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Abstract. Diagnosis of primary and secondary coxarthrosis even today remains the
privilege of medical experience and is based only on patient symptoms. We propose to
use thermal analysis measurements as an objective method of diagnosing bone
pathology and the degree of disease severity. Thermal analysis can be performed on
few milligrams of bone tissue harvested by outpatient biopsy. For validation of thermal
analysis, two more expensive techniques have been used: (i) X-Ray powder
diffractometry (XRD) and (ii) scanning electron microscopy (SEM).
Key words: diagnostic methodology, measurement technique, primary and
secondary coxarthrosis, thermal analysis, X-ray powder diffraction
analysis, scanning electron microscopy analysis.

1. INTRODUCTION

Osteoarthritis is a chronic disease of joints characterized by destruction of the
joint cartilages [1]. A particular type of osteoarthritis is coxarthrosis that leads to
premature lesions or damage of hip joints. Coxarthrosis can be unilateral if only
one hip is taken into consideration or bilateral (in cases of polyarticular arthritis).
The main effect of coxarthrosis is the pain that has a slow and non-symmetric
evolution.
Coxarthrosis takes one of two forms [2]:
• Primary coxarthrosis: a progressive degenerative change in the hip joint
that occurs without any significant causative factors. This occurs most often from
the 5th decade of life.
• Secondary coxarthrosis: often affects young people and is developed as a
result of other diseases, e.g. developmental dysplasia of hip joints, Perthes disease,
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and juvenile desquamation of the femoral head or disorders of the femoral neck
bone axis. Secondary degenerative changes are developed quickly due to posttraumatic changes within the hip joint (fractures of the femoral acetabulum and
proximal femur) [2].
Presently, coxarthrosis is diagnosed by symptomatology during physical
subjective performance observations [3], followed by a radiography of the hip
joint. The radiography does not permit the diagnosis, but recognizes the presence
of a generic problem by means of a chromatic alteration in the bone image without
any specific evidence for a certain disease. Moreover, from the radiographic image
it is not possible to detect the initial stage of the disease. In this regard, now, only
biopsy of the bone could permit objective diagnosis of the disease and this requires
a surgical operation [4].
In the recent research, many efforts are devoted to obtain an objective
diagnosis [6–15]. In order to allow the objective diagnosis of primary and/or
secondary coxarthrosis without an invasive surgery, Thermal Analysis (TA)
measurement techniques [5, 25] are proposed. These measurement techniques
detect difference in the structure and composition of healthy and pathological bone
samples. Pathological bone has a different composition with respect to the healthy
one (i.e. Hydroxyapatite/Collagen ratio). Moreover, TA is a promising tool to
detect the severity of the pathology because higher disease severity implies a
higher difference in the structure of the bone. TA was successfully applied [26] to
assess the effect of the cryogenic treatment of the bone [27], to detect the hallux
valgus [28], and diagnosis of gonarthrosis. The preliminary results were presented
in [29] assessing TA applicability to the primary coxarthrosis diagnosis. In the
present research, the TA procedures are optimized to allow the detection of both
primary and secondary coxarthrosis.
The use of TA measurement techniques in the objective diagnosis of
coxarthrosis is motivated by: (i) the execution time of the test, the procedures being
further optimized to be performed in less than 20 minutes and (ii) the reduced
quantity of the sample (few milligrams) that can be extracted by the aid of a pin
[30, 31].
2. MATERIAL AND METHODS

The measurement system is composed of: a simultaneous thermal analyser
NETZSCH STA 409 controlled by PC using a serial connection. The
synchronization of the measurement [17–24] is important in order to assess the
comparability of the measurements. NETZSCH STA 409 allows evaluation, at the
same time, of: thermogravimetry (TG), differential thermogravimetry (DTG), and
differential scanning calorimetry (DSC) curves. The advantage of this
measurement instrument is that it permits to compare the three mentioned curves
by assuming the same environmental conditions.
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Although TA techniques are applied to samples in the range [22–30] mg,
bigger pieces (500 mg) are required to perform X-ray powder diffractometry
(XRD) and energy dispersive X-ray analysis (EDAX).
The optimized experimental conditions presented in TA analysis are the same
in healthy and unhealthy bones, as are reported in Table 1. This enables to design a
common protocol for the bone sample analysis without knowledge of its status.
Table 1
TA experimental conditions
Weight of sample
Flow speed
Environment

