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bstract

A limited number of papers have been published before on the subject of thermal analysis of normal and degenerative human hyaline cartilage.
hey have concluded that structural manifestation of osteoarthritis appears as a remarkable change of thermal stability of hyaline cartilage samples.
he reported data on the calorimetric enthalpy changes proved to be inconsistent. Previous thermoanalytical studies used cadaver samples for the

nvestigation as normal human hyaline cartilage. All samples that were extracted for this study were obtained during live surgeries. A new protocol

ad to be established before the detailed investigation could be performed. With the rise of temperature, an endothermic reaction was observed in
ll cases. The enthalpy change of the process initiated by the temperature change showed marked difference between the normal and pathological
roups. The use of differential scanning calorimetry as part of thermal analysis was a reliable method for differentiating normal hyaline cartilage
rom degenerated samples.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Osteoarthritis (OA) is a disease characterized by degener-
tion of cartilage and its underlying bone within a joint. The
reakdown of these tissues eventually leads to pain and joint
tiffness [1]. Arthritis is one of the most prevalent chronic health
roblems. OA is second only to ischemic heart disease as a
ause of work disability in men over age 50 years [2]. The
rior notion of osteoarthritis (OA) as a “wear and tear” of the
oint has given way to views of the new paradigm of OA, con-
idering it as a heterogeneous disease with numerous factors
mechanical and molecular) leading to its pathologic hallmark
f cartilage loss [3–5]. Pathologic changes in cartilage com-
osition and molecular organization, as well as elevated water
ontent, alter the exquisite balance of biomechanical properties,

hus causing excessive joint loading. Loss of cartilage stiffness
ecreases with increasing stages of OA [6,7]. The first alteration
een within days after joint destabilization is an increase in carti-
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age water content. The increase in water content in OA cartilage
s due to loss of the collagen network’s elastic restraint, enabling
he hydrophilic polyanionic proteoglycans to swell more than
ormal. A study of laser-induced structural alterations in the
artilage matrix carried out by scanning force microscopy pro-
osed that the transition of bound to free water at 70 ◦C can
ause spatial re-organization within the cartilage matrix leading
o an irreversible alteration [8–12].

A major obstacle to understanding osteoarthritis’ (OA) nat-
ral history and its modifications by therapy has been the lack
f consensus. Pathologic features of the cartilage characteristic
or OA biologic activity and progression were not well defined.
urther, common histopathologic assessment methods (Grade)
nder both clinical and experimental conditions are very non-
inear over the range from mild to advanced phases of the disease
13–14].

There are many possible applications of thermoanalytical
echniques: characterizations of active and inactive ingredients,
outine analysis and qualitative control. Differential scanning

alorimetry (DSC) involves the heating or cooling of a sample
nd reference and the measurement of the differential heat flow.
alorimetry can be used for qualitative and quantitative analy-

es. �H can often be determined for an unknown reaction in a

mailto:gsohar@yahoo.com
dx.doi.org/10.1016/j.tca.2007.07.013
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omplex system, and the value of �H can then be used to assist
n identifying the reaction of the system. �H is the enthalpy
hange of the process initiated by the temperature change. The
hange of energy in thermal processes can be measured. Analy-
is of thermodynamic and kinetic data from calorimetry always
nvolves a model for the system, e.g. a set of chemical reactions,
inetic equations or a theoretical model for the property as a
unction of temperature, pressure or composition. Calorimetric
ata will be fitted to the model to obtain model parameters, and
hus provide a description of the system as a function of the
xperimental variables [15].

