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SUMMARY: The plantar aponeurosis (PA), which is a thickened layer of deep fascia located on the plantar surface of the foot,
is comprised of three parts. There are differing opinions on its nomenclature since various authors use the terms PAfasdiplanta
(PF) interchangeably. In addition, the variable classifications of its parts has led to confusion. In order to assessaha&dr this
study documented its morphology. Furthermore, a pilot histological analysis was conducted to examine whether the stnucture is a
aponeurosis or fascia. This study comprised of a morphological analysis of the three parts of the PA by micro- and nizmmetiEsec
fetal and 50 adult cadaveric feet, respectively (total n=100). Furthermore, a pilot histological analysis was conductéstusesdive
(n=10) and five adults (n=10) (total n=20). In each foot, the histological analysis was conducted on the three partdaf #popkurosis,

i.e. the central, lateral, and medial at their calcaneal origin (total n=60). Fetuses: i) Morphology: In 66 % (33/50kcintleaspthe
standard anatomical pattern was observed, viz. three parts (i.e. central, lateral, medial) that originated from the rageiial and
processes of the calcaneal tuberosity and inserted onto the metatarsals. In 18 % (9/50) of the specimens, a two-pamsstructure
observed. Variable origins of the medial part were noted in 16 % (8/50) of the specimens. In order to document thesethariations
central part of the PAwas divided into three segments (i.e. upper, middle, lower): a) In 63 % (5/8) of the specimenal, plaet @ETie

from the middle segment; b) In 37 % (3/8) of the specimens, the medial part arose from the middle and upper segmelagidglHisto
analysis: a) The central part contained longitudinally arranged semi-dense type | collagen fibres with fibroblasts; balTpetlate
displayed semi-dense type | collagen fibres with fibroblasts, hyaluronic acid, corpusculum sensorium fusiforme (Ruffifé)cangusc
corpusculum lamellosum (Pacinian corpuscle); ¢) The medial part comprised of loose connective tissue with elastic afibresicular
Adults: i) Morphology: In 100 % of the specimens, the standard anatomical pattern was observed. ii) Histological Analykis: a) |
central part, longitudinally arranged type | collagen fibres with fibroblasts were visible; b) The lateral part containedinalgi
arranged type | collagen fibres with fibroblasts; ¢) The medial part comprised of loose connective tissue, type | arabliggenll
fibres, elastic and reticular fibres. In the current study, the morphology of the PA in fetuses and adults conformedchtiattie sta
anatomical description with variations in the origin of the medial part observed in fetuses. In addition, the fetal spispiangzcs al
two-part structure of the PA when the medial part was absent. Microscopically, the findings suggest that only the catdral pad$

may be considered as the PA, whilst the medial part may be termed the PF.

KEY WORDS: Aponeurosis; Fascia; Histology; Morphology; Embryology.

INTRODUCTION

The plantar aponeurosis (PA) is a fascial structutalnievet al (2013) reported the same three-part structure
that originated from the calcaneus and traversed the foota® the PF, which was corroborated by Stestcal (2013),
insert onto the base of each metatarsal (Kelikian, 2011). Tingheir histological study. From this, it can be seen that there
literature reviewed suggested that the PAin adults comprigéd variability regarding the nomenclature and the
of three parts viz. central, lateral, and medial (Kelikiarglassification of the parts of the PA (Table Il). The term PA
Abrahamset al, 2013; Standring, 2016) (Table I). Howeverjs prescribed in Terminologia Anatomica (FCAT, 1998)
Hiramoto (1983) described the same structure as two pamg)ilst the term PF is not recognized.
viz. central and lateral, whilst Draké¢al (2015) described
it as one part, viz. central with the lateral and medial parts ~ According to standard histological textbooks, fascia
termed the plantar fascia (PF) (Table I). is composed of loose connective tissue with elastic fibres

