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INTRODUCTION

Articular cartilage is a thin, smooth, low fric-
tion gliding surface with a remarkable resiliency
to compressive forces.1 It is only a few millimeters
thick yet with excellent wear characteristics. Its
mechanical and structural capacity is dependent
on the integrity of its extracellular matrix.2

The extracellular matrix of patellar articular
cartilage in rats shows a complex pattern micro-
scopically. The extracellular framework and two-
thirds of the dry mass of adult articular cartilage
are polymeric collagen. Type II collagen is the
principal molecular component in mammals.
Chondrocytes provide 10% or less of the total
volume of cartilage; consequently, the functional
properties of cartilage, including stiffness, dura-
bility, and distribution of load, rely on the extra-
cellular matrix.3 The proteoglycans-rich gel has a
high electrostatic charge density that gives rise to
a high osmotic swelling pressure.4

Immobilization of articular cartilage has been
studied in the past.5,6 In one research four weeks
immobilization led to necrosis of the whole carti-
lage in rabbit knee joint.7 In other researches joint
adhesions have been featured.8

Compared with the necrotic changes ob-
served on immobilization which have become an
established fact, there is disparity in reversal of
these changes on remobilization. In some studies
it was shown that almost all histological changes
were reversible on remobilization.9,10 On the other
hand remobilization period of 15 weeks did not
completely restore the glycosaminoglycan con-
tent or the biomechanical properties of the articu-
lar cartilage.11,12

The response of cartilage to injury differs from
that of other tissues because of its avascularity,
the immobility of chondrocytes, and the limited
ability of mature chondrocytes to proliferate and
alter their synthetic patterns.13-15 The combination
of lack of blood supply and a few cells distributed
widely amongst a dense extracellular matrix leads
to a limited ability to heal.15 The usual inflamma-
tory response of hemorrhage, formation of fibrin
clot, cellular production and migration of mesen-
chymal cells is absent.16

The present study was designed to observe
the inflammatory changes on immobilization
and reversibility of these changes on remobi-
lization.
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ABSTRACT

Background: Articular cartilage is a thin, smooth, low friction gliding surface with remarkable resiliency
to compressive forces. Its mechanical and structural capacity is dependent on the integrity of its extra-
cellular matrix. Effects of immobilization on articular cartilage has been studied in the past. This study was
designed to observe inflammatory changes on immobilization and their reversibility on remobilization.

Material & Methods: Ninety male rats of same age were divided into groups and immobilized, remobilized
and sacrificed at different periods. The knee joint was cut in sagittal plane and kept in 10% formalin for 48
hours. After processing 10µm sections were cut and stained with Alcian blue to demonstrate proteoglycan
content.

Results: Extensive necrotic changes were observed on 4 weeks immobilization. In four of the immobilized
animals the entire articular cartilage was eroded. On 4 weeks immobilization staining character in superficial
zone demonstrated mild staining in 76% while 24% specimens had lost staining with Alcian blue stain as
compared to control group in which 100% specimens were mildly stained. In the group remobilized for 4
weeks, there were focal necrotic areas and splitting of cells from superficial zone.

Conclusion: Immobilization leads to the development of necrosis, clefts and fissures. Remoblization for
four weeks does not reverse the changes significantly.
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MATERIAL AND METHODS

Ninety male rats belonging to Sprague
Dawley strain were procured from National Insti-
tute of Health, Islamabad and the study was car-
ried out at the animal house College of Physicians
and Surgeons Islamabad.

These animals were divided into three groups.
The right hind limbs of rats were immobilized with
plaster of Paris cast. Care was taken to cover the
knee joint completely. Animals in these groups
were immobilized, remobilized and sacrificed at
different periods as given below.

Group 1: Control group of 30 animals not immo-
bilized.

Group 2: Experimental group of 30 animals im-
mobilized for four weeks.

Group 3: Experimental group of 30 animals im-
mobilized for four weeks and then re-
mobilized for four weeks.

At the end of experimental period the rats
were anaesthetized with chloroform. The skin over
knee joint was dissected and the joint along with
patella was exposed. The knee joint was cut in
sagittal plane and kept in 10% formalin for 48 hours.
Specimen was decalcified using ethylene diamine
tetra acetic acid (EDTA).

After processing for making paraffin blocks
10µm sections were cut and stained with Alcian
blue to demonstrate proteoglycan content.

The necrotic area was measured with the help
of computer software image J.17 This is the soft-
ware introduced by the National Institute Of Health

USA for calculating area and distance of user de-
fined selections. H&E stained slides were observed
under the microscope at 40x magnification. The
zone of cartilage was focused and necrosed area
identified. Olympus digital camera E115 was used
and three photographs were taken (from the eye-
piece with the reticule fitted in it). These photo-
graphs were then transferred to computer software.
The calculated area of one division of ocular mi-
crometer at 40x magnification was fed into com-
puter software “Image J” for reference. Then the
irregular necrosed area was outlined by freehand
tool. The presence or absence of inflammatory
cells (lymphocytes, neutrophils and macrophages)
was recorded in the patella-femoral joint space
under oil immersion lens in H&E stained sections.

