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Abstract:
Background:

The Achilles tendon is the largest and strongest tendon in the body that connects the calf
muscles to the heel bone. It helps in taking of the hell from the ground in order to support
walking and running. This tendon shows considerable differences in their dimensions among
individuals across the world populations.

Aim of the study:

The aim of the present study was to determine the morphology and morphometric dimensions
of the Achilles tendon in adult male south Indian cadavers.

Materials and methods:

The Achilles tendon specimens (n=40) were obtained from the Anatomy dissection hall at
Panimalar medical college hospital and research institute after completion of lower limb
dissection by their undergraduate medical students. The tendon length, proximal width,
middle width, distal width, proximal circumference, middle circumference and distal
circumference were measured using measuring tape. The statistical analysis was done by
using “t” test.

Results:

The study found that the mean Achilles tendon length was 9 cm. The tendon length, width,
circumference, and thickness showed no statistically significant difference between the right
and left lower limbs.

Conclusion:

The present study has described the morphometry of the Achilles tendon concerning the risk
of Achilles tendinopathy. The findings of this study can be considered during the
management of Achilles tendinopathy and preoperative planning of surgical operations of the
posterior compartment of the leg.
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Introduction:

The Achilles tendon is the strongest tendon of the human body. It is also called as Tendo-
calcaneus (TC). The tendon is mainly responsible for the plantar flexion of the ankle joint. It
is formed by the fusion of the tendons of gastrocnemius and soleus muscles. The
gastrocnemius and soleus muscles are the superficial calf muscles. The normal length of the
tendon is about 10—15 cm. The strength and flexibility of this tendon are important for
jumping, running, and walking [1]. Based on its usage this tendon is prone to rupture and
would frequently undergo degeneration and inflammation. The morphological and
morphometric variations of the TC are related to its functional requirements. Therefore,
normal morphometric measurements of TC serve as an important landmark in its
anthropometric evaluation and biomechanical characteristics.

There has been different opinion regarding morphometric changes of TC among various
ethnicity and races. Knowledge regarding the normal measurements of the TC is important
before determining any pathological variations associated with the tendon. There are many
morphological studies regarding TC using MRI and ultrasound but cadaveric studies are very
few. Due to the limited data available in this regard, the morphometric study of TC was
undertaken using adult human cadavers fixed in formalin solution. Hence the aim of the
present study was to determine the morphology and morphometric dimensions of the Achilles
tendon in adult male south Indian cadavers.

Materials and methods:

A total of 40 isolated adult limbs preserved in formalin solution in the department of anatomy
at Panimalar medical college hospital and research institute was used in this study. These
limbs belonged to male cadavers, whose age ranged between 60 to 75 yrs. Out of the 40
limbs; 20 belonged to the right side while 20 were of the left side. These limbs were carefully
dissected and cleaned to expose the tendo calcaneus. Diseased/fractured limbs, limbs with
cuts or scars and limbs belonging to female cadavers due to its adequate unavailability was
excluded from the study. Following parameters were measured for each tendon using a
measuring tape and thread. With the measuring tape the width of the tendon was measured
and using thread the circumference of the tendon was taken and finally the thread was
measured with the measuring tape (Fig 1):

1. Total length (from the musculotendinous junction of the soleus muscle till its
attachment to the posterior part of calcaneus) (Fig. A),

2. Proximal width and proximal circumference of the tendon (near its formation)
(Fig B),

3. Middle width and middle circumference of the tendon (Fig C),

4. Distal width and distal circumference of the tendon (near its insertion) were measured
and documented (Fig D).

These values were then tabulated using SPSS v 15.0 statistical package. Mann-Whitney U
test was used for comparison of the parameters between two independent groups (right and
left limb) to find whether there is statistically significant difference in the measurements
between the two groups. P value less than 0.05 was considered as statistically significant.
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Fig 1: Measurements of Achilles tendon (AT): A - Length of Achilles tendon, B - Proximal
width and circumference of Achilles tendon, C - Middle width and circumference of Achilles
tendon, D - Distal width and circumference of Achilles tendon.
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Results:

The mean values of various morphometric parameters of Achilles tendon (AT) in the right
and left limbs are shown in [Table 1].