Clinical Anatomy School of Laboratory Medicine and Medical Sciences College of Health Sciences.
University of KwaZulu-Natal Westville Campus Durban, South Africa.
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Table I. Summary of the literature reviewed showing the description and number of parts

of the PA.
Author(s) and Description of the PA

One part Two parts Three parts
(i.e. central) (i.e. central and lateral) (i.e. central, lateral, medial)
Chaurasia (2010) Loth (1908) Do Carmo et al. (2008)
Sinnatamby (2011) Loth (1913) Kelikian and Sarrafian (2011)
Snell (2011) Hiramoto (1983) Chen et al. (2014)
Aguretal. (2013) - Hoffman er al. (2014)
Moore et al. (2014) - Abrahams et al. 2015)
Netter (2014) - Standring et al. (2016)

Pavan et al. (2014) - -
Drake et al. (2015) - -

Table II. Summary of the literature reviewed showing variability in thepmedicine and Medical Sciences, College of Health
nomenclature. Sciences at the University of KwaZulu-Natal,
Three parts (i.e. central, lateral, medial) South Africa. Bilateral dissection was conducted

PA/PK PF on fetuses (13 males, 12 females) with a gestational
Wearing et al. (2006) Kaya (2010) , age range of 16-25 weeks, and adults (15 males,
Standring et al. (2009) Sakalauskait and Satkunskien (2012) 10 females) with an age range between 54-95 years
McNally and Shetty (2010) Stecco etal. (2013)

old. The micro-dissection was conducted with the

aid of a Zeiss Stemi DV4 microscope.
Methodology by Pandest al (2015), using the left fetal foot

arranged in a multi-directional arrangement (Mescher, 2018as used for the determination of the gestational age. The PA

Ross & Pawlina, 2015; Mooret al, 2016). Whilst, an was viewed in situ after removing the skin and the superficial

aponeurosis is composed of dense connective tissue wakier of fat, whilst keeping the superficial neurovascular

elastic fibres arranged in a unidirectional arrangement (Hadkructures intact. The origin, course, insertion and anatomical

1998; Youncet al, 2011). Histologically, the central part ofrelations of the central, lateral and medial parts were

the PA in adults is formed by dense type | collagen fibreocumented. Furthermore, a pilot histological analysis was

scattered with fibroblasts and arranged in longitudinal armdnducted on five fetuses (n=10) and five adults (n=10) (total

transverse directions (Stecebal; Ross & Pawlina). The n=20). In each foot, the histological analysis was conducted

lateral and medial parts of the PA contained type |, Il and I¢in the three parts of the PA, i.e. central, lateral, and medial in

collagen fibres arranged in multiple directions with littlfetuses and adults just proximal to its calcaneal origin, thus a

inelastic fibres and hyaluronan (Steataal). In addition, total of 60 slides were micro-analyzed.

their study documented that only the medial part contained

corpusculum sensorium fusiforme (Ruffini corpuscle) and The hematoxylin and eosin (H&E) stain was

corpusculum lamellosum (Pacinian corpuscle) around iperformed to determine the histological composition of the

calcaneal origin (Stecaat al). three parts of the PA, as this stain revealed basic micro-
anatomical structures.

Since there has been differing opinions on the

nomenclature and the classification of the parts of the PA,

this study aimed to document the morphology of the fet®RESULTS

and adult PA. Furthermore, a pilot histological analysis of

the PA was conducted to confirm whether the structure is a

fascia or an aponeurosis. Fetuses

Kalniev ef al. (2013) -

Morphological Analysis. In 33/50 (66 %) of the fetal
MATERIAL AND METHOD specimens, the standard anatomical pattern was observed,
i.e. a three-part structure of the PA (central, lateral, medial)
that originated from the calcaneal tuberosity and inserted
Morphological analysis of thiree parts of the PA onto the metatarsals (Fig. 1). However, in 9/50 (18 %) of
was conducted on 50 fetuses and 50 adults (total n=100) whible fetal specimens, a two-part structure, viz. central and
were obtained from Clinical Anatomy, School of Laboratoryateral, with an absent medial part was observed. In 42/50
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Variations in the medial part of the PA in
fetuses.Variations in the origin of the medial
part of the PA were observed in 8/50 (16 %) of
the fetal specimens. As a result, the origin of
the medial part was determined by dividing the
central part into three segments, viz. upper,
middle, lower. The medial part originated from:
a) the middle segment of the central part of the

