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ABSTRACT 
Studying the dynamics properties change of bones is promising field to determine the bone integrity. Those studies trying to 
create non-radioactive test to evaluate the bone health condition. Previous study showed that the natural frequency of the bone 
changes due to disease which may affect the bone condition or due to aging [1-4]. In this study we disordered the bone matrix  by 
placing it in boiling water (100 C) for 1 hour. This treatment influence the mineral organic interface, increasing the porosity, losing 
the protein, and decrease in mechanical strength [5-7]. A comparison was made between boiled and fresh bones to evaluate the 
changes in natural frequency due to boiling treatment. Samples were collected from different cows (10 samples). CT-scan was 
made for the bones before and after the treatment and  finite element analysis were conducted based upon the DICOM images to 
determine the natural frequency for the fresh and boiled bone. Impulse test were used to calculate the natural frequency  
experimentally. Comparison between the two results showed a good agreement between the FEA and the experimental results 
(less than 10%). The natural frequency of the boiled bone was lower than that for the fresh bone. 
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INTRODUCTION 

 

Bones are living tissue which has several vital functions (forming the structure, protecting organs, 

regulating calcium, etc).  Therefore, monitoring the bone integrity is very important. The mechanical properties 

of the bones depends on the bone apparent density [1-3]. Therefore, any changes in the bone density will results 

changes in bone integrity. Bones disease affect the density which will results changes in the mechanical 

properties of the bones. The natural frequency of the bone is highly correlated to the mass, stiffness, and 

geometrical properties [3]. Understanding how the natural frequency changes due to any changes in above 

factors can results a non-radioactive diagnoses test to measure the bone integrity. The natural frequency for the 

bones was calculated theoretically by using Finite Element method and experimental by using impulse test 

method. FEA is conducted based upon the images obtained from the CT- scan test. This technique is widely 

used to create a three dimensional model and to assign the density of the bone according to the grayscale or 

Hounsfield number (HU) [8-9]. Placing the bones inside boiling water was studied by several researchers [5-7]. 

They focus on the change in structure of bone in micro scale. The distinguish between fresh, boiled, and cooked 

bones was their major goal  for archaeological record.  

Bone structure is a matrix consists of inorganic materials (calcium, phosphate, etc) which is responsible for 

the bones strength and organic (mainly collagen) materials gives the bone its elastic properties. The boiling will 

disrupt this matrix resulting changes in the mechanical properties of the bone. This process will not affect the 

inorganic materials but it certainly will change the organic materials. 
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Finite Element Analysis: 

Bones has very complicated shape and the apparent density vary from location to another. This problem 

was solved by using CT-Scan test (Figure 1). The images of the bones were collected and stored in DICOM 

format (Digital Imaging and Communications in Medicine). Those images has the size of 512X512 pixels. CT-

scan device type GE Medical Systems\Discovery CT 750 HD was used and the images were taken with the 

same setting (KVP 120, slice thickness 2.5 mm, and tube current 120 mA). The test was conducted for the fresh 

bones and the boiled bones. The DICOM images are exported to MIMICS program to construct the three 

dimensional model. Program named 3-matic was used to generate the surface meshing. The quality of the 

surface meshing was tested by using height to base ratio. The volumetric meshing was generated by using 

elements type TET 4 (3-matic program has two option for the volumetric meshing TET 4 and TET 8). The 

meshed modal is exported to MIMICS program again for the material assignment. Based on the grayscale of 

each pixel in the region of interest and the apparent density was calculated. The finite element modal is exported 

to ANSYS mechanical APDL for the modal analysis (Figure 2). Modal analysis is used for the calculation of the 

natural frequency for different modes of vibration. Figure 3 below shows the process of construction the three 

dimensional model.  

 

 
 

Fig. 1: CT-Scan test for the bones. 

 

 
 

Fig. 2: FEA in ANSYS 
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Fig. 3: Three dimensional modal and FEA modal 

 

Material and Experimental: 

The samples were collected from different of cows (10 samples). Most soft tissue was removed carefully. 

The samples were stored in -20 C. The bones are placed in boiling water (100 C) for one hour. Modal test was 

conducted before and after boiling. The equipments used in the modal test are listed in the table below. 
 

