
Supplementary Methods: 

 

Dissection  

From each meniscus, samples were taken from the mid-part (the body) of the meniscus. The tissue 

was cut into three equally wide pieces: a white-zone (inner) piece, a white/red-zone (middle) piece 

and a red-zone (outer) piece. All samples were weighed, cut into thin slices and stored at -80°C, but 

only the inner and outer pieces were used for the study. 

 

Collagen Purification 

A collagen purification procedure was used to remove GAGs to ensure that the carbon content for 

the 
14

C analysis was originating primarily from collagens in the meniscus. This was necessary 

because earlier studies from hyaline cartilage showed that GAGs have a faster turnover than 

collagen, so analyses on raw samples would not be representative of collagen turnover
9
. The sliced 

meniscus samples were weighed and then freeze-dried for a minimum of 24 hours and weighed 

again to determine the water content of the samples. From the 50 included menisci, a total of 100 

samples (50 inner pieces and 50 outer pieces) were purified. The samples were incubated in 

hyaluronidase solution (Sigma H3506) (5 units/ml in 0.05 M sodium acetate, 1.15 M NaCl, pH 6) at 

37C overnight to remove GAGs. Samples were washed with isotonic saltwater and incubated in 

Trypsin solution (Sigma T8802) (1 mg/ml in PBS) overnight at 37C to digest remaining non-

collagenous tissue. Then washed first with PBS buffer, then with KCl 0.7 M and finally washed 

three times with distilled water. Finally, the samples were freeze-dried again for further storage at -

80C. There was enough tissue in 57 of the 100 samples to store a raw part for GAG and 

hydroxyproline analysis, while this was not the case in 43 samples. 

 

Carbon 14 analysis 

The purified samples were analyzed for the level of radiocarbon (
14

C) and the stable isotopes 
13

C 

and 
15

N at the Aarhus AMS Centre (AARAMS), Aarhus University. Samples for accelerator mass 

spectrometry (AMS) were combusted with CuO in sealed combustion tubes at 950° C and 

converted to graphite prior to 
14

C analysis at the 1MV Tandetron accelerator
25

. The radiocarbon 

dating results are reported according to international convention 
26

 and 
14

C content are given as 

pMC (percent modern carbon) based on the measured 
14

C/
13

C ratio corrected for the natural isotopic 

fractionation by normalizing the result to the standard δ13
C value of –25‰ VPDB (Vienna Pee Dee 

Belemnite (δ 
13

C calibration standard)). Stable isotope values of δ13
C, δ15

N, carbon and nitrogen 
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fraction (by dry weight) and carbon/nitrogen (C/N) atomic ratios were measured at the Aarhus 

AMS Centre by continuous-flow isotope ratio mass spectrometry. 

 

Papain Digestion
24 

To analyze the GAG and hydroxyproline contents in both raw and collagen purified menisci, the 

freeze-dried samples (n=157, 100 purified + 57 raw) were digested in a solution of papain enzyme 

(Sigma P3125) and L-cystein (0.125 mg/ml papain in 100 mM sodium phosphate buffer, 10 mM 

Na2EDTA, 10 mM L-cysteine, pH 6.5) at 60C for 18 hours. The digested product was then 

vortexed and centrifuged at 10.000 g for 10 minutes to fixate any calcium precipitate. The Papain 

digest was then stored at -80C before further analyzes. 

 

GAG Assay
24 

For the analysis of GAGs in both raw and collagen purified samples, 10 l of diluted papain digest 

was mixed with 190 l of 1,9-dimethylene blue (DMB) (Sigma 341088) solution (38 μM DMB in 

40 mM NaCl, 40 mM Glycine, pH 3) and the absorbance was read at 540 nm and 595 nm. The 

reading at 595 nm was then subtracted from the reading at 540nm and the resulting values was then 

compared with a standard curve of known concentrations of chondroitin sulphate C (Sigma C4384).  

 

Hydroxyproline Assay
9,27 

The collagen content was calculated from the amount of hydroxyproline in the samples. 

50 l of Papain digested tissue was hydrolyzed with 950 l of 6 M HCl for 24 hours at 110C. The 

samples were then dried in a heating block at 95C for 24 hours, suspended in distilled water and 

again dried at 95C for 24 hours. They were suspended and diluted appropriately in acetate citrate 

buffer (0.6 % acetic acid, 130 mM citric acid, 440 mM sodium acetate, 425 mM NaOH, pH 6.0). 

150 l of diluted samples, known standards and blank acetate citrate buffer was transferred to new 

Eppendorf tubes. The samples were then incubated with 75 l Chloramine T solution (60 mM 

chloramine-T, 50% 1-propanol) for 20 minutes at room temperature to oxidize the hydroxyproline. 

Then 75 μl aldehyde perchloric acid solution (1 M 4-dimethylaminobenzaldehyde, 60% 1-propanol, 

22% perchloric acid (70–72%)) was added to make a color reaction and incubated in a water bath at 

60C for 25 minutes. The reaction was stopped in an ice bath for 2 minutes and the absorbance was 

measured at 570 nm.  

The amount of Hydroxyproline was multiplied by 8 to calculate the collagen content
27

. 
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There was an overall collagen content at 609.8 g/mg ± 55.9 g/mg in purified samples and 503.1 

g/mg ± 65.0 g/mg in raw samples. The higher collagen content after purification confirms that 

purification has taken place. 

 

Statistical analysis 

For the purified samples a comparison of water percent, GAG and collagen contents, between inner 

and outer portion of every meniscus was made first. This was done as a relative comparison 

(outer/inner) and log transformed. The log transformed data were then compared with a two-way 

repeated measures analysis of variance (ANOVA) on meniscus state (Healthy vs. OA)*meniscus 

classification (Medial vs. Lateral). 

After showing no statistical difference between inner and outer pieces regarding the collagen 

content and water percent (see Results), the mean value of the inner and outer piece of each 

meniscus was used for further analyses. A two-way repeated measures ANOVA was made on 

meniscus state (Healthy vs. OA)*meniscus classification (Medial vs. Lateral) for collagen content 

and water percent, this time on the mean of the values of inner and outer piece from the same 

meniscus. 

Regarding the GAGs a significant difference was seen between the inner and the outer piece by the 

first ANOVA analysis, and therefore the statistics were split up so that two-way ANOVA analyses 

were made on meniscus state (Healthy vs. OA)*meniscus classification (Medial vs. Lateral) 

regarding the GAGs, both for the inner pieces and the outer pieces. 

For the raw samples, not enough tissue was recovered to make a comparison between inner and 

outer piece of the meniscus because too few inner raw pieces were available. The raw samples were 

compared with a two-way repeated measures ANOVA on meniscus state (Healthy vs. 

OA)*meniscus classification (Medial vs. Lateral) for collagen- and GAG content using the data 

from the outer pieces on the meniscus.  

Differences were considered significant when p < 0.05. All statistical analyses were performed with 

SigmaPlot (version 12.5). 
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