Fii;. 1. lllustration showing the origin, course, and insertion of the three partsPo and blgnded with the dorsallfascia on the
ero-medial aspect of the foot in 5/8 (63 %)

the fetal PA. Key: C — Central part; L — Lateral part; M — Medial part; 1-5 'ﬂ, -
Digital slip. Ca - Calcaneus (Fig. 2A); b) the middle and upper segments of

the central part of the PA and blended with the
dorsal fascia on the infero-medial aspect of the
(84 %) of the fetal specimens, the PA covered the plantar surface offtw in 3/8 (37 %) (Fig. 2B).
first muscular layer of the foot, which comprised of the abductor hallucis,
flexor digitorum brevis, and the abductor digiti minimi muscles (frorflistological Analysis
medial to lateral).

The central part of the PA. This contained
longitudinal semi-dense type | collagen fibres
in a wavy pattern, that were unidirectional in
the proximal to distal direction. Scattered
fibroblasts and loose connective tissue emerged
amongst the collagen fibres (Fig. 3A).

The lateral part of the PA. Semi-dense type |
collagen fibres were longitudinally arranged in

Fig. 2. Variation of the medial part originating from the middle (A) and midd@ Wavy pattern_, n a prox!mal to_dlstal direction.
and upper (B) segments of the central part in fetuses. Key: C — Central part; 9S€ cOnnective tissue intertwined between the
Medial part; AbH — Abductor hallucis; D — Dorsal fascia. Ca - Calcaneus Collagen fibres (Fig. 3B). A significant amount

Fig. 3. H&E stain of the central (A), lateral (B), and medial (C) part of the PA in fetuses near the calcaneal origirllBgenlfibres

(CF) and scattered fibroblasts (F) arranged unidirectional can be observed in A and B. Loose connective tissue (LCT) were found
between the collagen fibres, with blood vessels (BV) in between in B. In C, few loose type | collagen fibres arrangeden multip
directions were seen amongst the elastic (E) and reticular fibres (R), which were arranged in an irregular network.
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of fibroblasts, together with hyaluronan and neurovasculéfig. 3C). Scattered fibroblasts were also observed.
structures [(blood vessels, corpusculum sensorium fusiformieurovascular structures and type Il collagen fibres were
(Ruffini corpuscle) and corpusculum lamellosum (Paciniaseen in a multi-directional arrangement surrounding the

corpuscle)] were visualized.

The medial part of the PA. This part consisted of loose

blood vessels.

connective tissue, few wavy type | collagen fibres, with elast&dults
and reticular fibres which presented in a mesh-like arrangement

Fig. 4. lllustration (A) and schematic

. (B) of the plantar view of the adult PA

showing its origin, course, division,

and insertion. Key: C —Central part;
Ca — Calcaneus; L — Lateral part; M —
Medial part; 1-5 — Digital slips

Morphological Analysis. In 100 % of the adult
specimens the standard anatomical pattern was
observed, viz. three distinct parts: central, lateral, and
medial (Fig. 4).

Histological Analysis

The central part of the PA. This part contained dense
straightened unidirectional, longitudinal strands of type
| collagen fibres arranged in a proximal to distal direction,
with densely compacted fibroblasts (Fig. 5A).

The lateral part of the PA.Densely packed straightened
type | collagen fibres in a unidirectional, proximal to
distal arrangement, was visualized. At the calcaneal
origin,numerous fibroblasts were located (Fig. 5B).

The medial part of the PA.Loose connective tissue
intertwined with few type | and type Il collagen fibres,
and scattered fibroblasts were visible (Fig. 5C). Elastic
and reticular fibres were seen in abundance.

origin. Type | collagen fibres (CF) and scattered fibroblasts
I collagen fibres arranged in multiple directions were seen amongst the elastic (E) and reticular fibres (R) in C, which were
arranged in an irregular network.