RESULTS

There was reduction of patello-femoral joint
space in 10 of the animals in immobilized group
as compared to control group. In a few animals
hyperextension occurred. Extensive necrotic
changes were observed on four weeks immobili-
zation. Erosion began from superficial zone and
spread towards the transitional and radial zones.
In 4 of the immobilized animals the entire articular
cartilage was eroded. (Fig. 1)

On four weeks immobilization staining char-
acter in superficial zone demonstrated mild stain-
ing in 76% of specimens while 24% specimens had
lost staining with Alcian blue stain as compared
to control group in which 100% specimens were
mildly stained. In three animals fissures and splits
were seen. Large population of inflammatory cells

Figure 1: Photomicrograph showing patellar cartilage and joint space. Arrow showing disruption along the
entire thickness of cartilage. Alcian blue stain.
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invaded the patella-femoral joint space in immo-
bilized animals. In this group, mostly neutrophils
were present within the joint space and in necrotic
area. (Table 1)

Some of the cells also invaded the necrotic
area. The necrotic area was flooded with inflamma-
tory cells. The necrotic area was 4288.7±27.59 µm2.

In 10 animals whole cartilage area was de-
generated and loss of staining in surrounding area
was noted. Significant number of inflammatory
cells mostly neutrophils were observed within the
patella-femoral joint space. (Table 2)

In the Group 3 there was reduction of pa-
tella-femoral joint space in only 3 animals but seg-
ments of split superficial zone were lodging in the
space. There were focal necrotic areas filled with
debris of fibrous tissue. There was splitting of cells
from superficial zone. One or two neutrophils were
observed within the patella-femoral joint space.
There were focal necrotic areas with average size
2905.5±52.04 µm.2 (Table 2)

DISCUSSION

The prominent features of necrosis as ob-
served in this study were lesions seen in sections
that appeared as clefts and decreased staining of
matrix in that area was seen. In some studies it
was noted on immobilization, there was a notice-
able decrease in the met achromatic staining, in-
dicative of proteoglycan loss.17 The first and the
most significant sign of immobilization degenera-
tion is a loss of staining leading to softening of
the cartilage and it has been correlated with the
loss of proteoglycans from the matrix.18 Results of
some other studies showed that casting of the knee
joints of beagle dogs for eleven weeks, caused
up to 20-48% reduction in proteoglycans concen-
tration of articular cartilage.19 The proteoglycans
were depleted mainly in the superficial zone of

articular cartilage. Clefts and fissures were large
enough and also cystic areas were observed. In
some of the other studies diffuse necrosis of
chondrocytes, with pit formation on the surface
and disruption and disintegration of the collagen
fibers, was seen to some extent in all the ani-
mals.18,19

In this study, in some areas, complete loss
of tissue was seen. There was penetration of bone.
Penetration of bone because of necrosis has been
reported in past.20 Cartilage is a focal point of at-
tack by cellular and molecular elements of the in-
flammatory response which occurs in arthritic dis-
eases.21 Neutrophils damage articular cartilage by
degrading matrix components and inhibiting their
synthesis.22 In this study, immobilization clearly
induced fissuring of the cartilage surface. In some
of the studies the fissures, have proven to benefit
the attachment of polymorphonuclear cells by cre-
ating a larger contact area thus giving better hold
for the PMNs.23,24 On remobilization there was no
regeneration. Instead there was splitting of cells
from superficial zone. Necrotic areas were still
observed in the cartilage. Penetration of the sub-
chondral bone to expose the blood vessels and
generate a blood clot within the defect is very
important regarding repair of cartilage.25 In this
experiment formation of clefts as a result of immo-
bilization exposed the bone marrow and hence
deficiency of chondroprogenitor cells was fulfilled.
Significant population of cells on both immobili-
zation and remobilization consisted of neutrophils.
The inflammatory cells eliminate the damaged tis-
sue fragments by phagocytosis, and fibroblasts
extensively and markedly elevate production of
collagen and other extra cellular matrix compo-
nents.25 It is clearly seen that remobilization alone
cannot revert the inflammatory damage done on
immobilization .Perhaps some better techniques
can help in regeneration of cartilage. Currently used
clinical methods of stimulating cartilage repair and
remodeling include alteration of the loading on
degenerated joints (primarily by using osteoto-
mies), introduction of new cartilage-forming cells
by perforation of subchondral bone, and soft-tis-
sue arthroplasty. Nevertheless, some research re-
sults are sufficiently encouraging to suggest that
repair of the degenerating articular cartilage may
be possible in the future. The treatment options
include conversion of chondral lesions to osteo-
chondral lesions, which facilitates migration of cells
from the marrow space to affect repair. In recent
years, a greater emphasis has been placed on tis-
sue engineering strategies and thus several new
treatment options have been introduced, includ-
ing the use of cell transplantation. Several tissue
sources and cell types can potentially be used for
this type of therapy.

Table 1: Staining grades in various groups.

Group mild Moderate intense faint

Group 1 100%

Group 2 76% 24%

Group 3 80% 20%

Table 2: Necrotic changes in various groups.

Group Necrotic area Cells

Group 1

Group 2 4288.7±27.59 Neutrophils

Group 3 2905.5±52.04 Neutrophils
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CONCLUSION

Immobilization leads to the development of
necrosis, clefts and fissures. Remoblization for four
weeks does not reverse the changes significantly.
A longer duration of remobilization may be re-
quired for reversibility.
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