Table 1: Modal test equipments. 
No Device Company Description 

1 Impulse hammer type IH-1 YMC PIEZOTRONICS,INC Sensitivity 25mV/N 

2 Dynamic signal Analyzer YMC PIEZOTRONICS,INC YMC 9004 IEPE 

3 Miniature Accelerometer YMC PIEZOTRONICS,INC Sensitivity 100 mV/g 

 

The modal test was done with free-free boundary conditions [1-3]. The free-free boundary condition was 

simulated by placing the bone on soft sponge. The bone was excited by hammering on different locations on the 

bone by using the impulse hammer. The load cell on the tip of the hammer record the striking force signal. The 

response is captured by using miniature accelerometer. The dynamic signal analyzer will plot the frequency 

response function (FRF) by using the two signals. Peaks were identified  on the magnitude curve. The natural 

frequency is extracted by the help of the phase angle diagram. The quality of the test was monitored by the 

coherence. Any FRF plot which has coherence lower than 1 is ignored [10]. Due to the free-free boundary 

condition the second strike was a challenging issue. A care must be applied when hitting the bone.  Figure (4) 

shows the experiment setup.  

 

 

Fig. 4: The modal test For Fresh bone. 

http://www.chinaymc.com/en/
http://www.chinaymc.com/en/
http://www.chinaymc.com/en/
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Fig. 5: The excitation and response waves. 

 

Fig. 6: Frequency response function and phase angle diagram. 

 

Fig. 6: Frequency response function and coherence diagram. 
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Figure (5) shows the captured waves for the excitation and response. The two captured signals were used to 

draw the frequency response function (FRF). The FRF is the ratio of the response to the excitation. The response 

wave is captured by the accelerometer and the excitation wave is captured by the load cell on the impulse 

hammer. The peaks on the magnitude graph represents a probable  natural frequency locations. Another 

evidence is required to identify the natural frequency. The phase angle diagram is also showed in figure (5) 

represents the second required evidence. Peaks with sudden change in the phase angle will be identified as 

natural frequency locations [11].  The quality of the test was monitored by the coherence function (it's the 

measure of correlation of the output to the input). Figure (6) shows the coherence function and magnitude 

diagrams. From the diagram it is clear if the coherence value is around or if it far from one. All the tests which 

has coherence value far from one is eliminated. 

Each bone was stricken with the impulse hammer in 30 different locations. Those strikes took place along, 

on the sides, proximal, and distal ends.  In total sixty graph were plotted for the bone before and after the 

treatment.   

 

Results: 

The natural frequency for the bones before and after boiling was extracted by using FEA and 

experimentally by impulse test. There were good agreements between the two results. The error between the two 

methods is less than 10%. Tables below shows the natural frequency of the fresh and boiled bones. Several 

frequencies were extracted for different modes of vibration. 

 
Table 2: The natural frequencies (Hz) of the fresh and boiled bones for different          modes of vibration. 

NO Sample 
Fresh Boling Treatment 

Percentage Decrease (%) 
Exp FEA Exp FEA 

1 A1 

5358 5555 5126 5005 4.3% 

5651 5941 5480 5276 3.0% 

6030 6117 5712 5625 5.3% 

6738 6732 6433 6088 4.5% 

7006 7207 6750 6876 3.7% 

 

NO Sample 
Fresh Boling Treatment 

Percentage Decrease (%) 
Exp FEA Exp FEA 

1 A2 

720 785 695 688 3.5% 

5371 5180 5249 5337 2.3% 

7275 7320 6860 6681 5.7% 

7983 8209 7666 7402 4.0% 

8837 8410 8129 8275 8.0% 

 

NO Sample 
Fresh Boling Treatment 

Percentage Decrease (%) 
Exp FEA Exp FEA 

1 B1 

3759 3980 3515 3584 6.5% 

6103 6289 5859 5490 4.0% 

7031 7134 6872 6890 2.3% 

7499 7470 6982 7022 6.9% 

7995 7564 7580 7346 5.2% 

 