(F) were seen to be in abundance in A and B. Few loose type
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DISCUSSION anatomical textbooks (Kelikian; Abrahaetsal.; Standring,
2016). This was also reported by other authors, however,
Fetuses they used interchangeable terminologies, i.e. PA and PF

(Wearinget al, 2006; McNally & Shetty, 2010; Kalnieat
Morphology of the PA. The results obtained in this cohortal.) or PF (Kaya, 2010; Sakalauskaite” & Satkunskiene’,
showed the PA comprised of three parts, viz. central, latera12; Steccet al) to describe this structure. More recently
medial, that originated from the calcaneus (33/50; 66 %(2016), a three-part structure termed the PA was reported by
except in cases where the medial part was absent (9/50;St&ndring (2016), thus the current study corroborates well
%) suggesting a two-part structure. In 8/50 (16 %) of theith this author. Furthermore, the PA had been documented
sample size, variations in the origin of the medial part wess a two-part structure (Loth, 1908, 1913; Hiramoto) or a
documented. Fetal morphology of the PA and its variatiomse-part structure (Agur & Dalley, 2013; Moe@teal, 2014;
were not previously documented in the literature revieweBrake et al); however, this was not documented in the
The three-part structure documented in this study for tlerrent study for the adult cohort. Macroscopically, the cen-
fetal cohort agreed with the reports of Agur and Dallefral and lateral parts of the PA in the adult cohort were
(2013), Kelikian and Standring (2016), on the adult literatur@bserved to be thicker and more opaque than the medial
of the PA. Furthermore, the two-part structure documentgart. Hence, advocating for a review of its micro-anatomy
in this study agreed with the descriptions by Loth (1908vhich may prove useful in explaining this differentiation.
1913) and Hiramoto as they also described a two-part
structure, viz. central and lateral parts with an absent medkdiktology of the PA.The central and lateral parts comprised
part in an adult cohort with a smaller sample size. Thae mainly type | collagen fibres observed in a straight
prevalence of two parts of the PA may be of interest tmidirectional pattern. Whereas, the medial parts contained
biomechanical engineers and clinicians as it may suggésbse connective tissue with very few type | collagen fibres
that the medial part may develop at a later stage or be absana multi-directional arrangement, as well as type Il
in the adult. These anomalies may also be useful aollagen fibres that surrounded blood vessels. These findings
understanding fetal PA development as the fetal specimetid not agree with the study by Steetal, as they reported
obtained in this study were in the second trimester term sifaightened type | collagen fibres in all three parts observed
pregnancy. in a multi-directional arrangement which they termed the

PF (Table Ill). Furthermore, their study also documented
Histology of the PA.The central and lateral parts comprisedype Il collagen fibres seen in the lateral and medial parts,
of mainly semi-dense type | collagen fibres in a wavy pattemhich were not visualized in the current study. This could
in a proximal to distal unidirectional arrangement. Therbe due to the different material used, viz. fresh and formalin-
were no known studies on the histology of the PAin fetusdssed adult cadaveric material by Steatal., whereas, the
therefore, in comparison to the adult studies, the findings pfesent study utilized embalmed adult cadaveric material.
the current study did not agree with the study by StetcoThe results of the adult cohort for the central and lateral
al., as they reported straightened type | collagen fibres irparts fit the description of an aponeurosis and the results
multi-directional arrangement. However, neurovascularbtained for the medial parts agreed with the description of
structures were observed in the lateral parts and tHascia as per standard histological textbooks (Mescher; Ross
corroborated with the adult study by Steetal The medial & Pawlina; Mooreet al, 2016).
parts contained loose connective tissue with few wavy type
I and type Il collagen fibres in a multi-directional
arrangement which corroborated with the adult study bl ONCLUSION
Steccoeet al The central and lateral parts in the fetal cohort
fit the description of an aponeurosis and the results obtained
for the medial part agree with the description of fascia as The interchangeable use of the terms “plantar
per standard histological textbooks (Mescher; Ross &poneurosis” and “plantar fascia” by several authors has led

Pawlina; Mooreet al,, 2016). to much confusion regarding its structure and composition,
from which variable descriptions of the plantar aponeurosis
Adults emerged. This study confirmed the anatomy of the adult PA

as described in standard anatomical textbooks and previous
Morphology of the PA. The results obtained in this studyliterature, with the addition of fetal anatomy since it was not
for the adult cohort showed that the PA comprised of threeported previously. This may offer insight into the
parts, viz. central, lateral, and medial, that originated froatevelopment of the fetal PA between the 6th — 25th week
the calcaneus and traversed the foot as reflected in standatch-uterine. Histological analysis revealed that only the
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Table 1ll. Comparison of histological composition of the PA.

