
International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-7, Jul.-2016 

Quantitative Detection of Calcium Using Near-Infrared Spectroscopy For Apply in Bone Densitometry 
 

62 

QUANTITATIVE DETECTION OF CALCIUM USING NEAR-
INFRARED SPECTROSCOPY FOR APPLY IN BONE 

DENSITOMETRY 
 

1SIRIDECH CHAICHANAKOL, 2SHIGEO M. TANAKA, 3ANAK KHANTACHAWANA 
 

1Department of Mechanical Engineering, Faculty of Engineering,  
King Mongkut’s University of TechnologyThonburi, Thailand 

2 Kanazawa University, Ishikawa (Japan) 
3Department of Mechanical Engineering / Biological Engineering, Faculty of Engineering,  

King Mongkut’s University of Technology Thonburi, Thailand 
E-mail: 1bank2822@gmail.com, 2shigeo@se.kanazawa-u.ac.jp, 3anak.kha@kmutt.ac.th 

 
 
Abstract— At present, the conventional method for measuring bone density is X-raytechnique.  However, the equipment is 
expensive and X-ray is harmful for health since radiation can cause cell mutation which can lead to cancer.  The present 
research aims to study the possibility of using near-infrared light for measuring bone density.  Bone densitometry was 
designed by using Light-Emitting Diode (LED) with wavelength of 1720 nm as an emitter and the photo diode (PD) as a 
receiver.  Calcium blocks were prepared in order to mimic the bone with various thicknesses and densities. As a result, it is 
clear that output voltage increases with increasing either thickness or density of calcium.  This means light absorbance 
ability increases with increasing calcium thickness and density. The correlation coefficient of R>0.99 (n=30) confirms that 
optical spectrum at 1720nm can accurately measure bone density and thickness and suitable for further apply to bone 
densitometry. 
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I. INTRODUCTION 
 
Osteoporosis is a disease mainly associated with 
aging people. It is caused by deficiency of bone 
mineral, resulting in decreased bone mass or density 
overtime [1]. Low bone density may increase the risk 
for broken bones from a minor fall or simple action. 
In the early stage of osteoporosis, there are no 
obvious symptoms. The patients do not feel their 
bones becoming thinner and weaker. Thus, bone 
density measurement is considered as an indicator to 
predict fracture risk. Over a past few decades a 
growing global elderly population, coupled with 
awareness of osteoporosis has boosted the global 
bone density measuring device (bone densitometers) 
market. The market was valued at USD 777.9 million 
in 2012 and is anticipated to reach USD 976.4 million 
in 2019 with a compound annual growth rate (CAGR) 
of 3.3% from 2013 to 2019 [2].  
 
Presently, the techniques that are used to measure 
bone density are Dual Energy X-ray Absorptiometry 
(DEXA), Peripheral Quantitative Computed 
Tomography (PQCT) and Quantitative 
Ultrasonography (QUS) [3]. However, all of these 
machines are large and very expensive leading to 
high service charge. Moreover, only large hospitals 
can be major hubs for bone densitometry devices. 
Therefore, it is excellent opportunity to create low-
cost densitometer. 
 
In this paper, we present the potential of using Near-
infrared light (NIR)for development of bone 
densitometer [4], calcium block (Ca) has been used to 
represent as a main component of calcium 

hydroxyapatite(Ca5 (PO4)3(OH)).Optical spectrum 
wavelength of 1720nm were used to investigate the 
changes in thickness and density of calcium. 
 
II. SPECIMENS AND METHODS 
 
2.1 Selection of optical wavelength 
According to the light absorbance properties at near-
infrared of skin and bone, it is known that light 
absorbance of skin and bone largely differs with 
changing wavelength (Fig. 1-2).  Therefore, using the 
difference of light absorbance may be able to measure 
the change of bone density.  In order to select the 
suitable wavelength, 2 requirements were considered. 
Firstly, such wavelength should be the wavelength 
which highly absorb to bone because the high value 
of absorbance can clearly identify the difference of 
bone density.  Secondly, in order to avoid the 
absorption of skin component, the wavelength should 
not absorb to the skin or should lightly absorb to the 
skin.  From the above requirements, light source with 
optical spectrum wavelength of 1720 nm was 
carefully selected to use in the present research. 

 
2.2 Specimens 
Since calcium is a major component in bone, the 
calcium blocks with various thickness and density 
were prepared in order to use instead of the real bone.  
Fig.3 shows the chemical composition of the calcium 
block used in this study obtained from EDS analysis.  
The prepared specimens were shown in Table.1.  All 
specimens were divided into 2 groups in order to 
compare the difference in thickness and density. 
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Table.1 Density and thickness of calcium 
specimens 

 
 
2.3 Experimental 
This research has been developing the bone density 
measuring device for experiment. The deviceconducts 
with light emitter diode (LEDs) and photo detector 
(PD).  LED emits Near-infrared light with 
wavelength of 1720nm through calcium block and the 
transmitted light from calcium will be detected by 
light receiver (PD).  The amount of received light 
intensity are converted to voltage (V) and sent to the 
control unit for the real-time collection. The distance 
between LEDs and PD are fixed at 25mm. Fig. 4 and 
5 show schematic figure of measuring device and the 
photo of the measuring device attached with calcium 
specimen, respectively. 
 

 
Fig.1.Near-infrared absorbance spectrums of skin and water 

[5] 
 

 
Fig.2.Near-infrared absorbance spectrums of bone [5] 

 

 
Fig.3.Chemical component verify by Energy-dispersive X-ray 

spectroscopy (EDS) 

 
Fig.4.Schematic figure for measuring device. 

 

 
Fig.5. Measuring device with attached with specimen 

 

 
Fig.6. Output (V) collected from specimens with different 

density 
 

 
Fig.7. Relationship between output (V) and specimen density 
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Fig.8. Output (V) collected from specimens with different 

thicknesses 
 

 
Fig.9. Relationship between output (V) and specimen 

thicknesses 
 

III. RESULTS AND DISSCUSSIONS 
 
The experiments were divided into 2 parts in order to 
investigate the effect of calcium density and calcium 
thickness on light absorbance with wavelength of 
1720 nm. To investigate the effect of calcium density 
on the absorbability of light, the calcium blocks with 
different density varying from 600 to 1200 mg/cm3 
were prepared.  The thickness of calcium block is 
controlled to be constant (15mm). The similar 
thickness means the path lengths of light through 
every calcium blocks are similar. The experiments 
were done 30 times for 1 specimen (N=30).  Fig. 6 
shows the results obtained from specimens with 
different density.  The increase of output means the 
increase of light absorbance.  It is seen that the output 
from light detector increases with increasing calcium 
density.  On the other word, it is able to say that with 
increasing calcium density, clearly more light with 
wavelength of 1720nm can be absorbed into calcium. 
The correlation coefficient was calculated to be 
R=0.995 (Fig.7) which is high enough for the bone 
density measurement. 
On the other hand, the effect of calcium thickness on 
light absorbability was also investigated.  The 
calcium specimens with similar density (700 mg/cm3) 
but different thickness varying from 15 to 24 mm 

were prepared.  Fig. 8 shows the results obtained 
from specimens with different thickness. The 
experiments were also done 30 times for 1 specimen 
(N=30).  It is obvious that the output increases with 
increasing calcium thickness. The correlation 
coefficient R was determined to be 0.999 (Fig.9) 
which confirms the high potential of optical 
wavelength at 1720 nm for utilizing to identify the 
calcium thickness. 
 
CONCLUSION 
 
It can be summarized that specific wavelength of 
LEDs applying Near-Infrared spectroscopy under 
present method has high potential for bone density 
measurement. By using optical spectrum wavelength 
of 1720nm, the experiment results show high 
correlation coefficient (R>0.99) which is able 
toidentify the difference in thickness and density of 
the calcium. However, the accuracy of this prototype 
has not yet discussed for use in human due to the 
existence of some component such as skin which is 
differently depended on characteristic of human 
body. It is noted that by using near-infrared 
spectroscopy method, portable, smaller and cheaper 
bone measurement device will be expected. 
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