
 
 

 
Journal of Mechanical Science and Technology 24 (8) (2010) 1661~1668 

www.springerlink.com/content/1738-494x 
DOI 10.1007/s12206-010-0524-z 

 

 

 
Spectroscopic techniques as a diagnostic tool for early detection of osteoporosis† 

Kanika Singh1, Kwang-Sung Lee1, Donggeun Lee1,*, Yong Ki Kim2 and Kyung Chun Kim1,* 
1School of Mechanical Engineering, Pusan National University, Busan 609-735, Korea  

2Endocrinology and Metabolism, College of Medicine, Pusan National University, Busan 602-739, Korea 
 

(Manuscript Received December 23, 2009; Revised May 6, 2010; Accepted May 20, 2010) 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Abstract 
 
Osteoporosis (OP) a kind of bone disease, is very serious in particular for old persons, and may lead them to immobility and death. 

Early detection of the diseases is the first consideration for the patients to have more options to live a healthy life. The biomarkers or 
bonemarkers provide a promising challenge in clinical proteomics for early disease detection. In this paper, optical techniques such as 
Fourier Transform Infrared Spectroscopy (FTIR) and UV/Visible spectroscopy are employed to find the bone markers and emphasis has 
been given on noninvasive modalities for early detection of osteoporosis. Blood plasma samples procured from two groups, patients and 
healthy persons were tested. Both of the optical techniques revealed obvious differences in the spectra; between two groups, for example, 
increase in intensity for OP persons. New peaks were found at 1646, 1540, 1456 and 1077 cm-1 in FTIR spectra. Except 1588 cm-1, we 
showed decrease in spectral intensity of OP persons. In UV/Visible spectroscopy results, new peaks appeared in the OP patients spectra 
at the wavelength of 279 nm and 414 nm. These differences in the spectra of the two types samples, allow rapid and cost-effective dis-
crimination of the potential patients with the optical techniques which were verified by the bone densitometer in the hospitals. The new 
and novel technique is quick, reliable and effective. 
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1. Introduction 

Osteoporosis (OP), a serious bone disease, silently creeps 
itself has no specific symptoms; its main consequence is the 
increased risk of bone fractures. When the unaware patient 
realizes the seriousness of the disease, the diagnosis and 
treatments becomes unaffordable. In addition, the OP causes 
degradation in the bone condition especially of old persons 
because of increasing skeletal fragility with aging and possibly 
leads them to death. The medication given at right time can 
control the OP only if detected at the early stage [1-4]. The OP 
is still considered to be under-diagnosed and under-treated, 
hence challenges lie in identifying and understanding the total-
ity of features and characteristics.  

The degrading the bone conditions in the OP [2-4] is pri-
marily due to excessive demineralization of bone, bone min-
eral density (BMD) has been thought as a basis for the diagno-
sis of the OP and typically measured by a dual-energy X-ray 
Absorptiometry (DXA) in the hospitals. However, this tech-
nique has several disadvantages e.g. radiation effects, no early 
detection, invasive but time-consuming and unaffordable 

measurement [3, 4]. Hence, urgent need for easy, rapid and 
cost-effective tools for early detection and home care of the 
OP just like diabetes are required. More basically, discovery 
of distinct biomarkers between healthy and patients groups, if 
possible, would be the first step to get an insight of the me-
chanism for generation and progress of the OP as well as de-
velopment of more efficient medications.  

These days, different diseases are diagnosed by using bio-
chemical or pathological analysis. Blood analysis is mostly 
used for the diagnosis of the diseases. Biomarker giving the 
evidence of the disease is a bio-molecule or protein which can 
be identified in the blood plasma. For example, these bio-
markers are well established for the early detection of cancer 
[1]. Likewise, as bone metabolism is responsible for the bone 
condition [4-7], such biomarkers from blood analysis can be 
another kind of bonemarkers for predicting of the OP and 
bone fractures. Unfortunately, conventional blood analysis is 
mostly complicated, tedious and time consuming. Thus one 
seeks other ways to replace this blood analysis. It is notable 
that optical [8-17] and/or electrical techniques are in common 
use for the detection of proteins, which are simple to be used 
to give quick results for the detection of various diseases, like 
bone mineral density [12, 13], leukemia [17], cardiovascular 
diseases in blood plasma [10].  

