

intervention and 1C represents 20 minutes TUS 

intervention. 1,2,3,4 represent Haversian canal, 

lamellae, lacune and osteon respectively. 

 Figure 1 A shows normal bone histology, 1B 

represents reduced number of lamealle and reduced 

area of osteon as a result of 10 minutes TUS exposure. 

1C represents reduced number of osteons and lamealle, 

reduced area of osteon and increased area of haversion 

canal at magnification, 200 X. 

 
Legend: Figure 1:  H&E-stained photomicrographs 

showing sections of bone. A control group without any 

TUS intervention, B 10 minutes TUS intervention and 

C 20 minutes TUS intervention. 1 Haversion canal, 2 

lamealle, 3 lacune and 4 Osteon.  A showing normal 

bone histology, B showing reduced number of lamealle 

and reduced area of osteon as a result of 10 minutes 

TUS exposure. C showing reduced number of osteons 

and Lamealle, reduced area of osteon and increased 

area of Haversion canal. Magnification, 200 X. 
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Comparison of number of osteons, number of 

lamellae, area of haversion canal and osteon area in 

between the groups: Comparison of number of osteons 

and number of lamellae in between the three groups 

was done using Kruskal Wallis H test and it showed 

significant difference among the groups in context to 

number of osteons and lamellae, with the p-value 0.003 

and 0.003 respectively. (Table 1) 

Table No.1: Comparison of Number of Osteons, 

Number of Lamellae, Area of Haversion Canal and 

Osteon area 

Variables Group Mean ± SD P-Value 

Number of 

Osteons per 

hpf*  

A 6±0.89  0.003 

B 6±0.89 

C 2.3±0.81 

Number of 

Lamellae per 

hpf* 

A 13.1±2.3 0.003 

B 12.8±1.8 

C 3.3±1.96 

Area of 

Haversion 

Canal μm2**  

A 37.6±10.45 0.027 

B 37.3±11.49 

C 59.3±19.3 

Osteon area 

μm2** 

 

A 311.2±31.4 0.002 

B 266.9±32.6 

C 230±30.4 

 *Kruskal Wallis H test for comparison between the 

groups. 

**ANOVA used for comparison between the groups 

In our study mean number of osteons in groups A, B 

and C were found to be 6±0.89, 6±0.89, and 2.3±0.81. 

This shows a statistically significant (p value 0.003) 

decrease in number of osteons as the duration of 

exposure of was increase. Similar results were obtained 

when numbers of lamellae were compared between the 

control and therapeutic ultrasound groups. Mean 

number of lamellae in groups A, B and C were found to 

be 13.1±2.3, 12.8±1.8, and. 3.3±1.96. This shows 

statistically significant (p value 0.003) decrease in the 

number of lamellae as the duration of exposure of 

therapeutic ultrasound was increase.  

The area of haversion canal and osteon area were 

compared between the groups using ANOVA test. 

Detailed description is mentioned in (Table 1). The 

mean area of haversion canal A, B and C were found to 

be 37.6±10.45 μm2, 37.3±11.49 μm2 and 59.3±19.3 

μm2. Which shows a statistically significant increase in 

the area of haversion canal (p value 0.027) as the 

duration of exposure of was increase. When Osteon 

Area was compared between the control and therapeutic 

ultrasound groups the mean Osteon Area in groups A, B 

and C were found to be 311.2±31.4 μm2, 266.9±32.6 

μm2 and 230±30.4 μm2. It shows a statistically 

significant decrease in the Osteon Area (p-value 0.002) 

as the duration of exposure of therapeutic ultrasound 

was increase. 

Comparison of Variables Using Post HOC: Variable 

was compared with each of the group using post hoc 

test, it was found that there is no difference in any of 

two variables (number of osteons and number of 

lamella) in between the Group A (Control) and Group 

B (10 min ultrasound) with the p-value 

>0.005.Whereas, there is significant difference in both 

variables between Group A (Control) and Group C (20 

min ultrasound) with the p-value 0.009 in Number of 

osteons and 0.007 in number of lamellae.  

Similarly, there is significant difference in both 

variables between Group B (10 min ultrasound) and 

Group C (20 min ultrasound) with the p-value 0.009 in 

Number of osteons and 0.013 in number of lamellae. 

Comparison with respect to each of the group is 

mentioned in Table 2. 

