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- Editorial

Quality Control in E-learning for Medical Education

E-learning has been a part of the education system for a
long time. Massive open online courses with dedicated
curriculum and learning modules have been quite effective
and gained a lot of traction in various streams of education
by giving flexibility of time and finances to learners and
students. COVID-19 has changed the scenario drastically
and brought mainstream medical education into the foray of
e-learning, although the technology was being used in the
form of offline e-learning (popular among medical students
by way of sharing PDFs, learning resources, and so on)
and online e-learning (popular for continuing professional
development programs). There is a sudden need to teach
undergraduate medical students remotely using various
online platforms such as Zoom, WebEx, Google Meet,
and Microsoft Teams. The usage of novel technology to
enhance medical education has come to the forefront.!"! The
quality of teaching and content needs to be much higher
in online teaching when compared to that of face-to-face
teaching, considering students are not in a controlled
environment. This realm of teaching requires faculty to
be more creative in maintaining and engaging students’
interest in the subject and the concept of learning. The
success of e-learning depends on it being "brain friendly",
on engaging the learners from an understanding of how the
cognitive system works."?l To maintain this quality, one has
to consider the following factors:
* Need for medical colleges to provide technology that
enables the faculty to maintain the standards of teaching
» Sensitization of faculty and students toward the usage of
the software (various platforms, learning management
system [LMS]) which the college has provided
* Content of the lectures has to be created keeping in
mind that we are not teaching in a physical classroom
» Content should help promote interactions among faculty
and students (student engagement)
» Constant evaluation and assessment need to be done to
positively impact and improve the ongoing classes
» Students should be provided access to digital library
remotely and other e-resource material by way of LMS.

The focus should be on the curriculum design and planning
of the teaching sessions rather than on the technologies
themselves.?! Adapting the principles of Kern’s model
of curriculum design for medical education toward the
e-learning that we are employing could help yield more
productive outcomes. The six steps Kern's model are as
follows:

Step 1: Problem Identification and General
Needs Assessment

Identifying and categorizing competencies into
higher-level and lower-level knowledge domains.

Lower-level knowledge domain competencies could
be taught using flipped classroom model by providing
relevant study material pre-session instead of didactic
mode (This is just an example to initiate other modes of
teaching methods among both students and faculty). This
increases student engagement and also will inculcate the
concept of self-directed learning in students. This model
also motivates students to spend more time in acquiring
knowledge outside of a formal class.P!

Step 2: Targeted Needs Assessment

Identifying students’ baseline knowledge will optimize the
design, planning, and delivery of the lectures. This step
will help us in including all levels of learners, and slow
learners would not feel left out. This could be done by
taking presession polls and surveys. This also shifts onus
onto students, as they identify their own levels.

Step 3: Goals and Objectives

End of session goals should be crisp and clear so that
students follow the flow of the lecture.

Step 4: Educational Strategies

Extrapolating from Step 1, students should be encouraged
to speak up during the session, this could be by predeciding
the speakers or randomly picking volunteers during the
session. Positive reinforcement should be the mantra rather
than negative reinforcement. Breakout room sessions
followed by plenary could also be employed in short bursts
for discussions to improve student engagement.

Step 5: Implementation

Instead of only an audio lecture, mitigating it with video
of the faculty by switching on the web camera would give
a sense of connection to the students. Pausing in between
the lecture and giving students time to post doubts through
audio or chat box will keep them engaged and breaks the
monotony of the lecture.

Step 6: Assessment, Evaluation, and Feedback

Assessment of students can be done using polling and quiz
features which are inbuilt in the conferencing platform
itself. Evaluation and feedback forms may be designed
using Google Forms and sent to students to evaluate
the effectiveness of the session also get feedback from
students which forms a base to improve the quality of the
lectures. The forms should be designed to be anonymous to
encourage constructive criticism.

The six steps listed above are nonlinear and interdependent,
principles of each step are dependent on one another to

© 2021 Journal of the Anatomical Society of India | Published by Wolters Kluwer - Medknow 67
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achieve an effective outcome and they should not be treated
as independent entities. The National Medical council
(NMC) in coordination with nodal centers of medical
education units (MEU) should issue guidelines for online
teaching to maintain uniformity and quality of the content.
This will also decrease ambiguity of e-learning among all
the stakeholders (faculty, students, and parents). Strictly
speaking, the teaching that we are perceiving as “online” or
“e-learning” in fact, may be termed as “remote teaching”
by the assistance of technology.
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- Original Article

Anatomical Considerations Regarding the Posterior Interosseous Nerve
for Surgical Approaches in the Proximal Forearm: A Cadaveric Study

Abstract

Introduction: The posterior interosseous nerve (PIN) is at risk of injury when surgical procedures are
undertaken in the proximal forearm. The aim of the present study was to determine the relationship
of the PIN to adjacent anatomical landmarks, which can be used to prevent iatrogenic injury to the
nerve. Material and Methods: Forty upper extremities were used for this study. The landmarks
used to measure the required parameters were intercondylar reference point, styloid process of
ulna, proximal and distal borders of superficial layer of supinator muscle, and head of radius. The
number of trunks of PIN and the innervation pattern of supinator muscle were studied. Results:
The mean values and standard deviations of the measurements obtained were determined. There was
no statistical difference of data between right and left sides. Discussion and Conclusion: The data
obtained in the study will be of use to surgeons and orthopedicians during interventional procedures
on the proximal part of radius and in decompression procedures of the PIN.

Keywords: Arcade of Frohse, radius, supinator

Introduction

The posterior interosseous nerve (PIN)
is vulnerable to injury during surgical
exposures of the radial head and neck,
due to the closeness of the nerve to the
proximal radius and the absence of clear
intermuscular planes.!'*! Moreover, the use
of retractors to allow adequate exposure
of the radial head and neck could lead to

compression or traction injuries of the PIN.
(4]

Extensive exposure of the proximal radius
is required in cases of fractures of the
proximal radius, trauma, and in certain
conditions of the elbow.P! Incisions in radial
head fractures are placed over the radial
head and knowledge of the relationship
of the PIN to the radial head is important
in such cases. In addition, decompression
procedures undertaken for PIN in cases of
its entrapment require the exact localization
of PIN.[67

The radial nerve passes from the posterior
to the anterior compartment, after piercing
the lateral intermuscular septum in the
lateral part of the distal arm. Here, it
divides into its two terminal divisions-the

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

superficial branch and the deep branch or
the PIN. The PIN descends, passing over
the anterior aspect of the elbow joint, and
travels deep to the proximal border of the
superficial layer of supinator muscle (arcade
of Frohse). It passes between the superficial
and deep layers of the supinator and after
exiting from the supinator muscle gives
branches to the muscles of the extensor
compartment of the forearm. It travels
posterior to the interosseous membrane
and anterior to the extensor pollicis longus
muscle onto the dorsum of the carpus,
where it sends filaments to the ligaments
and articulations of the dorsal carpus.®

The aim of the present study was to
determine the distances of the PIN to
certain adjacent landmarks that can be
used intraoperatively to locate the nerve
and prevent iatrogenic injury during the
proximal dissection of the radius. The
pattern of innervation of supinator was
studied, as it is essential for effective
regional anesthetic block and for harvesting
the motor branches for nerve transfer
procedures.

Material and Methods

The study was an observational type of
study, and the duration of the study was

How to cite this article: Jacob J, Isaac B. Anatomical
considerations regarding the posterior interosseous
nerve for surgical approaches in the proximal forearm:
A cadaveric study. J Anat Soc India 2021;70:XX-XX.

Jenny Jacob,
Bina Isaac

Department of Anatomy,
Christian Medical College,
Vellore, Tamil Nadu, India

Article Info

Received: 18 December 2019
Accepted: 15 March 2021
Available online: ***

Address for correspondence:
Dr. Bina Isaac,

Department of Anatomy,
Christian Medical College,
Vellore - 632 002, Tamil Nadu,
India.

E-mail: binaisaac28@gmail.com

Access this article online

Website: www.jasi.org.in

DOI:
10.4103/JASI.JASI_242 19

Quick Response Code:

© 2021 Journal of the Anatomical Society of India | Published by Wolters Kluwer - Medknow

69



Jacob and Isaac: Posterior interosseous nerve

2 years. Forty embalmed upper limbs belonging to 28 male
and 12 female adult cadavers were dissected. The age at
death ranged from 40 to 90 years (mean 74.5 years). All
the upper limbs were scar free and had no signs of trauma
or deformities. Limbs were maintained in a midprone
position during dissection. The study was conducted after
the approval from the Institutional Review Board.

A vertical incision was made extending 5 cm proximal to
the interepicondylar line to the wrist. A fasciocutaneous flap
was removed from the lower third of the arm to the middle
of the forearm. The radial nerve and its main branches were
dissected from the lateral intermuscular septum of arm to the
distal arcade of the supinator muscle. The lateral epicondylar
muscles were identified. The proximal and distal borders of
the superficial layer of supinator were defined, and the PIN
was dissected out carefully. All measurements were made
with a measuring tape. Measurements included distances
from the interepicondylar reference point and styloid process
of ulna to exit of PIN from supinator, and distance from the
origin of PIN to proximal border of the superficial layer of
supinator (arcade of Frohse). The length of the forearm and
the distance from the lateral epicondyle to the entry of PIN
at the arcade of Frohse were determined.

Other measurements included the distances from the radial
head to the entry and exit of PIN from supinator and the
distances from the radial head to the proximal and distal
borders of superficial layer of supinator. In addition, the
number of trunks of PIN, length of PIN within supinator,
and the branches to supinator were delineated.

Data were expressed as mean and standard deviation.
The data were analyzed by using paired ¢-test. SPSS,
version 16.0 software was used IBM Corp. Newyork, USA.

Results

The PIN was consistently identified in all 40 embalmed
cadaveric forearms. The distances of the PIN from
important adjacent anatomic landmarks like midpoint of
interepicondylar line (interepicondylar reference point),
ulnar styloid process, radial head, and proximal border of
superficial layer of supinator (arcade of Frohse) are shown
in Table 1.

The radial head can be easily identified, as it moves during
pronation and supination of the forearm. Distances from
the radial head to the proximal and distal borders of the
superficial layer of supinator offers surgeons a consistent
method of predicting the borders preoperatively before
making incisions to relieve compression in cases of
PIN entrapment [Table 1 and Figure 1]. There was no
statistically significant difference between the sides.

The distance between the tip of lateral epicondyle
and proximal border of superficial layer of supinator
muscle (distance AF) and the mean forearm length are
shown in Table 2.

The “ratio AF” was found by dividing the distance AF by
the forearm length (ratio AF = distance AF/forearm length).
Then, the mean value of the ratio AF was calculated. The
mean ratio AF may be used to predict the distance AF of
any upper extremity with a known forearm length. Thus,
the predicted distance AF of any upper extremity may be
found by multiplying its forearm length by the mean ratio
AF (predicted distance AF = measured forearm length x
mean ratio AF).

The PIN entered most commonly as a double
trunk [Figure 2]. Nine of the PIN dissected entered the
supinator muscle as a single trunk (22.5%) and 31 entered
as a double trunk (77.5%) [Table 2]. The course of the
PIN and whether the nerve supplied branches to supinator
before entering the muscle or after it entered the muscle
interstice were observed and shown in Table 3.

The length of PIN within supinator was found to be
48.35 £ 9.37 mm. The average number of total branches
supplying supinator was found to be 6.65 + 1.03,
the number of radial branches being 3.30 + 1.34 and
the number of ulnar branches being 3.35 + 1.46. The
type of exit of PIN — whether proximal to the distal
border [Figure 3] or at the distal border of supinator are
shown in Table 4.

Discussion

There are many studies describing the course and branches
of the PIN to the muscles of the forearm.”!" Palsies of the
PIN can develop after an unreduced radial head dislocation,
associated with proximal wulnar fractures, and with
anterolateral dislocations of the radial head.'"? Injury to the
PIN is a major potential complication of surgery involving
the proximal radius."*) The posterolateral or Kocher
approach, (Kocher, 1911), and the Thompson approach, are

Figure 1: Radial head and arcades of superficial layer of supinator
muscle. (a) Distance between head of radius and proximal border of
superficial layer of supinator muscle (b) Distance between head of radius
and distal border of superficial layer of supinator muscle. RH: Radial
head, SM: Supinator muscle, SR: Superficial branch of radial nerve, BR:
Brachioradialis
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Table 1: Parameters measured in the study in relation to the posterior interosseous nerve

Parameter Mean£SD (mm) Range (mm)
Distance from interepicondylar reference point to exit of PIN from supinator 88.87+11.98 67-109
Distance between styloid process of the ulna and exit of PIN from supinator 177.30+£15.27 154-205
Distance between origin of PIN and proximal border of superficial layer of 31.75+16.59 —25-50
supinator (arcade of Frohse)
Distance between PIN entry at proximal border of superficial layer of 25.25+5.91 11-37
supinator (arcade of Frohse) and radial head
Distance between PIN exit point from supinator and radial head 69.45+8.86 47-85
Distance between radial head and proximal border of superficial layer of 25.17+6.50 12-37
supinator (arcade of Frohse)
Distance between radial head and distal border of superficial layer of supinator 83.87+9.87 59-100
(-): Proximal to interepicondylar line. PIN: Posterior interosseous nerve, SD: Standard deviation
Table 2: Forearm length and distance AF

Parameter Mean distance+=SD (mm)

Total Males Females
Distance between the tip of lateral epicondyle and proximal 59.60+8.49 (50-74) 61+10.08 56.3£9.26
border of superficial layer of supinator muscle (distance AF)
Forearm length 258.12419.63 265.3+17.4 241.25+13.36
Ratio AF (distance AF/forearm length) 0.23+0.031 0.22+0.04 0.22+0.03

SD: Standard deviation, AF: Arcade of Frohse

Figure 2: Double trunks of posterior interosseous nerve. RN: Radial nerve,
PIN: Posterior interosseous nerve, SM: Supinator muscle, SR: Superficial
branch of radial nerve, DSM: Deep layer of the supinator muscle. Double
trunks of PIN (arrows)

two approaches used by surgeons for the proximal radius
but these interventions seem to place the PIN at risk of
injury.’"¥ In addition, repair undertaken for the rupture
of the distal biceps tendon can jeopardise the safety of
the PIN.I'BI Injury to the PIN is a known complication in
elbow arthroscopy.'!®1 Hence, it is imperative to visualize
and protect the PIN while performing surgical interventions
on the proximal radius.t"

Other causes of paralysis of PIN include neuromas,!™
schwannomas,?” traumatic aneurysms of the posterior
interosseous artery,?'! neurofibromas,”? and ganglion
cysts.?) Understanding the anatomical relationship between

Figure 3: Posterior interosseous nerve exiting proximal to the distal border
of superficial layer of supinator muscle. PIN: Posterior interosseous nerve,
SM: Supinator muscle. Distal border of superficial layer of the supinator
muscle (arrow)

the supinator muscle and the PIN is important to limit the
surgical morbidity when interventions are undertaken in
that area.”

Comparison between studies to locate the PIN
intraoperatively using certain anatomic landmarks is shown
in Table 5.

Calfee et al.V! found the PIN crossed the radius at a mean
of 4.2 cm (range, 2.5 to 6.2 cm) distal to the radiocapitellar
joint in neutral rotation. During pronation, the distance
increased to 5.6 cm (range, 3.1-7.4 cm) (P < 0.01) and
in supination, the distance decreased to 3.2 cm (range,
1.7-4.5 cm) (P < 0.01).
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Table 3: Trunks of posterior interosseous nerve and pattern of innervation of supinator muscle

Parameter Total, n (%) Right, n (%) Left, n (%)
Single trunk 9(22.5) 7 (35) 2 (10)
Double trunk 31(77.5) 13 (65) 18 (90)
PIN supplied supinator before entry into the muscle 12 (30) 4(20) 8 (40)
PIN supplied supinator as it travelled between its superficial and deep layers 28 (70) 16 (28) 12 (60)

PIN: Posterior interosseous nerve

Table 4: Type of exit of posterior interosseous nerve from supinator

Parameter

PIN exited proximal to the distal border of the superficial layer of supinator

PIN exited at the distal border of the superficial layer of supinator

Total, n (%)
37 (92.5)
3(7.5)

Right, n (%) Left, n (%)
18 (90) 19 (95)
2(10) 1(5)

PIN: Posterior interosseous nerve

Table 5: Studies showing the distances between the posterior interosseous nerve and adjacent landmarks (mm)

Duquin et al.* Present study (2018)
Distance from interepicondylar reference point to exit of PIN from supinator 90.21+15.61 88.87+11.98

Thomas et al.””! Present study (2018)
Distance between PIN and proximal border of superficial layer of supinator 36+7 31.75+16.59
(arcade of frohse)

Tubbs et al.*! Present study (2018)
Distance between ulnar styloid process and exit of PIN from supinator 180 177.30+15.27

Hazani et al.'® Present study (2018)
Distance between PIN entry at the proximal border of superficial layer of 35 25.25+5.91
supinator (arcade of frohse) and radial head
Distance between PIN exit point from supinator and radial head 74+4 69.45+8.86

PIN: Posterior interosseous nerve

In another study, Hohenberger et al.*! studied the distance
between the tip of the radial head and the PIN’s exit
point from the supinator during maximum supination and
pronation. It was found that the distance was significantly
shorter during supination in comparison to pronation.
With the lateral approach to the proximal radius, the
distance was found to be 60.3 mm during supination and
62.7 mm in pronation (P < 0.001). In the dorsal approach,
the distance was 60.2 mm during supination and 62.9 mm
in pronation (P < 0.001). In the present study, the distance
between the tip of the radial head and the PIN’s exit point
from the supinator in the midprone position of the forearm
was found to be 69.45 + 8.86 mm. Hence, supination
should be avoided during the lateral and dorsal approaches
to the proximal radius to protect the PIN.

High-resolution ultrasound can help in the rapid assessment
of the nerve in cases of posttraumatic radial nerve or PIN
palsy. The affected segment of the nerve is identified
by decreased echogenicity, change in caliber, or loss of
continuity of the nerve. Magnetic resonance imaging helps
in identifying soft-tissue details and in characterizing the
lesion.*”!

Knowledge of the trunks of PIN and branches of PIN as
it passes through the supinator muscle may be useful to
neurosurgeons during decompressive or neurotisation

procedures. Seradge et al.?® have reported a case in which
the PIN split, with half of the fibers exiting at the distal
border of the supinator and the other half exiting proximal
to the distal border. If the PIN entered the supinator as
two trunks, or branched and exited as two, both have to be
decompressed for complete relief of symptoms.

Tubbs et al.?” conducted a study on the branching pattern
of PIN to supinator in 52 cadaveric upper extremities
and their findings are compared with those of the present
study [Table 6].

Abrams et al.?” found a mean of 3.9 + 1.4 branches to the
supinator in a study of 20 cadavers, which is similar to the
present findings.

The number of trunks of PIN, its length within the
supinator, branches to that muscle and exit of PIN is
important to the anesthetist, while performing a regional
block of PIN for doing surgical exploration in the region of
the supinator muscle.*%

The function of the hand is impaired in lesions of the
lower brachial plexus. In C7 — T1 injuries, there is the
absence of finger flexion and intrinsic muscle control, as
well as thumb and finger extension.®!! Since the supinator
is innervated by the upper roots of the brachial plexus, it is
unaffected in lower brachial plexus palsy.’32 The motor
branches supplying supinator muscle could be transferred
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Table 6: Posterior interosseous nerve and the supinator muscle

Tubbs et al.'*! Present study (2018)

PIN entered supinator as single trunk 29 9

PIN entered supinator as double trunks 23 31

Distance between division of the radial nerve and 2.2 3.1
proximal border of superficial layer of supinator (cm)

Length of PIN within supinator (cm) 4 4.8

Average number of branches of PIN to the supinator 2.5 6.65

PIN exited proximal to the distal border of supinator 10 37

PIN exited at the distal border of supinator 42 3

PIN: Posterior interosseous nerve

directly to the PIN, without using a nerve graft, resulting in
a fair return of finger and thumb extension.!

Conclusion

The findings in the present study have documented many
potentially useful anatomic landmarks for locating the
PIN that can be used intraoperatively during the surgical
management of fractures of the proximal radius to avoid
iatrogenic injuries. Decompressive procedures undertaken
for entrapment neuropathies require intimate knowledge
of PIN anatomy. In addition, the findings on the branching
pattern of PIN to supinator muscle may be useful when
considering transfer of these branches to PIN for restoration
of hand function.

Financial support and sponsorship
Fluid research grant
Conflicts of interest

There are no conflicts of interest.

References

1. Calfee RP, Wilson JM, Wong AH. Variations in the anatomic
relations of the posterior interosseous nerve associated with
proximal forearm trauma. J Bone Joint Surg Am 2011;93:81-90.

2.  Thomas SJ, Yakin DE, Parry BR, Lubahn JD. The anatomical
relationship between the posterior interosseous nerve and the
supinator muscle. J] Hand Surg Am 2000;25:936-41.

3. Hackl M, Wegmann K, Lappen S, Helf C, Burkhart KJ, Muller P.
The course of the posterior interosseous nerve in relation to the
proximal radius: Is there a reliable landmark? Injury Int J Care
Injured 2015;46:687-92.

4. Han F, Lim CT, Lim JC, Tan BH, Shen L, Kumar VP. Deep
branch of the radial nerve in lateral surgical approaches to the
radial head — A cadaveric study. Orthop Traumatol Surg Res
2016;102:453-8.

5. Itamura JM, Papadakis SA, Ziv E, Vaishnav S, Roidis N. The
effect of radial osteotomy on the position of the posterior
interosseous nerve. J Hand Surg Eur Vol 2012;37:354-8.

6. Hazani R, Engineer NJ, Mowlavi A, Neumeister M, Andrew
Lee WP, Wilhelmi BJ. Anatomic landmarks for the radial tunnel.
Open Access J Plast Surg 2008;377-82.

7. Kamineni S, Norgren CR, Davidson EM, Kamineni EP,
Deane AS. Posterior interosseous nerve localization within the
proximal forearm — A patient normalized parameter. World J
Orthop 2017;8:310-6.

10.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Standring S. Gray’s Anatomy: The Anatomical Basis of Clinical
Practice. 41* ed. Philadelphia: Elsevier; 2016. p. 860.

Eversman WW Jr. Entrapment and compression neuropathies.
In: Green DP, editor. Operative Hand Surgery. 3 ed., Vol. 2.
New York: Churchill Livingstone; 1993. p. 1367-8.

Prasartritha T, Liupolvanish P, Rojanakit A. A study of the
posterior interosseous nerve (PIN) and the radial tunnel in 30
Thai cadavers. J Hand Surg Am 1993;18:107-12.

Fuss FK, Wurzl GH. Radial nerve entrapment at the elbow:
Surgical anatomy. J Hand Surg Am 1991;16:742-7.

Fernandez E, Pallini R, Lauretti L, Scogna A, Di Rienzo A.
Neurosurgery of the peripheral nervous system: The posterior
interosseous nerve syndrome. Surg Neurol 1998;49:637-9.
Crenshaw AH. Surgical techniques and approaches. In:
Canale ST, editor. Campbell’s Operative Orthopaedics. Vol. 9. St.
Louis: Mosby; 1998. p. 126-30.

Birch R, Bonney G, Dowell J, Hollingdale J. Iatrogenic injuries
of peripheral nerves. J Bone Joint Surg Br 1991;73:280-2.

. Kelly EW, Morrey BF, O’Driscoll SW. Complications of repair

of the distal biceps tendon with the modified two-incision
technique. J Bone Joint Surg Am 2000;82:1575-81.

Gupta A, Sunil Tm Tm. