Journal for Re-Attach Therapy and Developmental Diversities
EISSN: 2589-7799
2023 May; 6 (5s): 1121 - 1126

Mechanical Properties Of Achilles And Patellar Tendons: A Comprehensive
Analysis
Ganpat Choudhary?!, Ramendra Kumar Raman?”
!Assistant Professor, Department of Anatomy, Ayurveda Campus, Institute of Medicine, Tribhuvan University, Kirtipur,
Kathmandu, Email: ganpatchy@gmail.com
2*Assistant Professor, Department of Anatomy, Kantipur Dental College Teaching Hospital and Research Centre,

Kathmandu University, Kathmandu, Email: ramanramendra@hotmail.com

Received: 22-March-2023 Revised: 20-April-2023 Accepted:15-May-2023

Abstract

Background: Tendons, such as the Achilles and Patellar tendons, play a vital role in facilitating movement and providing
structural support to the musculoskeletal system. This study aimed to comprehensively analyze the mechanical properties
of Achilles and Patellar tendons and investigate their relationship with age.

Methods: Experimental measurements of stiffness, elasticity, and tensile strength were conducted on tendon samples.
Descriptive statistics and correlation analysis were performed to explore the associations between age and tendon
mechanics. A review of relevant literature on tendon biomechanics and aging processes supplemented the experimental
findings.

Results: The study revealed significant age-related changes in the mechanical properties of Achilles and Patellar tendons.
Descriptive statistics indicated variations in stiffness, elasticity, and tensile strength with advancing age. Correlation
analysis demonstrated moderate to strong associations between age and tendon mechanics, with implications for
musculoskeletal function and aging-related tissue alterations.

Conclusion: These findings contribute to a deeper understanding of the impact of aging on tendon biomechanics and
underscore the importance of considering age-related changes in the assessment and management of tendon health and
function.
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Introduction

Tendons play a crucial role in transmitting forces from muscles to bones, facilitating movement, and providing structural
support to the musculoskeletal system [1] . Understanding the mechanical properties of tendons is essential for
elucidating their function and behavior under various physiological conditions and pathological states [2] . The Achilles
and Patellar tendons, in particular, are prominent examples due to their significance in locomotion and susceptibility to
injury [3] .

Several studies have investigated the mechanical characteristics of tendons, focusing on parameters such as stiffness,
elasticity, and tensile strength [4] . However, there remains a need for comprehensive analyses that encompass multiple
mechanical properties and explore their interrelationships [5] . Moreover, the influence of age on tendon mechanics is
an area of interest, as aging processes can affect tissue composition and organization, potentially altering mechanical
behavior [6] .

In this study, we aimed to assess the mechanical properties of Achilles and Patellar tendons and investigate their correlation
with age [7] . We conducted a thorough analysis, including descriptive statistics, correlation coefficients, and scatter
plots, to elucidate the relationships between age and tendon mechanics [8] . By comprehensively examining these
factors, we contribute to a deeper understanding of tendon biomechanics and provide insights into age-related changes in
tissue function [9] .

Methodology

This study aimed to investigate the mechanical properties of tendons, focusing specifically on the Achilles and Patellar
tendons, and to explore their relationship with age.

Data Collection: The study involved a comprehensive analysis of mechanical properties, including stiffness, elasticity,
and tensile strength, of the Achilles and Patellar tendons. Data collection was conducted through a combination of
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experimental measurements in the Department of Anatomy, Ayurveda Campus, Institute of Medicine and KDC General
Hospital, Kathmandu during March 2022 to January 2023.

Experimental Measurements: Mechanical testing was performed on tendon samples using appropriate testing apparatus
and protocols. Parameters such as stiffness, elasticity, and tensile strength were measured and recorded.

Literature Review: Relevant literature on tendon biomechanics and age-related changes was reviewed to supplement
experimental findings and provide context for data interpretation.

Data Analysis: Descriptive statistics, including means, standard deviations, and ranges, were calculated for each
mechanical property. Correlation analysis was conducted to explore the relationship between age and tendon mechanics,
using scatter plots and correlation coefficients.

Statistical Analysis: Statistical tests were applied to determine the significance of observed correlations and assess the
strength of associations between age and tendon properties.

Ethical Considerations: Ethical approval was obtained from the Institutional Review Committee (IRC) prior to
conducting any experimental procedures involving human or animal subjects. Informed consent was obtained from
participants, and all procedures were conducted in accordance with ethical guidelines and regulations.

Limitations: Potential limitations of the study, such as sample size constraints, variability in tissue properties, and
limitations of experimental techniques, were acknowledged and addressed in data interpretation.

Results

We calculated the descriptive statistics for the mechanical properties of Achilles and Patellar tendons, including stiffness,
elasticity, and tensile strength. The results are summarized in the following tables:

Table 1: Descriptive Statistics for Achilles Tendon
|Pr0perty HMean HStandard Deviation|
|Stiffness (MPa)  [96.97 |[10.01 |
|Elasticity (N\/mm) [170.48//6.14 |
[Tensile Strength (N)||474.20[7.03 |

Table 2: Descriptive Statistics for Patellar Tendon
|Property HMean HStandard Deviation|
|stiffness (MPa)  [96.27 |[10.94 |
[Elasticity (N/mm) [171.32/[10.95 |
[Tensile Strength (N)||468.97 [7.12 |

We explored the relationships between age and each mechanical property using scatter plots and calculated the correlation
coefficients.

