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Background: Tendocalcaneus is a strong tendon that is vital for bipedalism in
humans. Despite its tremendous strength, the tendocalcaneus is prone to damage
and degeneration causing mobility problems and pain. Morphometric dimension
of the tendocalcaneus is of benefit to the surgical repair and reconstruction of the
damaged tendon. Cadaveric approach provides a realistic method for determining
tendocalcaneus morphometry and as at present only two cadaveric studies on
Indian population is available. Thus this study presents data on tendocalcaneus
morphometry in South Africans of European ancestry using a cadaveric approach.
Materials and methods: A total of 66 lower limbs (32 left and 34 right legs)
sourced from 49 male and female cadavers were used. After careful dissection
of the posterior aspect of leg, the medial and lateral length, distal width, distal
circumference and proximal width of the tendocalcaneus were measured.
Results: The data showed a high degree of reproducibility indicating that the
measurements obtained using cadaveric approach were precise and accurate.
There was no difference in measurements between the sides. Measurements in
the males were generally higher than in the females. Strong associations were
observed between the paired measurements of the medial and lateral tendon
length and between the distal width and distal circumference.

Conclusions: The data obtained will be useful in predicting tendocalcaneus size
during the surgical reconstruction of the tendocalcaneus. (Folia Morphol 2021;
80, 1: 196-203)

Key words: cadavers, European ancestry, Achilles morphometry, tendon,
South African

INTRODUCTION

Tendocalcaneus (TC) is a strong, whitish and poorly
vascularized tendon in the posterior compartment of the
leg where it serves as the insertion, via a conjoint ten-
don, for the gastrocnemius and soleus and sometimes
the plantaris [9, 10, 33]. The conjoint tendon inserts to
the supero-posterior aspect of the calcaneal tuberosity
[31]. With this arrangement, the calf muscles are able
to plantarflex the foot at the ankle joint thus make the

TC vital for bipedalism in humans [31]. In addition, the
TC transmits force from the muscle to the foot bones
during walking and as such it endures a significant
strain and stress which may explain the reason for its
high mechanical strength and flexibility [40, 43, 44].
Mechanical strength is also reinforced by the tightly
packed bundles of collagen fibres in the tendon [13, 25].

The TC is one of the most commonly injured ten-
dons in humans [14, 22, 29, 32, 45]. The most com-
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mon site of rupture is 2—-6 cm from its insertion point
due to the small cross sectional area (CSA) at this re-
gion, its large eccentric loads and reduced vascularity
[9, 38]. TC rupture is due to a sudden or aggressive
dorsiflexion of a plantar-flexed foot which then causes
the sudden displacement of the weight-bearing foot
with the knee in extension [14]. Most TC injuries are
related to sport [14, 15, 21] or could be as a result
of overuse or age-related stiffness that reduces the
ability of an individual to withstand stress [39, 48].
Similarly, spontaneous TC rupture has been reported
in dialysis and renal transplant patients [42]. Although
the exact cause remains controversial however calcium
phosphate build-up and the use of steroid treatment
in renal failure often cause weakening of tendons
[5, 28, 42]. Interestingly, there is reduced injury inci-
dence in older individuals unless the tendon is sub-
jected to sudden rapid contractions which can then
cause the tendon to tear [14, 27, 43]. Age-related
reduction in collagen content also makes the tendon
more prone to repetitive tears due to a decrease in the
mechanical strength of the tendon [35]. Whereas in
athletes or physically active individuals, the constant
use of the tendon predisposes them to higher risk of
injury than in less active individuals [37, 39] because
the mechanical properties are dependent on the ex-
tent of mechanical strain put on each of the limbs i.e.
a case of loading versus strength of the tendon [2].
The propensity of TC to damage and the subse-
guent surgical repair or management makes it crucial
to understand its morphometry in different population
groups. Only two studies are available on the mor-
phometry of TC using a cadaveric approach and both
studies utilized cadavers of Indian population [19,
41]. Data that closely match the TC dimensions in the
living in different population groups will be of benefit
to surgical repair and management of tendinopathy.
The present study assessed the TC morphometry of
South Africans of European ancestry using a cadaver-
ic approach. Cadavers were utilised as they provide
a realistic measurement and a better morphological
description in a three-dimensional [19, 34] compared
to a highly-subjective two-dimensional ultrasound
scans [47]. According to Thoirs and Childs [47], image
acquisition using ultrasound is identified as the major
contributor to measurement errors of the TC. These
errors are due to variations in equipment, positioning
of the subject and stabilisation of the lower limb,
non-standardized transducer pressure, transducer
orientation and equipment settings [46, 47].
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Table 1. Demographics of cadavers and distribution of lower
limbs

