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Abstract 1 

Background: Data from biomechanical tissue sample studies of the human digestive tract are 2 

highly variable. The aim of this study was to investigate 4 factors which could modify the 3 

mechanical response of human colonic specimens placed under dynamic solicitation until 4 

tissue rupture: gender, age, shelf-life and conservation method. 5 

Methods: We performed uniaxial dynamic tests of human colonic specimens. Specimens 6 

were taken according to three different protocols: refrigerated cadavers without embalming, 7 

embalmed cadavers and fresh colonic tissue. A total of 143 specimens were subjected to 8 

tensile tests, at a speed of 1 m s-1.  9 

Findings: Young's modulus of the different conservation protocols are as follows: embalmed, 10 

3.08 +/- 1.99; fresh, 2.97 +/- 2.59; and refrigerated 3.17 +/- 2.05. The type of conservation 11 

does not modify the stiffness of the tissue (p = 0.26) but does modify the stress necessary for 12 

rupture (p < 0.001) and the strain required to obtain lesions of the outer layer and the inner 13 

layer (p < 0.001 and p < 0.05, respectively). Gender is also a factor responsible for a change 14 

in the mechanical response of the colon. The age of the subjects and the shelf-life of the 15 

bodies did not represent factors influencing the mechanical behavior of the colon (p > 0.05). 16 

Interpretation: The mechanical response of the colon tissue showed a biphasic injury 17 

process depending on gender and method of preservation. The age and shelf-life of 18 

anatomical subjects do not alter the mechanical response of the colon. 19 

 20 
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Introduction  1 

The digestive tract is injured in 3% of blunt abdominal trauma [1], which mainly occurs in 2 

high velocity road accidents. Virtual simulation including biomechanical data reproducing the 3 

conditions of trauma allows for the introduction of effective means of prevention [2].  4 

 Among the lesions of the digestive tract, the two most frequent are those concerning the 5 

small intestine and the colon, the latter accounting for 30% of all digestive tract lesions [3], 6 

[4]. Traumatic rupture of the colon can lead to serious consequences, with a high risk of 7 

complications, including peritonitis due to bowel perforation which can be lethal.  8 

 Due to their potential seriousness, these lesions have been studied in biomechanics in 9 

order to understand the mechanism of injury. These mechanisms are complex and can 10 

simultaneously involve compression, deceleration, and bursting phenomena.  11 

 Since the historical works of Yamada [5] and Fung [6], several publications have 12 

investigated the mechanical properties of the colon using tensile tests, that replicate the 13 

lesional phenomena observed in gastrointestinal-tract trauma. Egorov determined the 14 

biomechanical properties from static uniaxial traction tests in humans, and highlighted that 15 

the different layers of the bowel wall defines its mechanical strength [7]. From static uniaxial 16 

tests on pig intestinal tissue, Carniel [8] showed the anisotropic and non-linear behavior of 17 

colonic tissue.  18 

 In a previous study, we highlighted the influence of the location on the colon frame on 19 

its mechanical response under uniaxial traction, until rupture [9]. This result was also shown 20 

in Howes’ dynamic bi-axial colon stress [10]. 21 

 The data on the mechanical behavior presented in these publications show great 22 

variability. The heterogeneity of the experimental protocols can explain these differences; the 23 

mechanical properties can be modified by the type of solicitation, animal or human model, 24 

conservation method (fresh, refrigerated or embalmed), and anthropometric factors (such as 25 
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sex, age, and obesity of the subjects studied). Nevertheless, it is important to know the 1 

influence of each factor on the mechanical behavior, especially for the development of 2 

personalized digital models. 3 

 Our objective was to determine the influences of four parameters (gender, age, shelf-4 

life, and conservation method) on the mechanical behavior of the human colon under dynamic 5 

solicitation. 6 

 7 

Materials and Methods 8 

Origin of the tissue 9 

The colon samples used were generated from three different protocols. The first protocol 10 

defined the "fresh" group. Colon samples were taken from people in a state of encephalic 11 

death; sub-total colectomy was performed by a visceral surgeon at the end of a multi-organ 12 

harvest for organ transplantation. The shelf-life was of 0 days. The use of fresh tissue was 13 

incorporated as part of the protocol approved by l’Agence de la Biomédecine et 14 

l’Etablissement Français des Greffes of the Marseille university hospital.  15 

The second and third protocols used cadaveric human tissue after approval by the ethics 16 

committees of the medical schools of Nice and Marseille, with accordance to the donation of 17 

bodies for science. The shelf-life of the bodies was systematically recorded.  18 