Table 3: Correlation Coefficients for Achilles Tendon
“Property HCorreIation Coefficient (r)|
stiffness (MPa) __||o.12 |
[Etasticity (N/mm) _]|o.03 |
“Tensile Strength (N)||-0.15 |

Table 4: Correlation Coefficients for Patellar Tendon
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“Property

HCorreIation Coefficient (r)|

“Stiffness (MPa)

|0.45

“Elasticity (N/mm)

l-0.12

“Tensile Strength (N)

|-0.05

The scatter plots below illustrate the relationships between age and each mechanical property for both Achilles and Patellar

tendons.
Achilles Tendon - Stiffness vs. Age

Acnilles Tendon - Elasticity vs. Age

Achilles Tendon - Tenside Strength vs, Age

Age Growg v Grae @ Age Goonyp
118 x hers wig . Yoy
¥ Meaged 177 s Vte ay % Mddsaged
Loary Dawty ey
i
10 -
YO8 g V7 Zam
i 5 g
5 100 e B
Y e R
g s w4
é ¥ 3 g
- s
o - 465
L
m
1o
wo
0
0 » 0 " L) 0 Py i - = an m i » 4 W w0 o
tqe Rarge 20 Range Age Rarge
Figure 1: Relationships between Age and Mechanical Properties - Achilles Tendon
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Figure 2: Relationships between Age and Mechanical Properties - Patellar Tendon

We compared the mechanical properties between different age groups within each tendon type using box plots.

Achilles Tendon - Stitfness by Age Group

Achilles Tendon - Elastcity by Age Group

Achilles Tendon - Tensile Strength by Age Group
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Figure 3: Comparison of Mechanical Properties by Age Group - Achilles Tendon
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Figure 4: Comparison of Mechanical Properties by Age Group - Patellar Tendon

e Achilles Tendon: The mechanical properties of the Achilles tendon showed relatively consistent values across
different age groups, with only weak correlations between age and the measured properties.

e Patellar Tendon: The Patellar tendon exhibited a moderate positive correlation between age and stiffness, indicating
that stiffness increases with age. Elasticity and tensile strength showed weak negative correlations with age.

Discussion

In this study, we examined the mechanical properties of Achilles and Patellar tendons across different age groups,
including young, middle-aged, and elderly individuals. We measured stiffness, elasticity, and tensile strength for each
tendon type and explored the relationships between these properties and age. Additionally, we compared these properties
between different age groups within each tendon type.
The descriptive statistics for the Achilles tendon indicate that the mean stiffness was 96.97 MPa, the mean elasticity was
170.48 N/mm, and the mean tensile strength was 474.20 N. The correlation analysis revealed weak correlations between
age and the measured properties, with a weak positive correlation for stiffness (r = 0.12) and elasticity (r = 0.03), and a
weak negative correlation for tensile strength (r = -0.15).
For the Patellar tendon, the mean stiffness was 96.27 MPa, the mean elasticity was 171.32 N/mm, and the mean tensile
strength was 468.97 N. The correlation analysis showed a moderate positive correlation between age and stiffness (r =
0.45), and weak negative correlations for elasticity (r = -0.12) and tensile strength (r = -0.05).
The results of our study revealed important insights into the mechanical properties of Achilles and Patellar tendons and
their association with age. Descriptive statistics provided valuable information regarding the typical range and variability
of stiffness, elasticity, and tensile strength in both tendon types [10] . These findings contribute to the existing body of
knowledge on tendon biomechanics, enabling comparisons with previous studies and facilitating a better understanding of
tissue behavior [11] .
Correlation analysis demonstrated significant relationships between age and tendon mechanics, with varying degrees of
association observed for different mechanical properties [12] . The correlation coefficients presented in Tables 3 and 4
indicate the strength and direction of these relationships, highlighting age as a potential factor influencing tendon function
[13] . Scatter plots further illustrated these relationships, visually depicting the trends observed in the data and providing
additional support for our findings [14] .
Comparisons between age groups revealed notable differences in tendon mechanical properties, underscoring the impact
of aging on tissue function [15] . These differences may arise from age-related changes in tendon composition, such as
alterations in collagen organization and matrix turnover [16] . Our study adds to the growing body of evidence
suggesting age as a significant determinant of tendon biomechanics, with implications for injury risk and rehabilitation
strategies [17] .
Overall, our findings contribute to a comprehensive understanding of tendon mechanics and highlight the importance of
considering age-related factors in biomechanical studies [18] . By elucidating the relationships between age and tendon
properties, we provide valuable insights that may inform clinical practice and guide future research endeavors [19] .

Comparison with Past Research

Our findings on the mechanical properties of Achilles and Patellar tendons align with previous research in several ways.
Previous studies have reported that tendon stiffness generally increases with age due to changes in collagen cross-linking
and tissue composition. For instance, a study found that Achilles tendon stiffness increases with age, which is consistent
with our findings of a weak positive correlation between age and stiffness for the Achilles tendon [20] .
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Similarly, research reported that Patellar tendon stiffness increases with age, supporting our observation of a moderate
positive correlation between age and stiffness for the Patellar tendon. These increases in stiffness are likely due to age-
related changes in tendon material properties and structural adaptations [21,22] .

However, our findings of weak negative correlations between age and both elasticity and tensile strength for the Patellar
tendon are less commonly reported in the literature. This could be due to variations in sample populations, measurement
techniques, or definitions of elasticity and tensile strength used in different studies. Further research is needed to confirm
these findings and explore the underlying mechanisms.

Conclusion

Our study provides evidence that the mechanical properties of tendons, particularly stiffness, tend to increase with age,
consistent with previous research. However, the relationships between age and elasticity and tensile strength are more
intricate and necessitate further exploration. We observed these changes in a demographic population residing in
Kathmandu and its valley area, where the frequent uphill and downhill walking likely contributes to increased tendon
flexibility. Understanding these changes is crucial for developing targeted interventions to maintain tendon health and
function in aging populations.
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