Table 1: Comparison of measurement values of the Achilles tendon’s length, width and
circumference between the right and left lower limbs:

S.no | Parameters Right lower limb | Left lower limb | P-value | Significant
N=20 N=20

1 Length (cm) 9.22+1.42 9.01+1.38 0.61 NS
Proximal width 1.98+0.28 1.93+£0.23 0.54 NS
(cm)

3 Middle width (cm) | 1.63+0.20 1.58+0.23 0.46 NS

4 Distal width (cm) 2.2540.25 2.19+0.42 0.58 NS

5 Proximal 3.81+£0.34 3.94+0.60 0.40 NS
circumference (cm)

6 Middle 3.17+£0.41 3.33+0.47 0.25 NS
circumference (cm)

7 Distal 3.66+£0.36 3.69+0.50 0.82 NS
circumference (cm)

AT length, width and circumference showed no statistically significant differences between
the right and left side tendons. The average length of the tendon was 9 cm. The mean length
of the tendon on right side was 9.2 cm whereas on left side was 9 cm. The proximal width of
the tendon on the right side was 1.98cm and on left side 1.93, proximal circumference on
right side limb was 3.81cm and left side 3.94cm, middle width on the right side measured
1.63cm and left side 1.58cm, middle circumference on the right side was 3.17cm and left side
3.33cm, distal width from right to left ranges 2.25 to 2.19 cm and distal circumference from
right to left ranges 3.66 to 3.69 cm. No statistically significant difference was observed in
these measurements between the right and left limbs.

Discussion:

The tendo calcaneus or Achilles tendon (AT) is the thickest and strongest tendon of the body.
It is about 15cm long. It begins near the middle of the leg, but its anterior surface receives
fleshy fibers of the soleus almost up to its lower end. It is narrow and thick in the middle, and
expanded at both ends and is attached to posterior surface of calcaneum. The action of the
tendon is plantar flexion of the foot at the ankle joint [2]. The morphometric values of AT
may vary based on anatomical and ethnic considerations. Thereby the present study reports a
cadaveric morphological evaluation of AT in south Indian male population.

The length of the AT observed in the present study was 9cm which was corroborated with the
studies done by Maria Francis Y et al, Patel and Labib. Maria Francis Y et al done on 60
dissected cadaveric lower limbs and found the length of the AT as 8.91cm on right side and
8.09cm on the left side [3]. Similarly, Patel and Labib reported 9.32cm on right side and
9.39cm on the left side by dissecting out about 50 lower limbs [4].

A study done by Manju singhal et al., have dissected 108 male cadaveric lower limbs and
reported the proximal width of the tendon as 1.45c¢m, middle width as 1.23c¢m and distal
width as 2.33cm which was similar to the findings of the present study. The correlation of the
similar results reported by Maria Francis Y et al, Manju singhal et al and the present study
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could be due to the same racial group. According to them there were no statistically
significant differences in the AT length of the left and right sides, which is similar to the
findings of the current study were there was no significant difference between the left and
right sides [5].

Emmanuel Peter et al reported the proximal, middle and distal circumference of the AT
ranged from 3.4 - 4.6cm, 3.2 - 4.7cm and 4.2 - 5.8cm respectively which was nearly similar
to the findings of the present study. Moreover, the authors have reported that the
circumference of AT is greater at the origin, decreases at the middle and increases at the
insertion. These morphological changes of the AT give a knowledge to the surgeons and
clinicians that they should expect the AT’s size to be greater at the origin, decrease at the
middle, and increase at the insertion [6].

Naveen kumar et al in their study showed no statistically significant differences between the
right and left side lower limbs measurement, of the total length of AT, width and
circumference. However significant correlation was observed between proximal width and
distal widths, proximal circumference and distal circumference, proximal width and proximal
circumference and distal width and distal circumference of the tendon [7].

Various studies have been reported the significant changes in the length and thickness of AT
between dominant and non-dominant feet as well as between right and left side. Similarly,
studies have showed the changes in the morphometric measurements of AT among the
individuals who are active in sports and sedentary life style [8,9,10]. Conbolat et al found the
average width, thickness and length of the Achilles tendon in male subjects were significantly
higher than females. Tendon width and length showed no significant difference between the
right and left side. Achilles tendon measurements of subjects engaged in sportive activities
were significantly larger than those with sedentary lifestyle [11]. In another study conducted
in Brazilian population reported no significant differences between left and right-side tendons
[12].