Samples generated from the second protocol is referred to as the "embalmed" group: patients 19 

were transferred after their death to the embalming laboratory. The subjects were embalmed 20 

with Winkler’s liquid [11] then kept at 4°C until the colon was removed.  21 

The third protocol is referred as the "refrigerated" group. Patients were transferred after their 22 

death to the anatomy laboratory and then stored at 1°C without preservatives.  23 

All tests were carried out at room temperature. 24 

The study included only adult subjects whose colon showed no sign of pathology (cancer, 25 
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chronic inflammation). Colonic diverticulosis was not a cause of exclusion given its high 1 

prevalence in the adult human population. However, none of the colonic specimens harbored 2 

diverticula. 3 

 4 

Population studied 5 

Eighteen subjects (6 men and 12 women) were studied. The "fresh" protocol included one 6 

man and three women, with a mean age of 40 years (range: 20–53 years). The "embalmed" 7 

protocol consisted of one man and three women, with a mean age of 89 years (range: 82–93 8 

years) and mean shelf-life of 42 days. The "refrigerated" protocol included four men and six 9 

women, with a mean age of 86 years (range: 73–100 years) and a mean shelf-life of 19 days. 10 

 11 

Preparation of the specimens 12 

The specimens were colon segments taken from the antimesenteric side after performing a 13 

longitudinal opening with a standardized rectangular punch of the following dimensions: 25 × 14 

100 mm.  15 

For each anatomical subject, eight longitudinal specimens were taken from all segments of the 16 

colon: ascending, transverse, descending, and sigmoid colon. The samples were taken in the 17 

middle of each segment. The tests were performed on 32 fresh specimens, 32 embalmed 18 

specimens, and 80 refrigerated specimens. 19 

 20 

Experimental conditions 21 

The samples were stored between wet compresses of isotonic saline solution to prevent 22 

desiccation. The tests were conducted at room temperature within 24 h after collection. 23 

Hygrometric readings were not performed. Experimental characterization of the mechanical 24 

behavior of the colon was carried out by performing uniaxial tensile tests under a dynamic 25 



 

 6 

load of 1 m s-1. The modalities of the traction protocol and preconditioning have been detailed 1 

previously by our team [9]. 2 

 3 

 4 

Data acquisition and post-processing of results 5 

Data were not filtered. The strain-strength curves were zeroed (a 2N reset was applied) to 6 

remove a possible initial load in the set-up of the samples. Young’s modulus was calculated 7 

from the linear region during the elastic phase of the stress-strain curves. 8 

 All tests were filmed by two VITCam® digital cameras with a recording rate of 1000 9 

frames per second: a camera for the anterior surface of the sample and a second for the 10 

posterior surface (figure 1). The definition of the image was 1260 × 960. The location of the 11 

initial damage, the type of damage, the number of lacerations, and damage propagation were 12 

analyzed using the video recordings. 13 

 14 

Statistical analysis 15 

Statistics were performed using SPSS for Windows version 11.0 (SPSS Inc., Chicago, IL). 16 

Regarding film analysis, the non-parametric Mann-Whitney test and Kruskal-Wallis were 17 

performed for univariate analysis. 18 

For the statistical analysis of the mechanical behavior, the number of specimens was 19 

different depending on the subject. Therefore, to have the same number of samples per 20 

subject, we chose to create a weighting variable based on the number of test specimens per 21 

individual. 22 

To avoid any variability of the results between groups, related to a difference of 23 

distribution of the samples on the colon frame, we carried out an ANOVA test to verify that 24 

the distribution of samples by subject allowed for a statistical analysis independent of 25 

location. 26 
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To explain the influence of each of the explanatory variables, univariate analyzes 1 

(ANOVA) were performed. The significant variables were then included in multivariate 2 

analyzes by multiple linear regression. The results were considered statistically significant if 3 

the p-value was < 0.05. 4 

 5 

Results 6 

In all, 144 tests were conducted of which 143 were valid (one specimen having slipped out of 7 

the vice). The slipped specimen happened at the beginning of the experience and changes to 8 

grasping devices avoid other experimental failures. The ANOVA test shows that the data are 9 

homogeneous with respect to the location on the colon frame (> F: 0.314). 10 

 11 

Mechanical behavior according to conservation method 12 

 High-speed video analysis – For the three groups, the initial damage manifested as a 13 

partial failure of the outer layer of the specimen. The damage occurred suddenly and was 14 

always located on the serous side. Therefore, the injury process is a progressive laceration of 15 

the different layers until complete rupture.  16 

We found the central region to be the more frequent area for the appearance of the first lesion 17 

in all specimens. This is particularly pronounced in embalmed and refrigerated specimens 18 

