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Introduction 
Only little is known about the interface 
between the meniscal horns and their adjacent 
attachments. Therefore, the aim of this study 
was to mechanically characterize this interface 
during tensile loading. Due to the superficial 
surface differences between the two structures 
it was hypothesized that the transition line is 
the structure most likely to fail during tensile 
tests. 
 

Methods 
Two dumbbell shaped samples, orientated 
parallel to the main fibre direction at the 
anterior (AH) and posterior horns (PH) were 
obtained from the lateral and medial menisci of 
six human donor knees (67.5 ± 19.5yrs; ntotal = 
96; Fig.1A). To gain further insight the 
samples were divided into a central (C) and a 
tibial (T) layer with a thickness of 1 mm 
(Fig.1B). 
 

 
Figure 1: (A) Dumbbell shaped samples, obtained from 
the interface (dashed line) between the meniscal horns 
and the adjacent attachments of a lateral meniscus using 
a customized punch. (B) The samples were further 
divided into a tibial (T) and a central (C) layer with a 
thickness of approximately 1mm. 
 

After clamping the specimens were 
preconditioned using a stress relaxation test (ε 
= 10%; trelax = 10 min) subsequently followed 
by a tensile test to failure. Thus, the tensile 
properties (Fmax, εmax, Elin) could be 
determined from the stress-strain and force 
elongation curves, respectively. Elin was 
determined between ε1 = 10% and ε2 = 15%. 
During testing the specimens were kept moist. 
Normally distributed data were statistically 
analysed using two-factor ANOVAs with post-
hoc LSD testing (SPSS). p≤0.05 was 
considered statistically significant. 
 

Results 
Compared to the central layer Fmax of the tibial 
layer samples was statistically higher (Table 1;  
 
 

p<0.01). εmax of AHM was significantly higher 
(p<0.02) than those of the other interfaces. Elin 
of the tibial layer samples were statistically 
higher (p<0.05) than Elin of the central layer 
samples.  

 
  Fmax [N] εmax [%] Elin [MPa] 

AHL C 18.0 ± 9.5 26.3 ± 12.0 55.9 ± 39.3 
T 22.2 ± 13.2 22.2 ± 5.6 92.7 ± 74.8 

AHM C 16.6 ± 7.4 32.6 ± 11.6 59.4 ± 30.1 
T 35.2 ± 23.4 30.5 ± 11.0 92.5 ± 72.5 

PHL C 9.7 ± 4.2 22.5 ± 7.6 49.5 ± 24.7 
T 20.6 ± 15.6 23.5 ± 10.2 67.7 ± 37.3 

PHM C 18.0 ± 8.3 22.3 ± 6.8 74.0 ± 40.0 
T 26.3 ± 15.2 21.2 ± 7.2 107.4 ± 77.3 

 

Table 1: Maximum force (Fmax) in N, maximum strain 
(εmax) in %, and linear modulus (Elin) in MPa of the 
intersection of the anterior (AHL, AHM) and posterior 
(PHL, PHM) horn and their adjacent attachments (mean 
values ± SD; n=12). 
 

90% of the samples ruptured at the region of 
the interface area. 
 

Discussion 
This study investigated the tensile properties of 
the meniscus – attachment interface for the 
first time. Most of the tested samples ruptured 
at the transition line, thus, confirming our 
hypothesis. Mean Elin (80 MPa) of the 
interface area was between those of 
circumferential samples of human menisci (68 
MPa; LeRoux 2002) and human meniscal 
attachments (130 MPa; Hauch 2010). The 
findings of the present study might have 
implications for the development of finite 
element models of the meniscus and its 
integrity in the human knee joint. In addition 
the results could be used for the development 
of new meniscal substitutes and might 
contribute to a better understanding of the 
origin of a meniscal root tear, and maybe 
finally enhancing the surgical treatment of this 
injury (Lerer, 2004). The new data, obtained 
from this study might be further enhanced by a 
histologically study possibly enabling a 
correlation between the morphology and the 
presented biomechanical data. 
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