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Abstract 
Osteoarthritis (OA), is a very common skeletal disease, characterized by the 
degeneration of the articular/hyaline cartilage and the subchondral bone. It is mostly 
caused by excessive mechanical loading on the joints, although it can also have 
biological/metabolic origins or contributions. Because cartilage is avascular it repairs 
very slowly, if at all. In the OA patients, hyaline cartilage is gradually destroyed and 
becomes eventually sufficiently thin that bony surfaces rub against each other, 
resulting in intense pain.  
 
The health of bone is clinically measured by non-invasive techniques that probe tissue 
architecture at various scales and with varying detail. Similarly, cartilage health is 
usually assessed by clinical examination and by histopathologic evaluation of excised 
specimens. The first is non-invasive but subjective while the second is time-
consuming and painful, since the tissues are obtained after surgery. 
 
In the present work, Raman Spectroscopy was employed for the study of human 
osteoarthritic femoral heads as a potentially complementary method, because it 
reports on composition and chemical environment of important tissue constituents and 
hopefully can detect disease inducing damage to articular cartilage before it becomes 
visible using current clinical imaging methods.  
 
Subchondral bone composition and quality was evaluated. Spectral differences 
between collagen type I and II can mark the boundaries between bone tissue and 
articular cartilage in the osteoarthritic femoral head.  
 
 
Introduction 
Osteoarthritis is one of the most common diseases of the elderly, with a large impact 
on the patient’s quality of life. The most prominent feature of OA is the progressive 
destruction of the articular cartilage in the joint, resulting in impaired joint motion, 
severe pain, and, ultimately, disability [1]. 
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Cartilage health is assessed by clinical examination, imaging studies and 
histopathological analyses. In the present work, Raman Spectroscopy was employed 
for the study of human osteoarthritic femoral heads as a potentially complementary 
method, because it reports on composition and chemical environment of important 
tissue constituents and hopefully can detect disease inducing damage to articular 
cartilage before it becomes visible using current clinical imaging methods.  
 
 
Materials and Methods 
Specimens 
Human femoral heads were used for the analysis. Osteoarthritis was assessed by 
clinical examination. Immediately after surgery, a thin section was removed from the 
head along a longitudinal axis by means of a diamond saw to be used for the analysis. 
A picture captured by a digital camera can be seen in figure 1. 
 
The sections were immersed in phosphate buffer saline (PBS) and kept frozen at -
20oC until use. The specimens were thawed to room temperature before collection of 
spectra and kept moist by means of dripping PBS buffer during spectra collection [2]. 
 
 

 
 
Figure 1. Longitudinal section of an osteoarthritic femoral head 
 
Raman instrumentation   
A FT-Raman system (Bruker, FRA-106/S) was employed for the study. A laser line at 
1064 nm (Nd:YAG laser) was used for excitation. The Rayleigh line was removed by 
means of a secondary filter and the scattered light was collected at an angle of 180o. 
The system was equipped with a liquid N2 cooled Ge detector (D 418). The power of 
the incident laser line was about 370 mW on the sample’s surface. Typical spectral 
line width was 0.5 cm-1 while the recorded spectra were the average of 400 scans. 
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Raman mapping 
Transverse Raman spectra of the sections were recorded (piecewise). The area studied 
was the articular cartilage and the subchondral bone. The section was aligned 
perpendicular with respect to the laser spot trajectory. Diameter of laser spot size was 
100 µm. Raman transects were acquired sequentially by moving the femoral head 
section with the motorized stage at a step-size of 50µm. [3]. Healthy (near the neck) 
and osteoarthritic (at the center of the ball) areas, as assessed by optical inspection, 
were chosen for scanning.    

 
Results and Discussion 
Raman spectra of articular cartilage and subchondral bone 
The Raman spectra of subchondral bone and articular cartilage recorded from a 
healthy area of the femoral head section can be seen in figure 2. 
 
In the spectrum of subchondral bone the primary phosphate band (ν1) at 959 cm-1 as 
well as the carbonate band at 1070 cm-1 verify the presence of the mineral. The same 
peaks are absent in the spectrum of the cartilage as it is a non-mineralized tissue.  
 
The proline bands, characteristic of collagen, at 855, 875, 920, 937 cm-1, are present 
in the two spectra at the same wavenumber. They are not characteristic of the 
secondary structure of the collagen, and, thus, no shift is expected. 
 
Significant differences between the two spectra, however, appear at the broad bands 
of amide I (1580 – 1720 cm-1) and III (1200-1300 cm-1) which represent the 
differences in the secondary structure of the two matrices. The ratio of the 1246 cm-1/ 
1271 cm-1 characteristic peaks in amide III envelope of bone is reversed in the 
spectrum of cartilage. This finding is in accordance with what has been reported by 
Dehring et. al for the murine articular cartilage [4]. Furthermore, the amide I in 
subchondral bone spectrum exhibits a primary maximum at 1657 cm-1 (α-helix) while 
a shoulder at ~1686 cm-1 (β-sheets) is evident. In the spectrum of cartilage, though, 
the primary maximum is shifted to 1665 cm-1. The intensity of the shoulder at ~1686 
cm-1 relative to the central peak is increased. 
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Figure 2. Raman spectra of subchondral bone (A) and articular cartilage (B) 
 
 
Raman spectra of healthy and osteoarthritic articular cartilage 
The Raman spectra taken from cartilage in osteoarthritic (A) and healthy (B) areas are 
quoted in figure 3. The presence of the mineral is strong in the spectrum of 
osteoarthritic cartilage probably due to embedding of cartilage into bone. Comparing 
the amide I and III spectral ranges in the two spectra, no differences can be detected 
apart from the shoulder at 1657 cm-1 for the cartilage deemed as osteoarthritic which 
can be attributed to collagen I as bone may actually be present in the spot. This is 
rational as collagen II is worn out in osteoarthritis due to extensive friction during 
movement and no structural changes are expected.   
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Figure 3. Raman spectra of articular cartilage in osteoarthritic (A) and healthy (B) 
areas 
 
Raman mapping in healthy area of the femoral head 
In figure 4 representative Raman spectra taken during mapping of healthy 
subchondral bone and cartilage can be seen. The reduction of the phosphate band is 
obvious at the transitional area from bone (mineralized tissue) to cartilage 
(unmineralized tissue). Gradual reverse in the relative intensities of the two major 
bands in amide III (1246, 1271 cm-1) as well as the evolution of a peak at 1665 cm-1 
and subsequent shift of the maximum in the amide I envelope.  
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Figure 4. Raman mapping on a healthy area of the femoral head section. A: bone, B: 
subchondral bone, C: cartilage 
 
Raman mapping in osteoarthritic area of the femoral head 
In figure 5, the respective spectra for an osteoarthritic zone are quoted. Due to 
embedding of cartilage into subchondral bone, characteristic spectral features of 
collagen II make their appearance earlier and in longer distances from cartilage/edge.  
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Figure 5. Raman mapping on a osteoarthritic area of the femoral head section. A: 
cartilage, B: subchondral bone, C: bone 
 
Conclusions 
In the present work, the dynamics and potential of Raman spectroscopy as a 
diagnostic tool for osteoarthritis was tested. Human femoral heads were used for the 
study. Chemical differences between articular cartilage and subchondral bone were 
traced on their Raman spectra. Apart from the absence of bioapatite signal in the non-
mineralized cartilage significant differences in the secondary structures of the two 
types of collagen, in cartilage (collagen II) and bone (collagen I), were detected.  
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On the other hand, cartilage did not exhibit alterations in Raman spectrum in 
osteoarthritis. Calcification and reduced layer thickness were the only remarks.   
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