(42% and 43% of cases) compared to fresh specimens (14%). There were one to three 19 

ruptures per specimen, with no statistically significant difference between the three groups (p 20 

= 0.87). 21 

 22 

 Mechanical behavior as a function of the conservation method – The analysis of the 23 

stress-strain curves in the three groups shows a global elastic behavior (Figure 2). Young’s 24 

modulus, as well as the strain and stress values at the point of the first damage and the rupture 25 

point, are given in Table 1. The stress and strain levels show a statistically significant 26 
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difference with respect to the points of stress, depending on the method of conservation. Only 1 

the elastic modulus of the elastic phase is not modified by the conservation method (p = 0.718 2 

- Table 2). 3 

The fresh colon tolerates large deformations, with a deformation at rupture point of 206% 4 

against 55% for the refrigerated colon and 105% for the embalmed colon. 5 

The stress at elasticity limit (first point of damage) is significantly higher for the embalmed 6 

colon than for the other two protocols (0.8 vs. 0.4 MPa, p < 0.001). 7 

The stress at the rupture point is lower for the refrigerated colon (0.7 MPa) than for the other 8 

two protocols (0.8 MPa), however this result is not statistically significant (p = 0.718). 9 

 10 

Mechanical behavior according to shelf-life 11 

High-speed video analysis – The impact of shelf-life was assessed for all specimens. The 12 

mean retention period of the bodies was of 16 days (range: 0–76 days). We formed two 13 

groups of identical size (N = 9): body conservation for more or less than 16 days. The serosal 14 

lesion was most often concentrated in the central region of the specimen. We observed a 15 

difference between specimens less than 16-days-old (51.8% of cases) and specimens over 16-16 

days-old (41.2% of cases); the specimens with the shortest shelf-life tear significantly more 17 

often in the core area than specimens with a longer shelf-life (p = 0.04). 18 

 Mechanical behavior depending on preservation duration – The behavior of colonic 19 

specimens with respect to shelf-life is presented in Figure 3. Statistical analyses of the values 20 

of stress and deformation at the points of inflexion reveal a statistically significant difference 21 

in fresh specimens, with a deformation rate at point of rupture of 138% in samples kept for 22 

less than 16 days and of 55% for those kept for more than 16 days (Table 3). Samples taken 23 

from subjects retained for more than 16 days tolerate less deformation than subjects kept for 24 

less than 16 days (p < 0.001). 25 

 26 
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The behavior of the colon according to gender  1 

High-speed video analysis – For the refrigerated protocol, male- and female-originating 2 

samples have the same number of serosal lesions (1.94 for the male and 1.91 for the female, p 3 

= 0.91). The serosal lesions are mostly concentrated in the central region of the specimens for 4 

male (48.4% of cases) samples, but this trend is reduced in female samples (42.9% of cases). 5 

This difference was not statistically significant (p = 0.97). 6 

Mechanical behavior depending on gender – The behavior of colonic specimens according to 7 

gender is presented in Figure 4. A statistically significant difference was found between men 8 

and women in the behavior of refrigerated specimens for all parameters (Table 4). Young's 9 

modulus, stress at first point of damage, and stress at rupture point are higher for the female- 10 

than male-originating samples (p = 0.002, p < 0.001, and p < 0.001, respectively). 11 

 12 

The behavior of the colon according to age  13 

High-speed video analysis – The mean age of the subjects in our study is 76-years-old. We 14 

divided the subjects into two identical groups (N = 9): more or less than 76-years-old. The 15 

cinematographic analysis of the specimens showed no statistically significant difference 16 

related to the age of the individuals (p = 0.11). 17 

 18 

Mechanical behavior depending on age – The mechanical behavior of colonic specimens 19 

according to age is presented in Figure 5. We found the difference in behavior of fresh 20 

specimens to be statistically significant, particularly at rupture, with first deformation point at 21 

