
Sanchita Dass et al.                                                                                                     JNDE, Vol. 19, Issue 3, Sept 2022 
30 

 

 

 
Journal of Non Destructive Testing & Evaluation (JNDE). Published by Indian Society for Non-Destructive Testing (ISNT) 

http://jnde.isnt.in 

Thermal Non-Destructive Testing with Effective Biomaterial for Bone Density 

Diagnosis: A Numerical Study  

Sanchita Dass1, Juned A Siddiqui1a 

1,2 Department of Electronics, Medi-Caps University Indore, (M.P.), India 
aEmail: juned.siddiqui@medicaps.ac.in 

 Abstract  

Nanoscale biomaterials play an active role in the medical field. These materials are used for different 

applications, such as biological system repair, replacement, stimulation, and interaction. This 

encourages us to seek out bio-materials that can be helpful to enhance the detection capabilities of 

active thermography. This non-destructive testing technique (NDT) yields such promising results that 

it can be used as a screening tool for the early detection of bone diseases. Hence, in this work, we used 

modulated active thermography with iron oxide nanoscale biomaterial to detect bone density. 

Normally, modulated active thermography uses a post-processing scheme to improve depth 

penetration; hence, this work utilized a pulse compression-based technique. This study focuses on the 

effect of biomaterial coating on bone with varying densities when using active thermography. We are 

using a three-dimensional FEM bone model with different density variations for this. We also compare 

the coated and non-coated resolutions using the signal-to-noise ratio (SNR). Furthermore, we 

discovered that the iron oxide coating can improve the current thermal NDT technique. 
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1. Introduction 

Active infrared thermography (IRT) is a non-

destructive technique for diagnosing that uses 

external heat simulation and records surface 

temperature variation. Because of its safe, non-

contact, non-invasive, and wide-area inspection 

characteristics, it has gained critical importance in the 

field of non-destructive testing and evaluation for 

biomedical applications in recent years. This thermal 

wave imaging, which has a wide range of applications 

in the diagnosis of various diseases based on thermal 

contrast analysis, can also be used to determine 

variations in bone density. A controlled stimulus is 

applied to the subject, and the resulting response is 

recorded. To diagnose density variation, additional 

processing techniques are used to study the thermal 

map over skin[3]. The most commonly used active 

TNDT approaches, depending on the object to be 

inspected and the external stimulus, are pulse 

thermography (PT), lock-in thermography (LT), and 

pulse phase thermography (PPT) [5]. However, these 

conventional methods of pulse and pulse phase 

necessitate high peak power [6], and lock-in 

necessitates repetitive injection of mono-frequency 

sinusoidal heat flux to locate defects at different 

depths. To overcome the limitations of traditional 

thermal wave imaging techniques (depth resolution 

peak power), linear-frequency modulated thermal 

wave imaging [7] (LFMTWI) is proposed, which can 

be performed with moderate peak power heat sources 

in a shorter time span than conventional pulse and 

lock-in based thermographic methods [8]. This study 

shows how to use the FMTWI technique for bone 

diagnostics [11], specifically by considering the bone 

with tissue, skin, and muscle over layers. To test the 

efficacy of the proposed method, LFMTW is applied 

to a modelled bone sample along with a bio-material 

coating [9]. A bone sample with different stages of 

osteoporosis and a bio-material coating is modelled 

using finite element analysis and simulated with a 

frequency modulated stimulus in this paper [10]. 

Further, pulse compression and Fourier analysis 

techniques are used as post-processing schemes for 

better detection, and their performance with signal-to-

noise ratios is compared with coated and non-coated 

bone models. 
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2. Heat simulation and postprocessing   

As shown in fig 1, we used LFMWI heat stimuli with 

frequencies ranging from 0.01 to 0.5 Hz and lasting 

100 seconds. In this technique, modulated thermal 

waves with a suitable frequency band and equal 

energies are probed into the test sample to detect 

defects at various depths. It can be expressed as 

 

f(t) = A ej2π((f1+Rt)t)                     (1) 

'A' is the flux amplitude, 'f1' is the modulated 

frequency, R is the sweep rate, and ′t′ is the time. 

 

 

Fig. 1. Schematic of Linear Frequency Modulated Signal 

imposed on bone sample. 