NO Sample 
Fresh Boling Treatment 

Percentage Decrease (%) 
Exp FEA Exp FEA 

1 B2 

5517 5767 5395 5514 2.2% 

6054 6057 5712 5638 5.6% 

6237 6118 6091 5935 2.3% 

6762 6627 6408 6829 5.2% 

7153 6913 6994 7796 2.2% 

 

NO Sample 
Fresh Boling Treatment 

Percentage Decrease (%) 
Exp FEA Exp FEA 

1 C1 

5912 5973 5730 5524 3.1% 

6555 6784 6262 5839 4.5% 

6054 6355 5908 5707 2.4% 

6762 7188 6420 6354 5.1% 

7336 7310 7104 6887 3.2% 

 

NO Sample 
Fresh Boling Treatment 

Percentage Decrease (%) 
Exp FEA Exp FEA 

1 C2 

6018 6168 5847 5323 2.8% 

6530 6684 6372 6288 2.4% 

6958 7019 6713 6900 3.5% 

7153 7233 7067 7187 1.2% 

7739 7858 7482 7367 3.3% 
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NO Sample 
Fresh Boling Treatment 

Percentage Decrease (%) 
Exp FEA Exp FEA 

1 D1 

5054 4932 4882 5211 3.4% 

5603 5066 5358 5441 4.4% 

6152 5874 5908 6036 4.0% 

7006 6900 6835 7293 2.4% 

7617 7350 7287 7639 4.3% 

 

NO Sample 
Fresh Boling Treatment 

Percentage Decrease (%) 
Exp FEA Exp FEA 

1 D2 

5310 5260 5004 5239 5.8% 

6079 6280 5700 5415 6.2% 

7214 7246 6884 6228 4.6% 

7446 7598 7153 7585 3.9% 

8605 8745 8300 7752 3.5% 

 

NO Sample 
Fresh Boling Treatment 

Percentage Decrease (%) 
Exp FEA Exp FEA 

1 E1 

3259 3102 3076 3123 5.6% 

5432 5194 5310 5389 2.2% 

6176 6075 5993 5780 3.0% 

6481 6422 6115 6052 5.6% 

6886 6707 6606 6740 4.1% 

 

NO Sample 
Fresh Boling Treatment 

Percentage Decrease (%) 
Exp FEA Exp FEA 

1 E2 

5566 5455 5322 5441 4.4% 

6225 6123 6079 5497 2.3% 

6640 6492 6408 6014 3.5% 

7116 7714 6896 6426 3.1% 

7421 8074 7250 7824 2.3% 

 

Discussion: 

The bone structure dynamic properties investigation is promising field which can be used to monitor the 

bone health conditions and fracture healing. This study was made to have better understanding about the change 

in the natural frequency due to changing the organic part of the bone matrix. This process was done by placing 

the bone in boiling water. The natural frequency for several modes of vibration were extracted by using FEA 

and experimentally by using impulse test. The extraction of the lower modes of vibration experimentally was 

very difficult and in many times we could not find them. This happened because the soft rubber tip on the 

impulse hammer did not provide sufficient energy to excite those modes. The hard plastic tip was used in all the 

experiment tests. There was good agreement in the results. Natural frequency after boiling is lower than the 

natural frequency before the boiling. The amount of decrease is almost the same for all the samples. This change 

in the natural frequency can be related to the changes which happened to the collagen due to boiling.  Boiling 

process will results protein loose,  crystalline increases, and porosity increases [6]. The mechanical properties of 

the bone depends on the arrangements and the compositions of the bone matrix. Boiling will results disorder in 

this matrix which will change the mechanical properties of the bone. The changes are almost the same for all 

bone specimens. That because we apply the same treatment for all of them [5]. 

 

Conclusion:  

The organic materials play significant role in controlling the mechanical properties of the bone and any 

change in those materials will results changes in the structure dynamic properties of the bone. Organic materials 

disrupting reduce the amount of the natural frequency. Osteoporosis increase the bone porosity and boiling has 

the same effect. Porosity increases will decrease the natural frequency of the bone. This study gives better 

understanding about the influence of the loose or the change in the organic materials on the natural frequency of 

the bone. In order to have nonradioactive test we need to understand the influence of each element in the bone 

matrix on the structural dynamic properties of the bone. 
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