Here, we therefore attempted, for the first time, to find the 
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bonemarkers indicating the potential patients of the OP by 
employing two optical techniques such as FTIR and 
UV/Visible spectroscopy. The two techniques are both power-
ful analytical tools for determining the microscale molecular 
composition of a variety of cells [9] and have importance in a 
study of biological structures and conformation of molecules, 
like proteins, lipids, acids, and so on. Blood plasma samples 
procured from two groups of patients and healthy persons 
were tested. Both of the optical techniques revealed obvious 
differences in the spectra between two groups, for example, 
increase in intensity for OP persons. Also, classifications are 
performed on all investigated group members in the vicinity of 
each of several spectral peaks. The both groups are revealed to 
have a clear heterogeneity within all investigated applicants. 
These differences in the spectra between the two groups were 
confirmed to be fairly consistent with those in T scores from 
the BMD measurements.  
 

2. Material & Method 

2.1 Blood sampling  

Blood samples were procured from Pusan National Univer-
sity Medical Hospital, Busan, South Korea. Approximately 3 
ml of venous blood was obtained from the arms of two re-
search groups consisting of 5 healthy persons and 5 patients 
suffered from osteoporosis. Blood samples are taken from 
each person at five different times with two-day intervals. In 
addition, the samples are taken exactly at 9 am to avoid unne-
cessary diurnal variation of the persons. All group members 
were males and females between the age group of 30 and 75 
years. The blood samples were freshly centrifuged for 10 min 
at 3,500 rpm in a centrifuge (KUBOTA co., JP, KUBOTA 
20101) so that the plasma was separated from the cellular 
material. The plasma was then stored at -20 oC for further 
optical measurements.  

 
2.2 Sample preparation for optical measurement  

Since ordinary glass slide exhibits strong absorption in the 
wavelength range of interest for the present FTIR measure-
ment, zinc selenide (ZnSe) crystals (3 mm-diameter thin disc) 
which is highly transparent to IR radiation in a wavelength 
range of 0.5 to 20 micron, was used for the measurements. A 
drop of 1 microliter of the plasma sample taken by a micropi-
pette (Pipetman Gilson X53095B) was placed on a certain 
area on the ZnSe crystal and air-dried for 30 min at room tem-
perature, and then examined by the FTIR microspectroscope 
(Thermo-Electron co., USA, Nicolet 380). All tubular con-
tainers of the plasma samples were well sealed to prevent 
contamination of the samples.  

The blood plasmas of the healthy and patient samples were 
diluted with DI water to 1 % by weight for the measurement 
of UV/Visible spectroscopy (Varian co., USA, Cary 5E). Two 
25 mm-long 50 mm-wide cuvettes containing the samples 
were placed in the UV/Visible spectrometer. Then spectral 

absorptivity of the sample was scanned in a range of wave-
length from 250 to 500 nm.  

 
2.3 Optical techniques  

The demineralization initiated by poor nutrition and hor-
mone changes can generate an imbalance in bone metabolism 
activities, resulting in a release of trace level concentration of 
some proteins into the blood plasma, especially at the begin-
ning of the progressing disease, as expected from the ELISA 
(Enzyme linked immune-absorbent assay) testing [8]. Also the 
optical techniques employed in this study can analyze the 
microliter of the plasma with no reagents as well as no dam-
age to the samples [10-12]. Therefore, FTIR [14-20] and 
UV/Visible spectroscopy [21] are first used to differentiate 
patients with healthy persons and further the bone density 
measurements are performed for the same groups to verify the 
results.  

 
2.3.1 Fourier Transform Infra-Red spectroscopy measure-

ment  
FTIR spectroscopy uses a Michelson interferometer and the 

signal is recorded as a function of the optical path difference 
between the fixed and the movable mirror using a beam-
splitter. This interferogram or the spectral signal is calculated 
as a function of wavelength by applying a Fourier Transform 
(FT). The advantage of this technique is the higher spectral 
resolution and a typically higher throughput in intensity [14]. 
The FTIR [14-26] has been therefore implemented to detect 
minute changes in concentration or modification of the surface 
groups of proteins in human plasma.  

