
 

The influence of loading magnitude and loading rate on
collagen fibre damage
Citation for published version (APA):
Henao Murillo, L., Ito, K., & Donkelaar, van, C. C. (2014). The influence of loading magnitude and loading rate
on collagen fibre damage. Poster session presented at Mate Poster Award 2014 : 19th Annual Poster Contest.

Document status and date:
Published: 01/01/2014

Document Version:
Accepted manuscript including changes made at the peer-review stage

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023

https://research.tue.nl/en/publications/bdec490f-d31e-4ef0-ae0f-cde1b922efc4


Methods
72 cartilage plugs were harvested from 1 year old cows.
The plugs were mechanically loaded at various
magnitudes: 15 (n=18), 25 (n=18), 35 (n=18) and 45 N
(n=18); and loading rates: 5, 60 and 120 mm/min.
Immediately after loading, cartilage was processed and
stained with col2-3/4m antibody for collagen damage. This
damage was graded by four observers, and the inter- and
intra- observer reliability was evaluated (=0.69 and  =0.9,
respectively).

Figure 1. Method overview. Strains at the blue and red points were  evaluated to monitor tissue softening 
(see Fig. 3).

Results
Collagen and structural damage was found in most of the
samples, and increased with increasing loading magnitude
and loading rate.

Background
Articular cartilage is a thin, smooth and bright layer that
covers and protects joints. Cartilage allows joints to
withstand several times the corporal weight. When cartilage
degeneration starts it normally progresses into
osteoarthritis (OA). The detection of the very first moment
at which cartilage degeneration is starting could be very
useful for physicians to apply early treatments, allowing
cartilage to regenerate by itself. However, predicting
whether damage would progress into OA, requires the
understanding of the mechanical and biological
mechanisms by which cartilage is getting damaged. The
aim of this study was to assess how loading magnitude
and/or loading rate are related to the amount of damage in
collagen type II fibres.
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Conclusion
Both loading magnitude and loading rate play an important
role in the production of cartilage damage. Interestingly, the
development of fissures and clefts depends more on
loading magnitude, while collagen damage depends more
on loading rate.
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Figure 2. Digitized images of cartilage after col 2-3/4m staining. Brown color indicates collagen fibre damage 
induced mechanically. The red arrows show structural damage at the surface in (b) and (g) or clefts in (d). 

The black arrows show collagen fibre damage areas in (d) and (f-l). All images were digitized at 5x 
magnification, except by (e) (f) 2.5x and (d) (i) 10x.

Figure 3. Average strain calculated at 5th cycle of loading for each loading magnitude applied. (a) Loading rate 5 
mm/min. (b) Loading rate 60 mm/min. (c) Loading rate 120 mm/min (see Fig. 1).

Figure 4. Degree of total damage based on validated scoring system of histological  data (see Fig. 2). *p<0.05
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Specimen
72 bovine
osteochondral plugs
from metacarpal,
proximal epiphysis

Histology
•Cryo-sectioning
•Col 2-3/4m staining
•Microscopy

Mechanical overloading: creep