20 mg
15 mL/minute
air

Temperature step
Initial temperature
Final temperature

10 °C/minute
20 °C
800 °C

In order to verify and confirm the results of TA, two other measurement
techniques are applied:
• XRD [32] used in mineralogy and material science; XRD measurements
were carried out by CuKα radiation (λ = 0.154050 nm) using a Philips X-Ray
diffractometer 1730/10 (at 20 mA and 40 kV), with 2θ from 5 to 25 degrees.
• Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray
Analysis (EDAX) [33] used to study engineering materials, as well.
The results of these two measurement techniques allow to understand the
chemical and physical transformations caused in the bone by the disease. This
information is useful to determine the best pharmacological therapy for such kind
of diseases [34].
The samples of the human bones were obtained by means of surgical
resection from 6 patients. The results obtained from other patients are not reports
while others are under evaluation.
3. RESULTS AND DISCUSSIONS

Table 2 shows the patient identification, gender, age, and disease.
Table 2
Description of the patients providing the bone samples
Patient
0
1
2
3
4
5
6

Gender
Male
Male
Male
Male
Male
Male
Male

Age
42
65
60
72
71
73
65

Disease
Healthy
Primary coxarthrosis
Primary coxarthrosis
Primary coxarthrosis
Secondary coxarthrosis
Secondary coxarthrosis
Secondary coxarthrosis
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The selection of samples only from male patients avoids the presence of
osteoporosis disease typical of women after the menopause.

Fig. 1 – DSC, TG and DTG curves of a healthy human bone, extracted from Patient 0,
related to the weight loss.

Figure 1 reports the typical TA analysis (DSC, TG, and DTG) of a healthy
femoral bone extracted from a healthy patient (patient 0) after a fracture due to an
accident. The DSC curve shows three typical effects the first (endothermic) at low
temperature attributed at desorption of water, the second and the third one
exothermic, attributed to the decomposition and combustion of the collagen. The
weight loss connected with this peak is computed together in Table 3. Another very
small effect at high temperature is detected but not very well reported due to
desorption of the residual from the collagen combustion. All peaks are connected
with a weight loss.
3.1. ANALYSIS OF BONE SAMPLES AFFECTED BY PRIMARY COXARTHROSIS

Figure 2 shows TG curve of the bone samples versus temperature (only two
extreme and one intermediate case are reported). This figure highlights that the
mass loss of the patient 2 sample is higher than those of the other two patients. This
can be justified by a greater severity of the disease in this case.
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Fig. 2 – TG curves of the samples of bones under examination versus temperature.

In Fig. 3 the DTG curves of the same bone samples are shown. In these
curves the four peaks correspond to the temperatures where the samples lose their
weight.

Fig. 3 – Differential thermo gravimetric curve (arbitrary units) of the bone samples
affected by primary coxarthrosis versus temperature.

DTG curves confirm the presence of 3 losses. The amount of any loss, the
rate of the loss and the temperature of the peaks are function of the disease degree
(Table 3).
Figure 4 shows the DSC curves. The DSC trends highlight the weight loss of
the bone samples. The exothermic peak, at about 340 °C, corresponds to the
degradation of the protein component of the bone organic matrix. At this
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temperature all organic compounds (e.g., proteins including collagen) are degraded
to “short-chains”. At about 415 °C, there is another exothermic DSC peak, due to
the degradation of collagen. The exothermic peak at 520 °C is due to the complete
degradation of the organic matrix of the bones. This could be an intrinsic
characteristic of the disease, because in the sample of healthy bone tissue this peak
is not present (Fig. 1).

Fig. 4 – Differential scanning calorimetry curve (arbitrary units) of the bone samples
affected by primary coxarthrosis versus temperature.

Table 3 shows the main weight loss values detected by TG analysis together
with the corresponding temperatures of the DSC peaks for each of the bone
samples as compared to the results obtained with healthy bone.
Table 3
Total weight loss of bone samples related to temperatures of the DSC peaks

Bone sample
Patient 0
Patient 1
Patient 2
Patient 3

H2O

I peak
(%)

Loss Temp Loss
(%) [°C] (%)
7.56 75.1 27.14
9.47 84.4 21.35
3.00 98.0 21.29
9.07 90.8 20.96

II peak
(%)

III peak
(%)

Total loss
(%)
Temp Loss Temp Loss Temp
[°C] (%)
[°C]
(%) [°C]
337.1
/
440.0
/
/
34.70
336.9 8.70 436.2 8.15 541.9
47.67
319.2 11.56 456.9 11.56 501.6
47.41
338.1 6.89 403.9 4.28 436.4
41.20

The comparison of DTG and DSC curves and the loss of weight of the
samples, highlight that the bone of patient 2 is affected by higher pathology
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intensity. It is possible to assume that lower the temperature of the degradation, the
higher is the evolution of the disease. Indeed, at 520 °C the sample loses much
more weight, as compared to the other samples.
3.2. SECONDARY COXARTHROSIS ANALYSIS

In order to define a procedure based on TA for diagnosis of secondary
coxarthrosis, three bones samples, affected by secondary coxarthrosis in the
temperature range 20–800 °C, are analysed. These samples with weight varying in
the range 22–30 mg, are provided by: patient 4, patient 5, and patient 6.
Figure 5 shows the total weight loss curves of the bone samples under
examination. This figure highlights that the patient 4 sample has a greater weight
loss as compared to the other samples. This could be justified by a greater severity
of the disease with respect to the other samples.

Fig. 5 – Total weight loss of the bone samples affected by secondary coxarthrosis versus temperature.

Figure 6 shows the trend of the DTG curves for the same bone samples. The
analysis of this graph highlights the presence of 3–4 peaks. These peaks can be
correlated with the causes of the weight loss observed in Fig. 4.

Fig. 6 – Differential thermo-gravimetric (arbitrary units) curves of the bone samples
affected by secondary coxarthrosis versus temperature.
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In addition, Fig. 7 displays the DSC curve for the bone samples, in
correspondence to the DTG weight loss peaks. In particular, the peaks detected are
at 340 °C, 450 °C, and 520 °C. The explanation of appearance of these peaks is
similar to that resulting from analysis of bone tissue affected by primary
coxarthrosis.

Fig. 7 – Differential scanning calorimetry (arbitrary units) curve of the bone samples
affected by secondary coxarthrosis.

Table 4 shows the main weight loss values detected by DTG analysis as
compared to the results obtained for bone of patient 1.
Table 4
Total weight loss of bone samples affected by secondary coaxarthrosis
Bone sample

H2O Loss
(%)

Patient 4
Patient 5
Patient 6

3.96
10.09
6.20

Organic loss Organic loss Organic loss
I peak (%) II peak (%) III peak (%)
17.49
28.13
26.88

8.04
17.70
15.75

16.93
6.95
/

Total loss
(%)
46.42
62.87
48.83

The comparison of the DTG and DSC curves and the loss of weight of the
samples highlight that the patient 5 bone is affected by higher pathology intensity.
Indeed, at 520 °C, it loses much more weight as compared to the other samples. In
fact, the degeneration of the organic component in the bone is a collateral effect of
the disease, in which primarily is affected the cartilage, and then the cartilage
proximal bone.
Table 5 shows the temperature of the DSC peaks of the weight loss for each
bone sample. The trend of the peaks is regular for all the bone samples with the
exception of that harvested from patient 5.
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Table 5
Temperature of the DSC peaks for each bone sample
Bone
sample
Patient 0
Patient 4
Patient 5
Patient 6

Temp. H2O loss
[°C]
75.1
110.0
84.0
92.3

Temp. I peak
[°C]
337.1
332.1
327.1
365.8

Temp. II peak
[°C]
440.0
407.5
457.1
419.9

Temp. III peak
[°C]
/
481.1
529.6
462.0

The different trends of DTG and DSC for bone samples affected by primary
and secondary coxarthrosis give the conclusion that the collagen degradation by the
disease is different in the case of the two types of coxarthrosis.
3.3. X-RAY POWDER DIFFRACTION ANALYSIS

The XDR is used to verify and confirm the results of the TA in the diagnosis
of the disease.
The methodology used is based on the comparison of the XDR spectrum of
the bone samples affected by coxarthrosis with the spectrum of the healthy subject
bone.
Figure 8 shows the X-ray spectrum of a bone tissue of the patient 1. This
graph highlights that the mineral part of the human bone is composed of
hydroxyapatite (HPA) embedded in an amorphous matrix of HPA. In the spectrum,
some peaks in the range (25–40) 2θ are noticed.

Fig. 8 – X-ray spectrum of bone tissue sample harvested from the patient 1.

These peaks are similar with those foun in the X-ray spectrum of commercial
HPA (Fig. 9).

Article no. 607

M. Vasile et al.

10

Fig. 9 – X-ray spectrum of commercial hydroxyapatite.
3.4. X-RAY POWDER ANALYSIS OF BONE WITH PRIMARY COXARTHROSIS

Figure 10 shows the X-ray spectrum of the samples of bones affected by
primary coxarthrosis. By comparing Fig. 8 and Fig. 10 it is observed that the shape
of the spectra is quite similar to that of the bone of patient 1. Therefore, more
information can be provided by crystallinity of the mineral component, as
compared to the bone of the patient 1.

Fig. 10 – X-ray spectrum of the samples of bones affected by primary coxarthrosis.

Table 6 shows the results of the analysis of the average intensity value for
each bone samples that highlights the crystallinity of the mineral components. This
table emphasizes that the sample from patient 2 has an average intensity lower than
that of others samples. In fact, from TA, this sample looks to be affected by a
greater severity of the disease. The lower crystallinity can be justified as an effect
of the disease that causes the degeneration of the organic matrix. Also, a decrease
in the crystallinity of the mineral part of bone can be attributed to the ability of the
collagen to favour dissolution and re-precipitation of the hydroxyapatite (HPA).
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Table 6
Average intensity value for bone samples harvested from the patients affected
by primary coxarthrosis (cps = counts per second)
Bone sample

2θ = 26 (cps) 2θ = 32 (cps)

Average intensity
(cps)

Patient 0

122.4

228.9

176

Patient 1

128.0

128.0

128

Patient 2

52.0

119.0

86

Patient 3

56.0

204.0

130

3.5. X-RAY POWDER ANALYSIS OF BONE WITH SECONDARY COXARTHROSIS

Figure 11 shows the X-ray spectrum of the samples of bone harvested from
patients affected by secondary coxarthrosis and, as in the case of the previous
results, the comparison with Fig. 8 shows quite similar spectra, making necessary
the analysis of the crystalline mineral component.

Fig. 11 – X-ray spectrum of the samples of bones affected by secondary coxarthrosis.

Table 7 shows the average intensity value of each bone sample, highlighting
the crystallinity of the mineral components. This table emphasizes that patient 4’s
sample has an average intensity lower than the other samples. In this case, there is
not a correlation between the severity of the disease and the variation of the
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crystallinity of the bone mineral parts. In fact, from the DTG, it results that the
samples with the greater disease severity are harvested from the patient 5. Other
samples are under investigation.
Table 7
Average intensity value for bone samples affected by secondary coxarthrosis
(cps = counts per second)
Bone sample

2 θ = 26 (cps)

2 θ = 32 (cps)

Average intensity (cps)

Patient 0

122.4

228.9

176.0

Patient 4

50.0

154.0

102.0

Patient 5

110.0

159.0

135.0

Patient 6

128.0

259.0

194.0

3.6. SCANNING ELECTRON MICROSCOPY AND ENERGY DISPERSIVE ANALYSIS

Normally, a bone tissue contains minerals and trace elements such as: Sodium,
Potassium, Calcium, Magnesium, Phosphorus, Sulphur, Silicon, Aluminium,
Chlorine, and Oxygen.
The quantity of all these components has to be in well-defined range, an excess
or a deficiency leading to problems in the functionality of the bone.
Figure 12 is an image of the femur head section of the patient 1. In particular,
in this image on the right, the backscattering electrons technique is visible. The
image obtained by this technique presents brightness variations for the heavier
elements that, due to their larger size, have backscattered electrons more efficiently.

Fig. 12 – Image of a femur head section obtained by SEM with backscattered electrons (right)
and without this technique (left).
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In this image three layers characterized by different grey intensity are
highlighted. This grey scale is function of a different concentration of the elements
in the bone structure. In particular, the outside layer, which corresponds to the
periosteum, appears in grey with white inclusions. The middle layer, which
corresponds to the endosteum, has a white colour. The inner layer, which
corresponds to trabecular layer, is grey with many black inclusions.
Using the Energy Dispersive X-ray Spectroscopy (EDAX), the elements in
the three layers are detected and quantified.
3.7. EDAX ANALYSIS OF SAMPLES AFFECTED BY PRIMARY COXARTHROSIS

Table 8 shows the results of the EDAX analysis of bone samples of patients
affected by primary coxarthrosis.
Table 8
Percentages of the elements detected by EDAX from bone samples affected
by primary coxarthrosis disease
Sample

Age

Na

K

S

Si

Ca

Mg

P

O

Patient 2
Patient 1
Patient 3

60
65
72

0.10
1.20
0.52

0.00
0.15
1.91

0.26
1.14
6.13

0.31
4.80
0.08

25.16
15.26
14.07

0.06
0.13
0.00

11.97
5.70
6.60

62.13
71.61
70.69

Total

Ca/P

100
100
100

2.10
2.68
2.13

From the above results, one can be observed that the outside layer (dark part)
is essentially composed of Ca, K, and S, with the impurities of Al, Si, and P. In the
outer layer one observe aggregates formed by a greater amount of, Si, Na, and P.
The middle layer, instead, is mainly composed of Ca and P having a ratio close to
the optimal one found in HPA. The inner layer is made up of a structure consisting
of Si, Ca, and P and there are included parts composed by aggregates of pure HPA
with optimal ratio of Ca and P.
In Fig. 13 it is shown the SEM image of the inner section of the femur head
for the sample from patient 2 affected by primary coxarthrosis. The figure put in
evidence the regular morphology characterized by white filaments that represents
the HPA crystals.
For this sample and for the other samples harvested from the patients affected
by the disease, the Ca/P ratio in the inner layer is assessed. It was noted that the
Ca/P ratio decreases according to the severity of the disease, and it does not
dependent on age. Therefore, it can be used as a severity index of the disease in the
case of primary coxarthrosis, as it has been proved that bone decalcification usually
caused by aging, is more dependent on the physiological state of the body.

Article no. 607

M. Vasile et al.

14

Fig. 13 – Image of the inner section of the femur head obtained by SEM for bone
harvested from the patient 2.

As it regards the other minerals one can be noted that Si increases as the Ca/P
ratio, since it is involved in the processes of bone mineralization, so it has a higher
value in the patient 1 sample, less affected by the disease.
3.8. SECONDARY COXARTHROSIS DIAGNOSIS BY EDAX ANALYSIS

Figure 14 shows the SEM image of the inner section of the femur head for
the sample of patient 5 affected by secondary coxarthrosis. In the figure, the HPA
crystals immersed into organic matrix are visible.
The results obtained by EDAX analysis for the bone samples affected by
secondary coxarthrosis disease are shown in Table 9. The results highlight that,
unlike the results obtained with the bone samples affected by primary coxarthorsis,
in this case, the Ca/P ratio does not decrease with the severity of the disease
identified by TA procedure.
A justification can be advanced considering that this ratio is not a function of
the disease severity or of the age, but it depends on the specific layer zone used in
the analysis. Therefore, the Ca/P ratio cannot be used as severity index for
coxarthrosis in its general interpretation.
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Fig. 14 – Image of the inner section of the femur head for the patient 5 sample
affected by secondary coxarthrosis.
Table 9
Percentages of the elements detected by EDAX from bone samples affected
by secondary coxarthrosis
Sample

Age

Na

K

S

Si

Ca

Mg

P

O

Total

Ca/P

Patient 6

65

0.46

0.13

1.69

0.66

18.41

0.77

9.78

67.77

100

1.88

Patient 4

71

0.58

0.00

0.37

0.00

18.84

0.38

8.80

71.04

100

2.14

Patient 5

73

0.22

0.16

1.28

0.00

18.17

0.11

7.48

72.59

100

2.4

4. CONCLUSIONS

In this paper new measurements technique (TA) to diagnose the primary and
secondary coxarthrosis disease is proposed.
The main advantages of the proposed technique are: (i) it gives an objective
result and (ii) it can be performed in only 20 minutes, and that the small sample can
be extracted by pin [30, 31].
The experimental comparison between healthy bone samples and those
affected by primary or secondary coxarthrosis tissues shows that at 520 °C the
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bone affected by the disease loses much more weight than the healthy one.
Moreover, the higher is the disease severity, the higher the weight loss is. As a
consequence, the weight loss trend could be a promising index to evaluate the
severity of the disease.
The technique gives the confirmation that the primary and secondary
coxarthrosis are two different diseases because the trend of DTG and DSC curves
are different in the case of the two diseases. The difference between the two
diseases is not detectable by radiography.
The results obtained by the TA, are confirmed by XRD, SEM and EDAX.
These techniques permit to study the effects of the diseases on the chemical and
physical structure of the bones. This information is useful to determine the best
preventive and curative medical therapy, but cannot yet be proposed as clinical tool
to detect the primary and secondary coxarthrosis.
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