66% for the oldest patients and 186% for the youngest (Table 5; p = 0.03 for the first 22 

inflexion point and p < 0.001 for the second inflexion point). 23 

 24 

 25 
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 1 

 2 

Relative influence of each factor on the mechanical response of the colon 3 

We analyzed all data acquired during this study without subgroup analysis. The parameters 4 

that could explain a change in the recorded mechanical response were analyzed for all 5 

subjects. The mean age of subjects was 76 years and the mean retention period was 16 days. 6 

Univariate analysis was performed to identify statistically significant factors. The 7 

results are shown in Table 6. 8 

A multivariate analysis was then performed using linear regression. Since this is a 9 

multiple linear regression, only the first point of inflexion was studied, the second point of 10 

inflexion being dependent on the first. The type of profile studied is female, with embalming, 11 

of less than 76-years-old, and with a shelf-life less than 16 days. The results are shown in 12 

Table 7. 13 

The type of conservation strongly modifies the mechanical response. In the linear 14 

regression, the intercept is modified by about 30% by the type of conservation for the first 15 

point of inflexion, the embalmed colon tolerating more deformation than the other types of 16 

conservation. Nevertheless, Young's modulus is not modified by the type of conservation. 17 

Young's modulus is modified by gender: men have a lower Young's modulus than 18 

women by about 30%. The gender also modifies the mechanical stress of the colon. 19 

Age significantly modifies deformation, but linear regression indicates that this change 20 

is relatively small. 21 

Shelf-life does not alter the mechanical response in our multivariate linear regression 22 

model. 23 

 24 

  25 
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Discussion 1 

This study on the human colon is a continuation of earlier works, including the studies of 2 

Yamada [5], Fung [6], Egorov [7] ,and Christensen [12]. The tests revealed a global behavior 3 

of specimens with a first linear elastic phase leading to initial damage, followed by a second 4 

phase of plastic deformation before complete rupture. Our results show that the colonic 5 

mechanical response is ductile and bilayer in dynamic longitudinal tensile loading conditions.  6 

Being a biological tissue, the mechanical behavior could be influenced by the methods 7 

of conservation [12]. Although studies show that in quasi-static tests the differences between 8 

fresh and cadaverous digestive tissue are negligible [7], no work had thus far evaluated 9 

possible differences for the human colon under dynamic stress. This protocol has 10 

demonstrated the impact of conservation methods on the mechanical response of this 11 

viscoelastic tissue; there is a significant difference in the mechanical response between fresh 12 

and preserved tissue, be it by embalming or refrigeration at 1°C. Specimens from fresh 13 

subjects require greater deformation to achieve rupture. These results are consistent with our 14 

team's previous work on the small intestine [13] and other teams that have shown that 15 

different conservation methods alter the collagen and elastin fiber structure, which further 16 

modifies the mechanical response [14],[15],[16].  17 

Several studies confirm the impact of storage temperature as a factor that modifies the 18 

mechanical response: freezing at -10°C or -20°C decreases the stress and strain levels 19 

required for rupture compared to fresh samples [16],[17],[18]. The use of other preservatives 20 

has also been studied, notably salt crystals [19] or vasilated solutions, but these did not alter 21 

mechanical response [20]. 22 

The temperature of the tests was constant at 22°C. Some authors perform their tests at 23 

body temperature (37°C). We suspect that the temperature of the tests would not change the 24 

mechanical behavior of the specimen, as long as we avoid extreme temperatures [20], [21]. 25 
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However, a study on the behavior of a collagen matrix showed a decrease of Young's 1 

modulus if the temperature of the test was increased from 23°C to 37°C [22]. 2 

 The use of fresh or non-embalmed colon should be preferred. Our sampling was always 3 

done with repeated application of saline; drying may be responsible for a change in the 4 

mechanical behavior of the tissue [20],[23],[22].  5 

 In our study, the shelf-life of refrigerated tissue did not significantly alter the 6 

mechanical response. This is in contradiction with Ocala's work [24], which showed an 7 

increase in the stiffness of the material with an increase in sample shelf-life. Nevertheless, 8 

because the experimental protocols used differ greatly, other factors (e.g., type of tests and the 9 

speed of stress) can explain this difference. 10 

 In our study, we have demonstrated that the modification of colon mechanical behavior 11 

is related to gender, particularly for Young's modulus and stress. Specimens from female 12 

subjects require greater strain for lesions. It has already been demonstrated that female gender 13 