The FTIR spectra are recorded in the wave number range of 
600-4000 cm-1 with a precision better than 0.1cm-1 by a FTIR 
spectrometer (Thermo-Electron co., Nicolet 380) equipped 
with a KBr beamsplitter and a DTGS (Deuterated TriGlycine 
Sulfate) detector that is highly sensitive to the mid-IR range. 
Thirty two scans are continuously performed for an individual 
sample at a resolution of 4 cm-1 and then averaged to give a 
spectrum for the sample. Such measurements are repeated five 
times for different samples taken from a person. The five 
FTIR spectra are again averaged and presented as single line. 
The baseline of each spectrum is corrected using OMNIC 
software supplied by the manufacturer. The Peak-Fit software 
program by SSPS is used for analysis of the spectrum.  

 
2.3.2 UV/Visible spectroscopy measurement  

UV/Visible spectroscopy has been routinely used in a quan-
titative determination of an unknown compound dissolved or 
suspended in a liquid, typically in terms of its concentration 
using the Beer Lambert Law. The present UV/Visible spec-
trometer (Varian co., USA, Cary 5E) employing two radiation 
sources such as deuterium and tungsten lamps covers a wide 
range of wavelength from 190 nm to 1100 nm. Once the inci-
dent light passes through the plasma sample, the transmitted 
light is passed through a spectrograph source lens, a small 
aperture which limits the size of the incoming beam and 
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prepares it for the grating, to a diode array detector.  
The solvents for these determinations are often water for 

water soluble compounds, or ethanol for organic-soluble com-

pounds. Since human blood or plasma is water soluble, the 
plasma samples in this study are 100 times diluted by mixing 
30 µl of plasma sample in 3 ml of de-ionized water. All spec-
troscopic measurements were made in the wavelength range 
of 250 to 500 nm on the double beam UV/Visible spectropho-
tometer [21]. Spectral optical densities out of 50 separate mea-
surements are averaged for a sample. The solvent effect on the 
background level is removed by subtracting the spectral densi-
ty of pure DI water.  

 
2.4 BMD measurements  

BMD measurement, as the-state-of-the-art clinical measure 
of bone integrity, are performed by BMD-DEXA to determine 
fracture risk of specific bones of the OP patients such as spine, 
hip and wrist [21]. The density of these bones is then com-
pared with the bone density value averaged over groups at a 
variety of ages, sexes and heights. The comparison is typically 
scored by two measures, the T-score and the Z-score [27] 
which are used to determine fractures risk and the stage of 
osteoporosis progress in an individual:  

 

T-Score = subject’s BMD value - mean young normal BMD value /  
  young normal BMD standard deviation 
Z-Score = subject’s BMD value - mean age-matched BMD value /  
 age-matched BMD standard deviation 

 

Hence the osteoporosis is diagnosed when the T-score is 
smaller than -2.5, representing the BMD of the potential pa-
tient lies outside the safe zone (refer to Table 1). The present 
BMD measurements are made at the total hip bones consisting 
of lumbar spine (anteroposterior, L1-L4), the femoral neck, 
trochanteric and intertrochanteric region, with dual energy X-
ray absorptiometry (DXA), consisting of lumbar spine (ante-
roposterior, L1-L4), the femoral neck, trochanteric and inter-
trochanteric region, with DXA.  
 

3. Results and discussion 

3.1 Physical parameters of the plasma samples 

The physical parameters, i.e., hydrodynamic size and pH 
are measured to ensure for the plasma samples to be in similar 
colloidal state, because the parameters are key factors deter-
mining the stability of the colloids and any change in the pa-
rameters during the optical measurement can generate tran-
sient artifacts in the results [22]. The results of the plasma 
samples were verified with the help of and Zeta Potential (Ot-
suka, co., Japan, OTSUKA ELS-8000). The sample is 50 
times diluted with DI water and the hydrodynamic size of 
proteins in the sample is then measured by the dynamic light 
scattering (DLS, Otsuka co., Japan, ELS-8000). From ten 
measurements on each sample, we verify that the plasma pro-
teins are in the range of 15 to 20 nm as seen in Fig. 1 and the 
size is kept nearly constant. The pH of the samples was also 
measured using a pH meter (Thermo Orion, 410) with the 

Table 1. T-score criteria for the diagnosis of the osteophorosis, J.A. 
Kanis et al., J. Bone Miner. Res. 9, 1137-1141 (1994). 
 