Sex Age Side
Mean SD Left Right Total
Female 76.9 1.2 17 18 35
Male 74.6 1.3 15 16 31
32 34 66

SD — standard deviation

MATERIALS AND METHODS

Sample population

Atotal of 34 right (18 female and 16 male) and 32
left (17 female and 15 male) lower limbs from cadavers
of South Africans of European ancestry (Table 1) were
used which were housed in the School of Anatomical
Sciences at the University of the Witwatersrand, Jo-
hannesburg, South Africa for teaching purposes. Ap-
proval was granted (Ethics Number: W-CJ-140604-1)
by the Human Research Ethics Committee (Medi-
cal) of the same university. Therefore the study was
conducted in accordance with the ethical standards.
From the cadavers available for this study, 17 left and
17 right limbs (i.e. both limbs) were sourced from the
same cadavers and the rest were from 32 cadavers.
The mean age of the female cadavers was 76.9 years
(range: 53-94 years) and that of the male cadavers
was 74.6 years (range: 52-93 years) (Table 1). Cadavers
with any physical scars or deformity on the lower limb
were excluded from the study.

Anatomical dissection

With the body in the prone position and the lower
limb in full extension, a longitudinal incision was
made on the posterior surface of each lower limb
extending from the popliteal fossa to the inferior
aspect of the calcaneus bone. The skin was carefully
reflected to reveal the underlying structures. The
subcutaneous fascia and fat were also removed. The
crural fascia was then cut open to expose the muscles
in the posterior compartment of the leg. At the pop-
liteal fossa, a 2.5 cm transverse incision was made in
the medial and the lateral direction (perpendicular to
the longitudinal incision) to allow for adequate space
to examine the deep structures without compromis-
ing the use of the cadavers for teaching purposes.
Similarly, at the heel, about 5 cm long incisions were
made on the medial and lateral sides of the foot (also
perpendicular to the longitudinal incision).
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Figure 1. Photographs showing the tendocalcaneus (TC) on the posterior compartment of the left leg and the description of the measured pa-
rameters; A. The dissection revealing the level of the superior aspect of calcaneal tuberosity (SCT) and measurement of the medial length of
tendon (LOT,,; point A’ to B') and lateral length of tendon (LOT; point A’ to C'); B. The levels at which measurement for the distal width (DW)
and distal circumference (DC; 2 cm from the level of SCT) and then the proximal width (PW; lowest level of musculotendinous junction of the
gastrocnemius) were performed; C. The lateral view of the SCT and a portion of the length of TC; LHG — lateral head of gastrocnemius;
MHG — medial head of gastrocnemius; Lat — lateral; Prox — proximal; Post — posterior.

Measurements

With the knee in full extension and the foot in
a dorsiflexed position (approximately 90°), modified
measurements (Fig. 1) previously described by Kumar
et al. [19] were taken on each limb. Soft tissue within
the area of the calcaneus and deep to the TC was
cleared until the superior aspect of the calcaneus was
visible (Fig. 1C). Similar to Liem et al. [23], Ebeling et
al. [11] and Kumar et al. [19], the superior aspect of
the calcaneal tuberosity was used as the reference
point from which all measurements were taken in
order to reduce variability in the measurements. Also
for repeatability, the distal width and circumference
(Fig. 1B) were measured 2 cm from the reference
point [11, 23] while the proximal width was deter-
mined at the lowest level of the musculotendinous
junction of the gastrocnemius [3, 35, 36]. Due to ease
of access, visibility and without cutting the TC that
may compromise measuring its actual length, the me-
dial and lateral lengths of the tendon (Fig. 1A) were
considered to be the actual length of the TC which is
a slight modification to the measurements by Kumar
et al. [19]. This modification was used because there
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is a significant variation to the extent or level at which
the gastrocnemius and the soleus muscles contribute
to the formation of the TC due to the non-constant
orientation of the tendon fibrils [7, 9, 10].