is an independent predictor of smooth muscle cell stiffening. This pro-rigidity effect 14 

represents an important element [25], [26], but does not change with age [27]. Only one 15 

publication previously studied the influence of gender on colonic mechanical behavior, using 16 

a manometric catheter. These authors detected no significant differences [28]. Our protocol is 17 

different from that of Viebig’s [28]: we performed dynamic uniaxial tests carried out till 18 

rupture, while Viebig performed quasi-static circular measurements of the colon and rectum 19 

under physiological conditions. 20 

 Regarding the influence of age on the mechanical response of the human colon, our 21 

results show a small change in the mechanical response of samples taken from subjects aged 22 

over 76 years. Two other studies did not find an association between age and mechanical 23 

response, be it for the human vagina [29] or the human colon [19]. Nevertheless, age greater 24 

than 65 years has been described as being able to reduce tissue rupture thresholds [15][30]. 25 
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This study has several limitations, amongst which is the low number of specimens 1 

tested, particularly for the embalmed and fresh protocol-derived samples. There is a limitation 2 

due to the heterogeneity of gender population and the difference between number of 3 

specimens according to each conservation method. We did detect an inter-individual 4 

variation, but this was considered as not significant in ANOVA. It is, however, difficult to 5 

obtain a larger number of samples. Uniaxial studies do not consider the three-dimensional 6 

behavior of the digestive tract, but they do allow an accurate study of the behavior of the 7 

colonic wall. The influence of loading speed will need to be addressed in order to appreciate 8 

the differences of biomechanical behaviors between a colon in a traumatic situation (dynamic 9 

tests) and a colon in a physiological or surgical situation (quasi-static tests). Other fields of 10 

application seem to benefit from our study, such as the development of computer simulations 11 

in the study of road accidents. 12 

 13 

Conclusion 14 

We evaluated the mechanical behavior of the colon in a traumatic situation by dynamic 15 

traction tests. The dynamic study of the colon under uniaxial traction at 1 m s-1 revealed its 16 

viscoelastic behavior. There is a change in the mechanical behavior of the colon depending on 17 

gender and method of body conservation, whereas the age of the subjects and the shelf-life do 18 

not modify it. The use of fresh or non-embalmed human tissue is preferred. Static tests are 19 

now needed to complete the mechanical study of the human colon. 20 

 21 
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Figure 1: outer layer damage during an uniaxial dynamic tensile load of a human colon. 

 



 

Figure 2: Standard stress- strain curves for longitudinal specimens under dynamic solicitation depending 

on the method of preservation. The x-axis corresponds to the strain (%) and the y-axis to the stress 

(MPa). 
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Figure 3: Standard stress-strain curves for longitudinal specimens under dynamic solicitation 

depending on the duration of preservation. The x-axis corresponds to the strain (%) and the y-

axis to the stress (MPa). <16 means that the colon was taken from a subject who died less than 

sixteen days ago; > 16 means that the colon was taken from a subject who has been dead for 

more than 16 days. 
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Figure 4: stress-strain curves for longitudinal dynamic specimens depending on the gender. The 

x-axis corresponds to the strain (%) and the y-axis corresponds to the stress (MPa). 

 



 

Figure 5: stress-strain curves for longitudinal dynamic specimens depending on the age. The x-

axis corresponds to the strain (%) and the y-axis corresponds to the stress (MPa).  

 



Patient Gender Age (y) Protocol Shelf life(d) 

124-10 F 91 E 76 

129-10 M 82 E 46 

39-11 F 93 E 28 

44-11 F 91 E 17 

Average  89 +/- 5  42 +/- 26 

     

SF1 M 20 F 0 

SF2 F 38 F 0 

SF3 F 49 F 0 

SF4 F 53 F 0 

Average  40 +/- 15  - 

     

1 F 100 R 21 

2 F 84 R 2 

3 F 81 R 33 

4 M 84 R 34 

5 F 86 R 12 

6 M 88 R 25 

7 M 73 R 9 

8 M 96 R 23 

9 F 82 R 13 

10 F 89 R 16 

Average  86 +/- 8  19 +/- 10 

 

Table 1: Specimen matrix. For gender: M for male and F for female. For conservative method: F 

for « fresh », E for « embalmed » and R for « refrigerated ». 