The plantar aponeurosis in fetuses and adults: An aponeurosis or fascia?

Authors
Parts of the PA Stecco et al. (2013) Kalicharan et al. (2016)
Adults Adults Fetuses
Type I collagen Dense type I collagen Semi-dense type I collagen
Multi-directional straightened Unidirectional straightened Unidirectional wavy
Central part arangement of collagen arrangement of collagen arrangement of collagen
- Fibroblasts Fibroblasts
Type II collagen - -
Type I collagen Dense type I collagen Semi-dense type I collagen
Multi-directional strai ghtened Unidirectional straightened Unidirectional wavy
- Fibroblasts Fibroblasts
Hyaluronan - Hyaluronan
Ruffini and Pacinian corpuscles - Ruffini and Pacinian corpuscles
Lateral part Blood vessels - Blood vessels
Nerves - -
Type II collagen - -
Loose connective tissue Loose connective tissue Loose connective tissue
Type I collagen Few type I collagen Few type I collagen
Type III collagen Type III collagen Type I1I collagen
Multi-directional arrangement of ~ Multi-directional arrangement of ~ Multi-directional arangement
Elastic fibres Elastic fibres Elastic fibres
Medi - Reticular fibres Reticular fibres
edial part - Fibroblasts Fibroblasts
Blood vessels - Blood vessels
Nerves - Nerves
Ruffini and Pacinian corpuscles - -
Type II collagen - -
Hyaluronan - -

central and lateral parts resembled an aponeurosis, therefdfé Pie. esta compuesta de tres partes. Hay diferentes opiniones
the findingS Suggest that these two parts may be Conside? re su nomenclatura, ya que varios autores utilizan los términos

. . . ! i i iable. A as, | is-
as the PA. Histological analysis also revealed that the mecﬁgﬁly fascia plantar (FP) de forma intercambiable. Ademas, las dis

. - as clasificaciones de sus partes han dado lugar a confusion. Con
part resembled fascia, hence, the findings also suggest @ de evaluar la naturaleza de la AP, este estudio documenté su

this part should be considered as the PF. In recent yegfgfologia. Ademas, se realizé un andlisis histoldgico para exa-
there has been an increase in studies investigating the f@l@ar si la estructura es una aponeurosis o fascia. Este estudio
of fascia and aponeurosis in musculoskeletal disorders, sudhsistio en un analisis morfolégico de las tres partes de la AP de
as myofascial pain (Stecen al). Thus understanding the 50 pies de fetos y 50 pies de cadaveres adultos, por micro y
macro- and micro-properties of fascia and aponeurosis magcrodiseccion, respectivamente (total n = 100). Ademas, se rea-
aid in treating these disorders. Understanding the anatofff un andlisis histoldgico en cinco fetos (n = 10) y cinco adultos
of the PA is also important to orthopedic surgeons fdf. - 10) (total n =20). En cada pie, el analisis histologico se reali-

. . g sobre las tres partes de la aponeurosis plantar, es decir, la cen-
diagnoses and treatment of pathologies such as pla 7;

" . ! 3[ lateral y medial en su origen calcaneo (total n = 60). Fetos: i)
fascutls, §ls the central part of the PA is known to be direct orfologia: En el 66 % (33/50) de los especimenes, se observo el
involved in the pathology.

patron anatémico estandar, es decir, tres partes (central, lateral y
medial) que se originaron a partir de los procesos medial y lateral
KALICHARAN, A.; PILLAY, P.; RENNIE, C.O.; DE GAMA, de la tuberosidad calcaneay se insertaban en los metatarsianos. En
B. Z. & SATYAPAL, K. S. La Aponeurosis Plantar en Fetos y18 % (9/50) de los especimenes, se observd una estructura de dos
Adultos: ¢ Aponeurosis o Fascia®. J. Morphol., 35(2584-690, partes. Los origenes variables de la parte mediana se visualizaron
2017. en el 16 % (8/50) de los especimenes. Para documentar estas va-
riaciones, la parte central de la AP se dividid en tres segmentos
RESUMEN: La aponeurosis plantar (AP), que es una cap@uperior, medio, inferior): en el 63 % (5/8) de los casos, la parte
engrosada de fascia profunda localizada en la superficie plant@&diana surgi6 del segmento medio; en el 37 % (3/8) dasos,
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los casos la parte medial surgié de los segmentos medio y supetioth, E. Etude anthropologique sur laponévrose plantiré. Mem. Soc.