The measurements used in the present study are
summarized below:
— medial length of the tendon (LOT,)) — distance
from the superior aspect of the calcaneal tuber-
osity to the lowest point of the musculotendinous
junction of the medial head of the gastrocnemius
muscle (Metre rule);
lateral length of the tendon (LOT) — distance
from the superior aspect of the calcaneal tuber-
osity to the lowest point of the musculotendinous
junction of the lateral head of the gastrocnemius
muscle (Metre rule);
distal width (DW) — measurement taken at a level
2 cm above the superior aspect of the calcaneal
tuberosity (Vernier calliper);
proximal (PW) width — measurement taken at the
lowest point on the musculotendinous junction
of the gastrocnemius muscle (Thread and metre
rule);
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— distal circumference (DC) — measurement tak-
en at a level 2 cm above the superior aspect of
the calcaneal tuberosity (around the distal width)
(Thread and metre rule). The superior aspect of
the calcaneal tuberosity was used as a reference
point for the DW and DC (Fig. 1B).

Statistical analyses

An inter-observer reliability test (Lin’s concord-
ance test) was used to determine the level of preci-
sion and accuracy between the measurements [20,
24]. This test was performed to determine the degree
of agreement between test and retest measure-
ments. After establishing that the measuring tech-
nique is adequate, data were collected separately
for male and female groups. Descriptive statistics
including means and standard deviation was ob-
tained for each measurement. A Student’s t-test was
used to determine side and sex differences for each
measurement. In addition, a Pearson’s correlation
coefficient was used to assess the strength of the
association between the different dimensions of
the TC. All statistical analyses were performed using
SPSS software (version 22.0; IBM, US). Statistical
difference of 5% was regarded significant for all the
statistical analyses.

RESULTS

Test of reliability of measurements

The Lin’s concordance correlation coefficient (P)
for all measurements is shown in Table 2. The P_ranged
between 0.971 for DW and 0.995 for LOT, which
indicates a high degree of reproducibility. The meas-
urement technique is therefore precise and accurate
based on the result of the P_. The measurement error
from subsequent data collected and analysed for the
current study is considered minimal and acceptable.

Assessment of side difference

A comparison of mean measurements from both
sides were made separately for male and female
samples from cadavers whose both lower limbs were
dissected. Table 3 shows that there is no statistically
significant differences between the two sides indi-
cating a lack of side dominance.

Descriptive statistics

The mean and standard deviation for each meas-
urement of the left and right TC are presented in
Table 4. The LOT,, LOT,, DC and DW (right leg) of the
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Table 2. Lin's concordance correlation of reproducibility

Measurements Pc

LOT, 0.993
LOT, 0.995
DW 0.971
DC 0.990
PW 0.990

LOT,, — medial length of tendon; LOT, — lateral length of tendon; DW — distal width;
DC — distal circumference; PW — proximal width

TC displayed sexual dimorphism but not the PW and
the DW (left leg).

Correlation analyses

The associations for the different TC dimensions
were separated to give clear details about the rela-
tionship between any paired measurements with re-
spect to sex and side. Using the Pearson’s correlation
coefficients [1], strong associations were observed
between the paired measurements of LOT, and LOT,,
(R > 0.8) for both sexes and sides. Association be-
tween DC and DW (R > 0.7) was similarly strong except
for the male left leg. In addition, association between
DW and PW showed a negative strong association
(R =-0.7) in the male left leg. Other paired measure-
ments displayed moderate associations (R = 0.4-0.6).
The association between measurements of the right
and left TC for both sexes showing only the strong
and moderate associations is presented in Table 5.

