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Abstract
Introduction: The epiphysis cartilage in the knee joint has been widely studied in recent decades due to the joint 
complexity and its clinical importance. However, there is little information about morphological and ultrastructural 
aspects of normal cartilage development of the knee joint, particularly in human fetuses of different age, which 
could contribute to a better understanding of diseases and malformations during development. Materials 
and Methods: This research was performed with 20 human fetuses covering the age range 16 to 31 weeks 
of intrauterine life, which were divided into 4 groups (n = 5). Morphometric analysis of the distal femoral 
epiphysis cartilage were realized for the parameters: chondrocytes area, percent density of chondrocyte and 
extracellular matrix (ECM), as well as qualitative analysis of the distribution, organization and characterization 
of collagen fibers making use of Picrosirius staining under analysis with polarized light. Results: It was verified 
that the chondrocytes area and density of ECM increased with advancing age, while the density of chondrocytes 
decreased. Also in the epiphyseal region, immature cartilage of younger fetuses, initially with characteristics 
of a proliferation zone starts to present, in older age fetuses, characteristics of a maturation zone, with larger 
chondrocytes and more distant from each other. In the epiphysis surface the organization and orientation of 
the collagen fibers changed in different groups, from an irregular orientation in the younger fetuses group, to 
a pantograph organization in the most developed fetuses group. Conclusion: During fetal development, the 
maturation of cartilage combines increasing ECM percent density and changes in the collagen fibers organization 
and orientation, contributing to the required cartilage properties for each stage of its development. 
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1 Introduction
The intense interest and attention given to the knee joint 

development can be seen from the perspective of the joint 
complexity and its clinical importance, for example, the growing 
search for effective therapies for cartilage repair (ARCHER, 
DOWTHWAITE and FRANCIS-WEST, 2003; ZUSCIK, 
HILTON, ZHANG  et  al., 2008) and advances in tissue 
engineering (HILLEL, TAUBE, CORNISH et al., 2009).

According to Fukazawa, Hatta, Uchio et al. (2009), the 
description and morphological study of the normal joint 
components development is required for a better understanding 
of abnormal morphology, possible defects during the structure 
development and can serve as a theoretical basis for cartilage 
repair strategies (CLUZEL, BLOND, FONTAINE et al., 2013).

In addition, the characterization of chondrocytes density 
and organization in cartilage in the context of growth and 
maturation would be a step toward understanding the role 
of such features in governing growth dynamics at the tissue 
level (JADIN, WONG, BAE et al., 2005).

The purpose of this study is to evaluate the morphological 
aspects of cartilage development in the distal femoral epiphysis of 
human fetuses, from the 16th to the 31th week of intrauterine 
life, in order to verify correlation between morphological 
changes in the distal femoral epiphysis cartilage and fetal 
development within different age groups.

2 Materials and Methods

Forming the experimental groups, it was used twenty (20) 
human fetuses aged between 16 and 31 weeks, belonging to 
the didactic collection biorepository of the Department of 
Biomedical Sciences Institute of Anatomy, University of São 

Paulo (ICB III - USP) previously fixed in 10% formalin and 
preserved in glycerin, which were divided into four (04) groups 
(n = 5), as follows: group 1 (G1): 16-19 weeks, Group 2 
(G2): 20-23 weeks, Group 3 (G3): 24-27 weeks and Group 4 
(G4): 28-31 weeks.

In all fetuses, the knee region was carefully bilaterally dissected 
and then decalcified by immersing in ethylenediaminetetraacetic 
acid (EDTA) at 7%. Serial sections of 5 micrometers thick were 
stained by hematoxylin and eosin (HE) for determining the 
chondrocytes area (μm2) and Safranin O (LUNA, 1968) to 
evaluate the density of chondrocytes and extracellular matrix 
(ECM) in the middle region of the distal femoral epiphysis. 
For  the collagen fibers evaluation, it was used picrosirius 
staining, analyzed under polarized light (JUNQUEIRA, 
BIGNOLAS and BRENTANI, 1979).

The data were evaluated in an image system (Carl Zeiss 
MicroImaging, Axioscope 40 model) and Axiocam camera, 
connected to the quantification software Axiovision Rel. 4.8 
(Zeiss).

The data were statistically compared using the Kruskal-Wallis 
test (KRUSKAL and WALLIS, 1952) between different groups.

3 Results and Discussion

The quantitative results obtained for the chondrocytes 
area, percent density of chondrocyte and ECM parameters 
presented significant difference between the groups (p < 0.05)  
and are shown in Table 1.

Comparing the age, it can be observed increasing values 
for chondrocytes area. This correlation between the fetuses 
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development and increasing chondrocytes area can also be 
verified through the frequency distribution analysis, as shown in 
the graphic of Figure 1. It can be observed that 84% of the G1 
chondrocytes and 62% of G2 chondrocytes have areas smaller 
than 80 μm2, on the other hand, 85% of the G3 chondrocytes 
and 95% of G4 chondrocytes have areas greater than 80 μm2.