Status T-score 
Normal +2.5 to −1.0, inclusive 
Osteopenia Between −1.0 and −2.5 
Osteoporosis ≤−2.5 
Severe osteoporosis ≤−2.5 + fragility fracture 

 

 
 
Fig. 1. Hydrodynamic size distribution of blood plasma cells using 
dynamic light scattering. The left vertical axis is the number of conver-
sion distribution in units of counts while the right vertical axis is cumu-
lative distribution in %. 

 

 

 
 
Fig. 2. Trends of individual sample spectra compared with the average 
spectra (a) Healthy persons and (b) Patients. 
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typical error of 0.2 pH. The averaged pH value of the plasma 
samples was found to be 7.4. 

 
3.2 Spectral analysis 

Fig. 2 shows typical examples of the FTIR spectra for 5 
samples of healthy persons and 5 samples of patients. Single 
narrow lines in Fig. 2 correspond to the averaged spectra of 5 
individual measurements for each person, while the bold line 
represents the overall averaged result of all persons. The fig-
ure shows the good reproducibility in terms of both intensity 
and peak position of the spectrum. On the basis of the Beer-
Lambert law, absorbencies of molecules regarding the organic 
matter within the plasma help to identify the molecular groups. 
The spectra are dominated by two absorbance peaks at 1646 
and 1540 cm-1, corresponding to the amide I and amide II 
bands, respectively. While the amide I arises from C=O stret-
ching, amide II group arises from N-H bonds or C–N stret-
ching or CNH bending vibrations [1, 17]. Similarly, the ab-
sorbance at 1480 - 1432 cm-1 is mainly due to CH2

- and CH3
- 

stretching vibrations from the lipids and proteins. Existence of 
Amide III band at 1270 cm-1 which arises from coupling of C–
N stretching and N–H bending indicates existence of some 
proteins consisting of C, N and H. The bands at 900–1300 cm-

1 are assigned to C–O bending modes of saccharides (glucose, 
lactose and glycerol), the peaks at 1360–1430 cm-1 are attri-
buted to COO- of amino acids, and the peak at 1430–1480 cm-

1 is attributed to fatty acids, phospholipids and triglycerides 
[ 19-24].  

The aforementioned assignments of molecular constituents 
are consistent well with literature reports of Delerisa and Peti-
boisa [24] for the Amide I; Petibios et al. [25] for Amide II 
and secondary groups. Those are summarized in Table 2 [17, 
18, 24-26]. Even though the overall trends of the spectra are 
not varied much as seen in Fig. 2(a) and (b), the intensities of 
some peaks from the OP patient’s samples are rather discrimi-
nated from those from the normal sample in the statistical 
point of view, together with slight change in intensity.  

Analysis of the FTIR spectrum has been made for the better 
interpretation of results of constituents of plasma in a quantita-
tive manner. The intensity of the amide bands of normal 
plasma samples were about 10 % lower than those in patient’s 
sample. The amplitude of the spectra was found to be differed 
as seen in Fig. 3 and the differences in the amplitude are statis-
tically meaningful as shown in Figs. 3-6. The FTIR spectra 
obtained are analyzed for various peaks at different wave-
numbers to indicate a quantitative analysis for each peak of 
interest. The peak deconvolution is made consistently to pro-
duce quantitative analysis of the sub peaks and the fitted line 
is matched well with the experimental data.  

Fig. 4 shows that the two major peaks representing amide I 
and II groups as seen in Fig. 3 are deconvoluted by Gaussian 
profiles the fittings of which are all in good agreements with 
the experimental data lines. As a result, the two peaks are 
composed of 5 sub peaks. The peaks at 1646 cm-1 and 1540 

cm-1, attributed to the amide groups, increase in intensity for 
patients group. On the other hand, the valley between the 
peaks is supported by a new hidden peak at 1588 cm-1 which 
is clearly attributed to the amino acid group (NH2). The peak 
is lower for the patient’s plasma as compared to the healthy 
person’s plasma.  

Fig. 5(a) shows that spectral absorbencies of patient sam-
ples are always significantly higher than those of healthy sam-
ple in the wavenumber range of 1420 – 1480 cm-1. Regarding 
the pre-mentioned good repeatability of the measurements 
(see Fig. 2), the increase in intensity for patient group lies 
above uncertainty range. Similar deconvolution process is 
applied to the spectra in Fig. 5(a) after baseline correction (not 
shown here). 