DISCUSSION

Ultrasound is the most preferred method for di-
agnosing TC rupture and which is also commonly
utilised in determining the TC morphometry[3, 8, 11,
17, 35, 36]. There is usually a high variability in the
TC dimension when measurement is obtained from
images acquired using ultrasound. This variability is
due to the non-uniformities of equipment, different
resolutions of equipment and image acquisition pa-
rameters [46, 47]. For example, Pang and Ying [35]
observed that the measurement outcome for CSA did
not correspond with the TC thickness in their study
on TC morphometry using an ultrasound. They con-
cluded that this was so because the measured CSA
was more accurate than the TC thickness. Thus the
approach used (i.e. ultrasound) was implicated as
the source of errors or variability [35]. This therefore
means that there is a need to present data on TC
morphometry that is more precise and accurate. The
results of the present study showed a high degree
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Table 3. Comparison between mean measurements of left and right tendocalcaneus

Female Male

Left Right Left Right

N  Mean SD Mean SD t ] N  Mean SD Mean SD t p
lor, 10 1730 224 162.4 159 122 024 71934 229 1914 26.0 0.15 0.88
LT, 10 194.4 23.1 186.3 10.3 1.01 0.33 1 2285 28.8 220.1 212 0.62 0.55
DW 10 129 38 132 3.6 018 0.6 7 149 22 15.6 1.7 0.67 0.52
DC 10 40.3 8.0 404 8.1 003 098 7 453 42 437 43 0.7 0.49
PW 10 132 95 n3 6.3 0.53 0.61 1 66.1 59 136 11.6 1.52 0.15

LOT,, — medial length of tendon; LOT — lateral length of tendon; DW — distal width; DC — distal circumference; PW — proximal width; SD — standard deviation

Table 4. Descriptive statistics of measurements of the tendocalcaneus

Female Male
N Mean SD N Mean SD t p

Left

LoT, 17 178.4 25.3 15 202.5 20.7 3.04 0.005
LOT, 17 197.0 194 15 2215 243 4.04 0.000
DW 17 139 33 15 15.8 2.1 1.98 0.057*
DC 17 41.2 6.7 15 46.1 45 242 0.022
PW 17 728 9.4 15 7.6 137 0.61 0.766*
Right

LaT, 18 173.4 214 16 195.1 225 2.88 0.007
LOT, 18 194.7 16.4 16 2194 183 417 0.000
DW 18 131 28 16 15.3 19 2.63 0.013
DC 18 38.4 6.5 16 432 37 2.62 0.013
PW 18 .2 15 16 754 136 1.12 0.273*

*No significant difference at p < 0.05; LOT,, — medial length of tendon; LOT — lateral length of tendon; DW — distal width; DC — distal circumference; PW — proximal width; SD —
standard deviation

Table 5. Correlation coefficient between measurements of the left and right tendocalcaneus

Female Male
LOT, LOT, DwW DC PW LOT, LOT, DW DC PW
Left
LOT,
LOT, 0.9 0.8
DW 04
DC 0.9 0.6
PW 0.5 0.4 04 -0.7
Right
LOT,
LOT, 0.8 0.8
DW 0.5 0.5 0.4
DC 0.6 0.6 09 0.7
PW 0.6 04

LOT,, — medial length of tendon; LOT — lateral length of tendon; DW — distal width; DC — distal circumference; PW — proximal width
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of reproducibility indicating that the measurements
obtained were precise and accurate. Cadaveric ap-
proach seems to be a more idealistic approach as it
provides a three-dimensional view of the structure
from which measurements of different parameters
and direct observations can be conducted. Only few
data on the TC morphometry using cadaveric ap-
proach is available (e.g. Kumar et al. [19]); however,
its benefits have been utilised in similar studies such
as patella-patellar ligament morphometry [34].

The result of the present study is consistent with
that obtained for other studies in that the TC dimen-
sions were not significantly different between the
sides [8]. The base-line morphometric profile of the
TC is very useful as it has been shown that the ten-
don properties of both TC are asymmetrical [2]. Thus
a morphometric distinction between a pathological
and a non-pathological tendon is of paramount impor-
tance in the surgical repair of the TC and post-surgery
mobility recovery. In addition, the differences in the
TC morphometry between sides may not be entirely
pathological but may be as a result of sidedness [2].
Leg dominance with respect to TC is particularly in-
teresting in that some studies [2, 12, 35] reported
the left leg as the dominant leg despite the fact that
a significant number of people are right-sided [26, 35].
In the study by Pang and Ying [35], the participants
were asked to elect a limb to kick a ball. A significant
number elected the right limb but their elected limb
was considered non-dominant. This makes sense in
that the left ankle in right-sided individuals endures
significant tension while acting as push off during
certain activities e.g. ball kicking. This also accounts
for the high prevalence of left TC injuries owing to
the fact that many individuals are right-sided [26, 35].