 



Embalmed Fresh Refrigerated

Modulus of the elastic phase (MPa) 3.1 +/- 2 3 +/- 2.6 32 +/- 2.1

Strain at 1st inflexion (%) 57.3 +/- 47.5 43.3 +/- 29.8 26.7 +/- 12

Stress at 1st inflexion (MPa) 0.8 +/- 0.4 0.4 +/- 0.3 0.4 +/- 0.2

Strain at 2nd inflexion (%) 105.3 +/- 78.4 206.4 +/- 135.8 55.4 +/- 31.7

Stress at 2
nd

 inflexion (MPa) 0.9 +/- 0.4 0.8 +/- 0.4 0.7 +/- 0.3 

Table 2: Influence of method of preservation on the mechanical response of the longitudinal specimen



<16 (d) > 16 (d)

Modulus of the elastic phase (MPa) 3.1 +/- 2.2 3.1 +/- 2.2

Strain at 1st inflexion (%) 42.4 +/- 35.8 30.4 +/- 15.4

Stress at 1st inflexion (MPa) 0.5 +/- 0.3 0.5 +/- 0.4

Strain at 2nd inflexion (%) 138.1 +/- 121.2 55.4 +/- 26.4

Stress at 2
nd

 inflexion (MPa) 0.8 +/- 0.4 0.7 +/- 0.4 

Table 3: Influence of preservation duration on the mechanical response of the refrigerated specimens. <16 meanss that the colon was taken from a subject who died less than sixteen days ago; > 16 means that the colon was taken from a subject who has been dead for less than 16 days ; >16 means that the colon was taken from a subject who died more than sixteen days ago
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Table 3: Influence of preservation duration on the mechanical response of the refrigerated specimens. <16 meanss that the colon was taken from a subject who died less than sixteen days ago; > 16 means that the colon was taken from a subject who has been dead for less than 16 days ; >16 means that the colon was taken from a subject who died more than sixteen days ago



Male Female

Modulus of the elastic phase (MPa) 2.2 +/- 2 3.4 +/- 2.2

Strain at 1st inflexion (%) 38.5 +/- 24 38.3 +/- 32.9

Stress at 1st inflexion (MPa) 0.3 +/- 0.2 0.5 +/- 0.3

Strain at 2nd inflexion (%) 96.5 +/- 84 110.6 +/- 111.7

Stress at 2
nd

 inflexion (MPa) 0.5 +/- 0.2 0.9 +/- 0.4

Table 4: Influence of gender on the mechanical response of the refrigerated specimens.



<76 (y) > 76 (y)

Modulus of the elastic phase (MPa) 2.9 +/- 2.5 3.2 +/- 2

Strain at 1st inflexion (%) 41.7 +/- 28.4 36.5 +/- 32.2

Stress at 1st inflexion (MPa) 0.4 +/- 0.3 0.5 +/- 0.3

Strain at 2nd inflexion (%) 185.9 +/- 134.9 66.3 +/- 50.3

Stress at 2
nd

 inflexion (MPa) 0.8 +/- 0.4 0.8 +/- 0.4 

Table 5: Influence of preservation duration on the mechanical response of the refrigerated specimens. <76 means that the subject was under the age of 76 ; >76 means that the subject was above the age of 76.



Table 5: Influence of preservation duration on the mechanical response of the refrigerated specimens. <76 means that the subject was under the age of 76 ; >76 means that the subject was above the age of 76.



Conservative method Preservation duration Gender Age

Modulus of the elastic phase (MPa) 0.718 0.356 0.002 0.146

Strain at 1st inflexion (%) <0.001 0.148 0.822 0.03

Stress at 1st inflexion (MPa) <0.001 0.361 0.001 0.16

Strain at 2nd inflexion (%) <0.001 <0.001 0.637 <0.001

Stress at 2
nd

 inflexion (MPa) 0.0919 0.431 <0.001 0.517

Table 6: univariate analysis

Bold p-values are statistically significant and included in multivariate analysis



Intercept Preservation method: Fresh Preservation method: Refrig Gender: Male Age R²

E (N/mm2) Gender 3.4622 -1.219 0.06895

strain 1st point of inflexion (%) Preservation method +  Age 131.2044 -55.5726 -39.5253 -0.7547 0.2394

stress 1st point of inflexion (Mpa) Preservation method +  Gender 0.835 -0.38013 -0.3993 -0.11963 0.2858

Table 7: multivariate analysis - only statistically relevant regressions are presented in this table

Profile: Woman, embalmed type of conservation, <76 years, shelf life <16 days