As a result, Fig. 5(b) shows that the spectra for both groups 
consist of three subpeaks, among which we would note that 
the biggest difference is generated at 1456 cm-1 and also much 
higher than any changes in Fig. 4 as well. The dissimilarity of 
peak intensity at 1456 cm-1 for both groups might be consi-
dered as a new promising biomarker for the OP early diagno-
sis. 

Thus, we focus on the highest sub-peak at 1456 cm-1 which 

Table 2. Range of major components of Blood plasma. 
 

Range 
(cm-1) Major components 

1739-1732
1720-1600
1630-1560
1600-1480
1480-1430

 
1430-1360
1300-900 
1150-1000
850-750 
800-600 
750-700 

v (C=O): lipids, cholesterol esters, triglycerides 
v (C=O): (amide-I) β-sheet: proteins, turns, coils. 

δ (NH2): amino acids 
δ (N -H): (amide II) alpha-helix: proteins 

δas (CH3), δas (CH2), δas (CH2):fatty acids, phospholipids, 
triglycerides, v (COO-): amino acids 

v (C-O): saccharides, glucose, lactate, glycerol 
C-N stretch: aliphatic ammine 

N-H bending of amine salt 
Broad absorption by NH2 wag in aliphatic amines 

Aliphatic primary or secondary amides 
Fingerprint region 

v: stretching vibrations, δ: bending (scissoring) vibrations, as: asym-
metric [24]. 
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Fig. 3. Comparison of the spectra of healthy and OP patient plasma 
samples. 
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is attributed to the CH2/CH3 appearing from the vibrations of 
lipids and proteins. It is notable that the subpeak area obtained 
from the peak analysis would represent the relative concentra-
tion of the corresponding bio-molecules better than the peak 
intensity. Fig. 6 shows that the peak area from the patients is 
always two times larger than that from the healthy persons 
within the present investigated groups. The peak at 1077 cm-1 
has been more prominently seen to be increasing for all pa-
tients’ plasma in comparison to the healthy person’s sample. 
This peak is attributed to the C-N stretch, aliphatic ammine 
group, which seems to appear in blood plasma due to the dis-

rupted α helix of the collagen chain. In the deconvoluted spec-
tra, the patient’s plasma shows 0.08 count higher in intensity 
than healthy person’s plasma does as compared in Figs. 7(a) 
and (b), respectively.  

Thus, according to the analysis, the observations are very 
likely to indicate a general difference in the plasma metabo-
lites of the Osteoportic patients, especially in terms of three 
unique peaks at 1588, 1456 and 1077 cm-1. These remarkable 
changes have occurred due to the increased absorption of the 

 

1

2

3

4

5

6

0 1 2 3 4 5 6

Patient
Healthy

Pe
ak

 A
re

a 
at

 1
45

6 
cm

-1

Number of groups of persons  
 
Fig. 6. Statistical analysis of healthy and patient’s spectra for 1456 cm-1

peak. 
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Fig. 7. Identifying special peaks of the FTIR spectra of plasma normal
samples and OP patient for 1040 cm-1. 
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Fig. 4. Identifying the special peak at 1600 cm-1 using deconvolution
for healthy and patients spectra. Symbols such as circle and square
represent experimental data. 
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Fig. 5. (a) Identifying the special peak at 1456 cm-1 using deconvolu-
tion into three subpeaks and (b) Peak area of 1456 cm-1. 
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released proteins from bone. More degradation of the osteoc-
last [12] releases more amount of the bonemarkers, which are 
the degraded products of the type I collagen, according to the 
theory of bone modeling and the degradation of bone by Raisz 
(1997) [27] The collagen helices structure is generally stabi-
lized by the bonds of (CH2)2-CH2 or C-H groups, N-H and 
NH2. Hence it might be the degraded product of the collagen 
protein which appears to be higher in OP patients, due to the 
imbalance in the bone metabolism.  

The UV/Visible spectra of the healthy and patient’s plasma 
also shows good repeatability in the experimental data. For 
better comparison, averaged spectra for both groups are com-
pared in Fig. 8. Interestingly, new and unique peaks are ap-
peared at 279 nm and 414 nm only in the patient sample spec-
tra. This verifies that some molecules absorbing 414 nm light 
exist only in the patient samples.  

As discussed above, the FTIR intensity of the two peaks at 
1456 and 1033 cm-1 is higher for patient plasma as compared 
with healthy persons’ plasma. Therefore, the new appearance 
of the 414 nm and 279 nm peak seems to support again our 
previous inference about the release of the bonemarkers from 
the FTIR measurements.  