Several factors, e.g. subjects’ physical activities,
sex and age, have been suggested to be contributing
factors to the differences in the TC morphometry
[2, 34, 35]. Differences in foot types also have a direct
relationship with the TC morphometry [30] as a thin
TCis often associated with a flat-arched foot type due
to the reduced effectiveness of the transfer of force
from the heel to the forefoot during the propulsion
phase of walking [18, 49]. Likewise, a thin TC is also
more prone to rupture and it is more vulnerable to
developing tendinopathy than a thicker TC [16]. It is
thus logical to observe morphometric variations in
measurements taken within any population group
(e.g. athlete vs. non-athlete) and the variation could
be more significant between different population
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groups. Despite the differences in approaches used
(e.g. ultrasound or cadaveric) for TC morphometry, the
mean values for the distal width in the present study
is within close range with other ultrasound studies
[4, 8, 17, 36]. However it differs from Kumar et al. [19]
and Singhal et al. [41] that measured the tendon near
their insertions unlike the present the study that took
measurements at the region where the TC is most
prone to injury. The mean values also fall within the
range that were reported for white, non-white or black
population groups [8, 36]. This consistency could be
attributed to the superficial position of this section of
the TC (i.e. distal part) that makes it easy to measure
when using any of the two approaches.

Tendon degeneration is common in old age due to
a reduction in the collagen fibrils but results in an
increase in tendon fibrils [35]. These two factors con-
tribute to the differences in TC morphometric. The
reduction in collagen in-turn lowers the mechanical
strength of tendon making aged individuals to be more
prone to repetitive tears [6, 16]. As tendon constantly
remodels in order to repair the repetitive tears, the heal-
ing tendon hypertrophies which could thus introduce
more variability in the TC dimension across any popu-
lation group. Most cadavers in our facility are aged and
it is thus a limitation for the present cadaveric study.

In the present study, strong associations were
found between the medial and lateral lengths of
the TC and between the distal width and distal cir-
cumference of the TC of both legs while moderate
to weak associations were reported for other paired
measurements in the legs for both sexes. Kumar et al.
[19] similarly reported weak to moderate associations
in the TC dimensions in the male cadavers. In the latter
study, weak associations were reported for paired
measurements between the tendon length and the
tendon circumferences (proximal and distal) similar
to the findings of the present study for the male ca-
davers. There was also a weak association between
the tendon length and the rest of the measurements
[19]. Moderate associations were reported between
proximal and distal widths as well as between distal
width and distal circumference [19] which are similar
to the results of the present study. The significant sim-
ilarities between the present findings and the report
by Kumar et al. [19] further indicates the adequacy of
a cadaveric method for determining the TC morpho-
metry. Based on the strong associations, it seems that
the TC length, distal width and distal circumference
could be dependable factors for predicting the normal
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size of the TC. This will be of help to surgeons during
the surgical repairs of the TC.

CONCLUSIONS

The presented morphometric profiles of the TC us-
ing a cadaveric approach are considered highly accu-
rate suggesting that the measurements obtained may
closely match that in the living of similar age. Although
cadaveric approach is faced with numerous limitations
(e.g. age range owing to cadaveric collection, sample
size, population group etc.), it still offers a realistic
approach for morphometric measurements. A more
comprehensive morphometric data of the TC that
takes into account the body weight, stature, physical
activities and pathologies etc. still need to be conduct-
ed as this will be helpful during the surgical repair of
the tendon. Future studies should also incorporate
the measurement of CSA of the TC across different
population groups using histological approach. This
may shed more light into the associations between
the tendon length, the TC distal width and distal
circumference where most TC injuries often occur.
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