A limited number of papers have been published before
n the subject of thermal analysis of normal and degenerative
uman hyaline cartilage. Only one research group has reported
heir findings on differential scanning calorimetry studies of
steoarthritic cartilage. They have concluded that structural
anifestation of osteoarthritis appears as a remarkable change

f thermal stability of hyaline cartilage samples. The healthy
artilage samples used in these studies were of cadaver ori-
in as waste material; pathological cartilage was derived as
ntraoperative tissue fragments. The samples were washed in
terile phosphate-buffered saline and stored in complex solution
ontaining fetal bovine serum, antibiotic, antimycotic solu-
ion and amino acids. The measurements were conducted in
8 h of sample deriving. The reported data on the calorimetric
nthalpy changes proved to be inconsistent. In severely affected
steoarthritis the �H has increased almost two-fold, while in
n earlier study, enthalpy changes in the intact hyaline cartilage
as in some cases higher and in some cases lower [16–20].
The main purpose of this study was to further characterize

he altered metabolism in degenerated cartilage that promotes
isease progression. Previous thermoanalytical studies used
adaver samples for the investigation as normal human hyaline
artilage. All samples that were extracted for this study were
btained during live surgeries. A new protocol had to be estab-
ished before the detailed investigation could be performed. Most
f the known changes in the extracellular matrix in OA come
rom animal models since human samples for investigation are
ot widely available for experiment.

. Experimental

.1. Materials

Degenerative human hyaline cartilage was obtained from

8 hip and normal cartilages from 7 knees during arthroplasty
rocedures performed at the Orthopedic Department, University
f Szeged. Pathological femoral head is cut and removed as
art of these procedures. Normal cartilage was obtained from

i
b

c

able 1
hermal parameters of denaturation (mean ± S.D.) of normal and degenerated sampl

ample group Sample number �H (J/g)

ormal 7 −788.346 (83.181)
ecrotic 12 −567.083 (120.17)
rthritis 16 −543.838 (88.572)

he values in the parenthesis indicate S.D.
Acta 464 (2007) 75–77

hose cases where one knee compartment was degenerated
nd the other was normal but ligamental instability was the
ndication for total knee arthroplasty and the unaffected femoral
ondyle had to be sacrificed for the procedure. Usually, when
nly one compartment is affected and ligamental stability is
ntact unicondylar prosthesis is implanted. All tissues were
ielded in accordance to legal regulation, international ethical
oncerns and patients’ consent. After the operation, a disc
5 mm in diameter) was removed from the unhealthy and
ealthy cartilage surface. While smaller sample sizes were
lso acceptable, measurements with this diameter were more
eproducible. The sample was taken under sterile conditions,
nd subchondral bone was removed. The disc was first washed
n sterile saline, and then stored in 20 ml saline for transportation
t room temperature. Mean storage time was 6 h (min: 1 h and
ax: 26 h), 29 samples out of 35 were studied within 4 h of

reparation. Six samples were stored overnight at 5 ◦C.
Pre-operatively the diagnosis of the patient was established

n basis of the patient history, clinical signs and radiological
ndings. The state of the hyaline cartilage was determined

ntraoperatively. In order to conduct the thermoanalytical study,
5 samples were collected. Based on the patient diagnosis, 7
amples were analyzed as normal hyaline cartilage, 12 were
btained from patients with femoral head necrosis (taken from
bove the necrotic area) and 16 were collected from Grade 4
steoarthritic cartilage.

.2. Methods

The thermal properties of samples were determined by differ-
ntial scanning calorimetry (Mettler-Toledo DSC 821e appara-
us, Mettler-Toledo GmbH, Switzerland). Samples were heated
rom 0 to 80 ◦C. The heating rate was 0.3 ◦C/min. Conventional
astelloy batch vessels were used with 40 �l sample volume.
ll the DSC measurements were preceded in Ar atmosphere and

he flow rate was 100 ml/min. From the DSC curves, the decom-
osition temperature, the transition temperature range and the
otal calorimetric enthalpy change were calculated. Fisher LSD

ethod by the Statistica for Windows statistical program was
sed to compare enthalpy change in the different groups.

. Results

With the rise of temperature an endothermic reaction was
bserved in all of the cases. The enthalpy change of the process

nitiated by the temperature change showed marked difference
etween the normal and pathological groups (Table 1).