i) Anélisis histoldgico: a) La parte central contenia fibras de colageno Anthro. Paris, 4601, 1913.

tipo | semi-densas dispuestas longitudinalmente con fibroblastosMfNally, E. G. & Shetty, S. Plantar fascia: imaging diagnosis and guided
La parte lateral mostr fibras de colageno tipo | semi-densas cﬁgtreatmem‘ 8min. Muskuloskelet. Radiol., 14(834-43, 2010.

fibroblast <cido hialuréni , | ial fusif scher, A. LJunqueira's Basic Histology: Text and AtldS8th ed. New
Ibroplastos, acido hialuronico, corpusculo sensorial tusiform (COI’- York, McGraw-Hill Medical, 2013

pusculo de Ruffini) y corpisculo lamellosum (corpUsculo de Paciniioore, k. L.; Dalley, A. F. & Agur, A. M. RClinically Oriented Anatomyz®

c) La parte medial comprende tejido conjuntivo suelto con fibras ed. Philadelphia, Wolters Kluwer, 2014.

elésticas y reticulares. Adultos: i) Morfologia: En el 100 % de lagoore, K. L.; Persaud, T. V. N. & Torchia, M. Ghe Developing Human.
especimenes se observo el patron anatémico estandar. ii) AndlisisClinically Oriented Embryologyl0" ed. Philadelphia, Elsevier, 2016.
histoldgico: a) En la parte central, se observaron fibras de colagé¥giter, F. HNetters Atlas of Human Anatontih ed. London, Elsevier Health
de tipo | con disposicion longitudinal de fibroblastos; b) La parte Sciences, 2014. , _

lateral contenia fibras de colageno de tipo | dispuestagndey. V- D-; Singh, V.; Nigam, G. L.; Usmani, Y. & Yadav, Y. Fetal foot

S ) . . length for assessment of gestational age: A comprehensive study in North
longitudinalmente con fibroblastos; c) La parte medial estaba com- India. Sch. J. Appl. Med. Sci., 3(1C39-44, 2015.

puesta de tejido conectivo suelto, fibras de colagenos tipo |y tiBgyan, p. G.: Pachera, P.; Stecco, C. & Natali, A. N. Constitutive modeling of
I, fibras elasticas y reticulares. En el presente estudio, la morfolo- time-dependent response of human plantar aponeu@sisput. Math.

gia de la AP en fetos y adultos se ajusté a la descripcion anatdmicajethods Med., 201830242, 2014.

estandar con variaciones en el origen de la parte medial observadss, M. H. & Pawlina, WHistology. A Text and Atlas. With Correlated Cell

en fetos. Ademas, los especimenes fetales mostraron una estructui@d Molecular Biology7th ed. Philadelphia, Wolters Kluwer, 2015.

de dos partes de la AP cuando la parte medial estaba ausenp@kalauskaite, R..& Satkunsl_(iene, D. The foot arch anq viscoelastic properties
Microscépicamente, los hallazgos sugieren que s6lo las partes cen2! Plantar fascia and Achilles tendah Vibroengineering, 14(4)751-9,

2012.

tral y lateral pueden considerarse como AP, mientras que la paé}gnatamby, C. Sast's Anatomy. Regional and Applia” ed. Edinburgh,

medial puede denominarse FP. Churchill Livingstone, 2011. pp.151.
Snell, R. SClinical Anatomy by Region§" ed. Philadelphia, Lippincott
PALABRAS CLAVE: Aponeurosis; Fascia Histologia; Williams & Wilkins, 2011.
Morfologia; Embriologia. Standring, S. (Ed.)Gray's Anatomy. The Anatomical Basis of Clinical

Practice.40"ed. Edinburgh, Churchill Livingstone/Elsevier, 2008.
Standring, S. (Ed.)Gray's Anatomy. The Anatomical Basis of Clinical
Practice 41" ed. Oxford, Elsevier, 2016.
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