The AT is crucial for walking, running and jumping. If the tendon is under constant and
excessive strain due to overuse or exposure to repetitive trauma, the microtears in the tendon
increases and is vulnerable to hypertrophy [13]. Hypertrophy of the AT may also occur in
cases of regular exercise. Running is also associated with physiologic hypertrophy of the
tendocalcaneus and over-weight runners could also develop tendon abnormalities [14]. Body
mass index plays an important role in the development of Achilles tendonitis as obesity is
considered as an intrinsic risk factor for Achilles tendonitis [15].

Therefore, the morphometric evaluation of AT in cadavers is a most reliable and standard
measuring tool which gives a detailed knowledge for the surgeons who operates on it.

Conclusion:

The present study reports the normal values of AT which would be very helpful to sports
medicine physicians for diagnosis and treatment of Achilles tendon overuse injuries and
pathology associated with tendinopathy.

PAGE NO: 262



KRONIKA JOURNAL(ISSN NO-0023:4923) VOLUME 25 ISSUE 7 2025

References:

1.

2.

10.

1.

12.

13.

14.

15.

Standring S, Editor. Gray’s Anatomy. 39th ed. Edinburgh: Churchill Livingstone.
2005;1535-1537.

Chaurasia BD. Human anatomy. 10th ed Vol 2 Lower limb, Abdomen and Pelvis.
CBS Publishers & Distributors. 2025; 111-112.

Maria Francis Y, Taj S, G S, et al. (December 03, 2022) Morphometric Analysis of
Achilles Tendon Structure and Its Significance: A Cadaveric Study. Cureus 14(12):
e32172.

Patel NN, Labib SA: The Achilles tendon in healthy subjects: an anthropometric and
ultrasound mapping study. J Foot Ankle Surg. 2018, 57:285-8.

Manju S, Nisha P, Deepak S: Morphometric analysis of tendoachilles tendon with its
clinical implications. IJAR. 2019, 72:6550-5.

Emmanuel Peter et al. Morphometric evaluation of human Achilles tendon: a
cadaveric study of Malawian adult male population. PAMJ Clinical Medicine.
2024;14(20).

Naveen Kumar, Ashwini P Aithal, Satheesha B Nayak, Jyothsna Patil, Abhinitha
Padavinangadi, Biswa Bina Ray. Morphometric evaluation of human tendocalcaneus:
a cadaveric study of south indian male population. Muscles, Ligaments and Tendons
Journal 2017;7 (1):62-68.

Bohm S, Mersmann F, Marzilger R, Schroll A, Arampatzis A. Asymmetry of Achilles
tendon mechanical and morphological properties between both legs. Scand J Med Sci
Sports. 2015; 25:124-132.

Egwu OA, Ogbonna CO, Salami E, Eni OE, Besong E, Onwe CC. Normal thickness
of the tendo calcaneus (TCT) in an adult Nigerian population: an imaging based
normographic study. Br J Med Med Res. 2014; 4:2100-2111.

Balius R, Alomar X, Rodas G, Miguel-Pérez M, Pedret C, Dobado MC, Blasi J,
Koulouris G. The soleus muscle: MRI, anatomic and histologic findings in cadavers
with clinical correlation of strain injury distribution. Skeletal Radiol. 2013
Apr;42(4):521-30.

Canbolat M, Ozbag D, Ozdemir Z, Demirtas G, Kafkas AS. Effects of physical
characteristics, exercise and smoking on morphometry of human achilles tendon: an
ultrasound study. Anatomy. 2016;9(3):128-34.

Cook JL, Khan KM, Kiss ZS, Coleman BD, Griffiths L. Asymptomatic hypoechoic
regions on patellar tendon ultrasound: A 4-year clinical and ultrasound follow up of
46 tendons. Scand J Med Sci Sports. 2001 Dec;11(6):321-7.

Kongsgaard M, Aagaard P, Kjaer M, Magnusson SP. Structural Achilles tendon
properties in athletes subjected to different exercise modes and in Achilles tendon
rupture patients. J Appl Physiol. 2005; 99:1965-1971.

Abate M, Oliva F, Schiavone C, Salini V. Achilles tendinopathy in amateur runners:
Role of adiposity (tendinopathies and obesity) Muscles, Ligaments and Tendons
Journal. 2012;2(1):44.

Frey C, Zamora J. The effects of obesity on orthopedic foot and ankle pathology. Foot
Ankle Int. 2007; 28:996—999.

PAGE NO: 263