Greatest change in the enthalpy was observed in normal
artilage: −811.496 J/g (S.D. = 46.82). In the necrotic sample

es

DSC peak (◦C) Beginning (◦C) Ending (◦C)

50.18 (3.31) ≈32.5 (3.45) 57.09 (5.35)
48.93 (5.93) ≈34.16 (4.37) 53.38 (4.28)
50.340 (2.937) ≈33.8 (4.3) 54.9 (3.1)
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[17] P. Than, I. Domán, D. Lőrinczy, Thermochim. Acta 415 (2004) 83–87.
ig. 1. DSC curve of normal and degenerated human hyaline cartilage samples
the downwards deflection means endothermic effect).

510.832 J/g (S.D. = 157.66), while in cases of osteoarthritis
543.838 J/g (S.D. = 88.572) was measured. Therefore, denat-

ration caused by heating was largest in the normal human
yaline cartilage. Consequently, these samples required the
argest amount of energy for decomposition. Statistical tests
roved these calculations to be significant (Fisher LSD method,
< 0.05). Denaturation peak in normal cartilage was at 50.88 ◦C

S.D. = 2.19); in necrotic samples, it was lower at 46.577 ◦C
S.D. = 7.94), however, in osteoarthritis 50.34 ◦C (S.D. = 2.937)
as similar to the normal (Fig. 1).

. Discussion

The pathogenesis of OA progression likely revolves around
complex interplay of numerous factors. The major contribu-

ors include chondrocyte regulation of the extracellular matrix,
enetic influences, local mechanical factors and inflammation.
he use differential scanning calorimetry as part of thermal anal-
sis was a reliable method for differentiating normal hyaline
artilage from degenerated samples. The calorimeter that was
vailable for use proved to be adequate for these measurements.

The purpose of this study was not to duplicate what was
reviously reported in the literature, but to clarify the thermoan-
lytical results with acquiring normal cartilage from live surgery
as important to provide similar sample environment, and to
erform the investigation in a relatively short period of time com-
ared to the earlier reports. This way extracorpal degeneration
as minimized.
All samples showed a clear denaturation peak on the calori-

etric curve; therefore, a volume of the curve was easily
alculated giving the enthalpy change of the sample.

The promise of biomarkers has yet to be fulfilled in OA. Type
I collagen, cartilage oligomeric matrix protein, hyaluronan and
ggrecan have been some of the many biomarkers investigated.
lthough numerous clinical studies have suggested that spe-

ific or combinations of biomarkers can have predictive value

n terms of disease presence and severity, the wide variability in
hese values limits use for individual patients. The use of thermal
nalysis could be a simple and effective method for controlling
he relationship between these markers and disease progression.

[
[
[
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he revised protocol for sample taking eliminates the presence
f disturbing substances during the examination.

Further understanding of the initiating events in cartilage
estruction, the relationship between the different pathologic
nfluences, and the role of the chondrocyte in maintaining extra-
ellular matrix homeostasis will be necessary to reveal potential
argets of therapy. Clinical trials are currently underway for a
umber of potential disease modifying agents that may sig-
ificantly change the treatment approach for OA. With the
ossibility of disease-modifying OA drugs (DMOADs), the
ecessity for instruments sensitive to change in clinical trials
as become very apparent.

Finally, common histopathologic assessment methods
Grade) under both clinical and experimental conditions reflect
oorly mild phases of the disease, and are very non-linear
ver the range from mild to advanced disease. In the OARSI
OsteoArthritis Research Society International) Scoring Sys-
em grade is defined as OA depth progression into cartilage
rrespective of its horizontal extent. Stage is defined as the hori-
ontal extent of cartilage involvement within one side of a joint
ompartment irrespective of the underlying grade. Therefore, a
etailed thermal examination is needed on the same joint surface
ith samples taken from different grades of degeneration within

he same joint.
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19] D. Lőrinczy, J. Belagyi, Thermochim. Acta 296 (1997) 161.
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