Table No.2: Comparison of variable with each of the 

group 

Difference in Between the Group A & B 

Variables Std. Error P-Value 

Number of osteons 3.02 1.0 

Number of Lamella 3.04 1.0 

Difference in Between the Group A & C 

Number of osteons 3.02 0.009 

Number of Lamella 3.04 0.007 

Difference in Between the Group B & C 

Number of osteons 3.02 0.009 

Number of Lamella 3.04 0.013 

Comparison of area of haversion canal and osteon 

area with each of group 

Difference between Group A & B using Post Hoc 

Dunnett’s test: 

Variables Mean 

Difference 

Std. 

Error 

P-Value 

Area of HC (μm2) -0.03 8.26 0.99 

Osteon area (μm2) -44.3 18.2 0.05 

Difference between Group A & C using Post Hoc 

Dunnett’s test: 

Area of HC (μm2) 21.6 8.2 0.035 

Osteon area (μm2) -81.19 18.21 0.001 

Area of haversion canal and osteon area was compared 

with each of the group using post hoc Dunnet’s test, 

When Group A is compared to Group C, significant 

result was found in many of the variables including area 

of haversion canal with the p-value 0.03 and a mean 

difference 21.6 and osteon area with the p-value 0.001 

and a mean difference -81.19 The comparison with 

respect to each of the group is mentioned in Table 2. 

In our study the number of osteons indicated mean±SD 

in Group A & B is 6±0.89 with the compared to the 

Group C who were given 20 minutes of ultrasound, 

their mean±SD is decreased 2.3±0.81. The Osteon area 

also showed significant difference in between the three 

Groups A, B &, 0.002. The mean±SD in Group A is 

311.2±31.4 μm2, 266.9±32.6 μm2 in Group B & 

230±30.4 μm2 in Group C. The number of lamellae also 
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showed significant difference, the mean±SD is 13.1 

±2.3 in Group A, and 12.8±1.8 in Group B whereas 

3.3±1.96 in Group C. The area of haversion canal 

showed significant difference in between the three 

Groups A, B & C, the mean±SD in Group A is 

37.6±10.45 μm2, 37.3±11.49 μm2 in Group B & 

59.3±19.3 μm2 in Group C, shown in figure 2. 

 

 
Figure No.2: Representation of No of osteons, No. of lamellae, Area of Haversion Canal and Area of osteons 

in three groups. 

 

DISCUSSION 

All over the world low-intensity pulsed ultrasound has 

been used to treat the fractured bones. TUS shows 

promising effect on bone fracture healing9. Several 

studies have found that low intensity ultrasound 

increases the rate of tissue repair after injuries, 

especially those related with bone fracture10,11. 

The present study was aimed to analyze the outcomes 

of exposure of therapeutic ultrasound to the healthy 

bones. Number of osteons in Group A & B showed no 

significant difference as compared to the Group C who 

were given 20 minutes of ultrasound, it significantly 

reduced the number of the osteon, Area of osteon also 

significantly decreased with the increased exposure of 

the Therapeutic ultrasound.  These findings are 

supported by those of Izadifar which 

highlighted osteon damage and necrosis, characterized 

by pyknotic cells and empty lacunae, occurred within 

the ablation area extending through the bone after the 

exposure to the therapeutic ultrasound12. Palanisamy 

also in their studies documented that heating in the 

biological tissues including bone was caused by the 

higher ultrasound intensity as the therapeutic ultrasound 

increases the heat in the body tissues13. Another 

important observation was significant decreased 

number of lamellae per osteon after exposure to the 

therapeutic ultrasound. It has been implicated by studies 

carried out previously that tensile strength of bones is 

directly proportional to the number of lamellae.14 15 The 

lamellar structure may contribute to bone toughness by 

acting as delamination barriers, causing crack 

deflections. Decreased number of lamellae represents 

weak bone and porosity 16. 

In our study evidence of porosity after TUS exposure 

was also supported by area of haversion canal, which 

showed significant difference in between the three 

Groups A, B & C. In 10 minutes TUS group Area of 

haversion canal decreased slightly and in 20 minutes 

TUS group area of haversion canal significantly 

increased, which again show pores in cortical bone. 

These findings are supported by those of Miszkiewicz17 

that increase in the area of haversion canal represents 

porosity in a bone.  

There are many studies on the effect of ultrasound on 

the bone after fracture with and without other therapies 

in combination18 but very little evidence is present on 

the effect of therapeutic ultrasound on healthy bone 

tissues and different studies shows different results on 

healthy and injured bone. 
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CONCLUSION 

In our study therapeutic ultrasound on healthy bone 

showed damage to the bone by decreasing the number 

of osteons, area of osteon and number of lamellae. It 

suggests that Therapeutic ultrasound is harmful for 

healthy bone tissues with more than 10 minutes 

exposure. It was also observed that exposure to the 

therapeutic ultrasound increases area of the haversion 

canal which represents porosity in bone. 
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