According to Chen, Johnson, Haudenschild et al. (1995), 
during endochondral bone formation, chondrocytes in the 
cartilaginous tissue of long bones progress through a spatially 
and temporally regulated differentiation program before being 
replaced by bone. Regarding the size of the chondrocytes, in 
the initial stage of differentiation, chondrocytes were smaller 
compared with the following stages. In the second stage, 
called maturation, chondrocytes had intermediate size, while 
in the third stage of hypertrophy, those chondrocytes had 
grown dramatically.

The statistical results for the percent density chondrocyte 
and ECM parameters presented significant difference between 
the groups and it was clearly verified that percent density of 
chondrocytes decreases with advancing age and, on the other 
hand, the percent density of ECM increases, as shown in the 
Figure 2.

Thus, the cartilage tissue maturation during fetal development 
is related to the changes in the organization of this tissue, 
where de chondrocytes became disperse. Similar observations 
were found by Chen, Johnson, Haudenschild et al. (1995) 
and Jadin, Wong, Bae et al. (2005).

Using picrosirius staining examined under polarized light, it 
was possible to observe the features that allow the differentiation 
of each group regarding organization, orientation and 
predominant type of collagen fibers in the epiphysis surface.

Therefore, G1 has the predominance of type I thick fibers 
(stained in red, orange and yellow colors) and irregular grid 
orientation, type I fibers exhibited a transverse orientation 
pattern, arranged in a compact form in G2. The G3 fetuses 
was characterized by displaying a lot of type III fibers (stained 
in green) together with type I thin fibers forming an irregular 
aspect mesh. In older fetuses (G4), the type I thick fibers were 
predominant, organized in a pantograph mesh (Figure 3a-d). 
According to Archer, Dowthwaite and Francis-West (2003), one 
of the intriguing aspects of the development and maturation 
of articular cartilage is the collagen orientation changes from 
an essentially isotropic immature formation, generally oriented 
parallel to the articular surface, to a non-isotropic arrangement. 
Williamson, Chen, Masuda et al. (2003) has presented the 
hypothesis that the tensile biomechanical properties of the 
articular cartilage surface change during tissue development 
and these functional changes are related to changes in the 
collagen network arrangement.

At the middle region of the femoral cartilage, the prevalence 
was of type II collagen fibers (bluish or greenish) in all groups. 
The main difference was in G1, where it was detected the 

presence of type I fibers intermingled with of type II fibers 
(Figure 3e-h).

Regarding the type of collagen fiber found in the epiphysis 
surface region, Treilleux, Mallein-Gerin, Guellec et al. (1992), 
studying the location of type I, II and III collagen during the 
articular cartilage development, observed that types I and II 
collagen are present in the developing cartilage of the epiphysis, 
similarly to the findings of this research.

Table 1. Quantitative results for the chondrocytes area, percent density of chondrocyte and ECM. M+SD of chondrocytes area, 
percent density of chondrocyte and ECM for the groups G1, G2, G3 and G4.

Parameters G1 G2 G3 G4
Chondrocytes area (µm2) 60.7 ± 1.3 74.8 ± 9.0 120.0 ± 9.0 181.8 ± 63.2
Percent density of chodrocytes (%) 47.5 ± 9.2 46.7 ± 6.0 30.1 ± 4.3 25.1 ± 2.2
Percent density of ECM (%) 52.7 ± 9.2 53.2 ± 6.0 69.8 ± 4.3 74.8 ± 2.2
Statistical significance p < 0.05.

Figure 1. Frequency distribution of the chondrocytes area for 
the groups G1, G2, G3 and G4. Frequency distribution of the 
cartilage chondrocytes area. Values of G1 group concentrated 
between 0-120 μm2, G2 group concentrated between 0-160 μm2, 
G3 group concentrated between 40-240 μm2 and G4 group 
concentrated between 40-400 μm2.

Figure 2. Percent density of chondrocytes and ECM, for the 
groups G1, G2, G3 and G4. Percent density of chondrocytes and 
extracellular matrix (ECM), for the groups G1, G2, G3 and G4. 
Percent density of chondrocytes in blue color. Percent density of 
ECM in red color. Statistical significance p < 0.05.
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4 Conclusions

In the middle region of the distal femoral epiphysis cartilage, 
the chondrocytes area increased with advancing age, at the same 
time, the percent density of chondrocytes decreased and the 
percent density of ECM increased. The immature cartilage of 
younger fetuses, initially with characteristics of a proliferation 
zone, starts to present characteristics of a maturation zone 
in older age fetuses, with larger chondrocytes and more 
distant from each other. It was noted that, the cartilage tissue 
differentiation, during development of this region, is related 
to the preceding stages of endochondral ossification.

At the epiphysis surface, the collagen fibers organization 
and orientation changed in the different groups, from an 
irregular orientation in G1, for a surface parallel orientation 
in the G2 and finally for a pantograph organization in G4. 
The type I collagen was predominant in the epiphysis surface 
in all age groups, contributing to the tensile strength during 
the cartilage development period, especially in G4, where its 
fibers was thicker than in the other groups.

During fetal development, the maturation of cartilage 
combines increasing ECM percent density and changes in the 
collagen fibers organization and orientation, contributing to the 
required cartilage properties for each stage of its development, 
such as tensile strength, resistance to compression and the 
ability to distribute loads.
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