In this paper, we use a post processing technique 

based on pulse compression. Each pixel temperature 

profile is assumed to be a time sequence in the IRT. 

These patterns include a temporal thermal response 

and an active response that correspond to the offset in 

excitation. Cross correlation is performed between 

the temperature time sequence distribution of the 

selected reference pixel and the time delayed version 

of the pixel over the sample to obtain an active 

response. The difference in temporal temperature 

responses provides information about defective and 

non-defective regions that are dependent on the 

thermal properties of the material. This captured 

temperature time sequence distribution can be 

recaptured using the following formula: 

Correlation - Coefficient(CC) = IFFT {RT (ω)∗.OT (ω)}      (2) 

 

Here, The Fourier transforms of the chosen reference 

response and temporal temperature response at a 

given location are denoted by RT (ω)∗ and OT (ω). 

3.    Experimentation and Simulation 

A 3D Finite Element Analysis (FEA) of a human 

bone sample was performed to test the proposed 

model. The modelled bone sample is made up of 

different layers with varying thicknesses, including 

skin (0.5 mm), fat (0.5 mm), muscle (0.5 mm), and 

bone (2.5 mm). In order to visualise the different 

stages of osteoporosis, the bone region was further 

comprised of four artificial abnormalities, each with 

a diameter of 20 mm and different thermal properties 

such as Density, Thermal Conductivity, and Specific 

Heat. Table 1 shows the sample thermal properties of 

the holes on bone region. 

Table 1. Thermal Properties [27] 

 

Table 2.  Iron oxide thermal Properties [28] 

The front end (skin surface) of modelled sample is 

excited by imposing a Linear Frequency Modulation 

with a 500 W m-2 heat flux during active heating, the 

corresponding temporal temperature response over 

the skin surface was recorded at a frame rate of 33 

frames per second. The simulations were run under 

non-isothermal boundary conditions, with the sample 

at 310.15 K normal body temperature. The simulated 

data recorded over the skin is then analysed in the 

frequency domain. As shown in Fig 2, FEA is 

performed on a modelled specimen coated with a 

thermo-active biomaterial. Furthermore, AWGN with 

an SNR of 60 dB is artificially inserted into the 

simulated data so that the proposed method can be 

used in real-time situations. 

 

Region Density (ρ) 

(Kg m−3) 

Thermal  

Conductivity 

(k) 

 (W m–1 K–1) 

 Specific  

Heat (c) 

(J Kg–1 K–1) 

Skin 1109 0.37 3391 

Fat  911 0.21 2348 

Muscle 1090 0.49 3421 

Bone 2420 0.616 1430 

D1 1480 0.25 1200 

D2 1200 0.34 2000 

D3 2090 0.532 1235 

D4 2310 0.588 1365 

 

Nanoparticles Density 

(ρ) 

(Kg 

m−3) 

Thermal 

Conductivity 

(k) 

(W m–1 K–1) 

Specific 

Heat 

(c) 

(J Kg–1 

K–1) 

    

Iron oxide 5240 0.3 103.9 
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Fig. 2. Layout of the bone sample with biomaterial coating. 

4.Results and discussion 

This study demonstrates the efficacy of the bio-

material (Iron-oxide) in conjunction with the linear 

frequency modulated thermal wave imaging 

technique. The results show that the contrast achieved 

in Correlation – Coefficient (CC) image with the bio-

material coating on the bone is superior to that 

achieved in conventional Correlation – Coefficient 

(CC) image without any coating. This could be 

because the Iron oxide nano-particles have improved 

thermal properties. Fig 3 and 4 depicts the measured 

SNR values for circular shaped bone defects with and 

without biomaterial coating. The results show that 

images with biomaterial coating have higher SNR 

values than images without coating. 

 

 

 
Fig. 4. SNR Comparison (a) non-coated and (b) coated 

bone sample   

5. Conclusions 

The frequency modulated thermal wave imaging 

technique is used in this paper to detect bone density 

variation with a Iron oxide nanoparticle coated 

sample using a finite element modelling approach. 

The proposed schemes' bone density detection 

capabilities are further quantified by taking SNR into 

account. The results clearly show that the bio-

material Correlation images have a much higher 

contrast of visibility of defects when compared to the 

same images without bio-material LFM. 
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