 
3.3 Cluster analysis 

Clustering is the classification of objects into different 
groups, giving the proximity, according to some defined dis-
tance measure [1, 25, 28]. A hierarchical algorithm is used to 
investigate and quantify the mutual relevance between succes-
sive clusters in terms of heterogeneity values [18]. The dis-
tance measured determines the similarity of two elements. The 
whole spectra and/or a limited range of the spectra are classi-
fied on every investigated member, so as to find the most ho-
mogeneous groups between spectra. Each group is identified 
with the smallest growth in heterogeneity, i.e. the geometric 
distance in the tree structure. The heterogeneity values be-
tween groups of spectra, proportional to their absorption dif-
ferences [18].  

Cluster analysis performed by using the SPSS software with 

standard making distance matrix and ward’s algorithm dendo-
gram. The spectra classification has been performed here in-
dependently for each population on complete spectra. The 
entire spectrum from 600 to 2000 does not completely suc-
ceed to distinguish between healthy and OP patient groups 
(some groups does not fit with the patients groups). However 
each subset region in the vicinity of the peaks gives good clas-
sification at 1637-1648, 1539-1542 cm-1 as shown in Fig. 9. 
The spectra at 1456 cm-1 is most specific for CH2/CH3 groups, 
appearing from lipids and proteins, with high heterogeneity 
between the healthy and OP patients group. The classification, 
made for 1637 to 1648 cm-1 absorption region, revealed the 
heterogeneity values highly correlated with observed amide I 
within the population. Fig. 9 (c) represents the classification 
with the spectra at 1539-1542 cm-1. This gives clear distinc-
tion between the patients and healthy groups for the amide II 
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Fig. 8. UV-visible spectroscopy results for healthy and patient are
blood plasma. 

HeterogeneityHeterogeneity (a)

 
HeterogeneityHeterogeneity (b)

 
HeterogeneityHeterogeneity (c)

 
 
Fig. 9. Cluster analysis of the IR spectra examined for healthy and
patient samples in different peak regions (a) around 1456 cm-1, (b) at
1637~1639 cm-1, (c) at 1539~1541 cm-1 (where H represents groups of
Healthy & OP represents the group of patients). 
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group. 
 

3.4 BMD analysis 

Since there have been found prominent spectral and statis-
tical differences from the optical measurements, they are con-
sidered as possible bone biomarkers. Hence it is important to 
confirm the potential patients warned by the optical detection 
with the clinical test by BMD score measurement. For this 
reason, the BMD measurements were carried out with the 
same samples for both groups. It was found that the T-scores 
of the potential patients are sufficiently low. Table 2 summa-
ries that the T-scores from the patients are almost in the range 
of osteoporosis (<-2.5) with the minimum of -3.0 and the 
maximum of -4.0 except one patient, -1.9. We tried to corre-
late our data with the T-score, leading the score to having an 
inverse relationship with the peak area. Even though the data 
in the correlation are somewhat scattered in Fig. 10, the peak 
at 1456 cm-1 is quite useful to separate the OP patients from 
the tested groups. The scatter of the data would be related to 
the feature of the BMD measurement: the BMD is a static 
measure of bone calcium content and does not reflect the cur-
rent metabolic activity of bone [27].  
 

4. Conclusions 

A novel approach based on the detection of blood plasma 
constituents with FTIR (Fourier Transform Infrared Spectros-
copy) and UV/Visible spectroscopy has been utilized. The 
results obtained are useful for reliable indication of the pres-
ence of the osteoporosis in the patients, and will assist in the 
early diagnosis of the disease. New peaks at 1646, 1540, 1588, 
1077 and 1456 cm-1 in the FTIR spectra are indicative of the 
presence of N-H stretch, CH2/CH3 and NH2 groups respec-
tively and can be used as biomarkers for the future diagnosis. 
Similarly a unique peak has been identified for 414 nm wave-
length for osteoporosis patient. The BMD T-score results 
showed the inverse relation with the optical spectra intensity 
and gave verification for potential patients. These results could 
be considered as preliminary results for further investigation. 
The interesting and consistent spectral differences between 

patient and healthy spectra may be considered as a promising 
basis for a future study including large number of samples.  
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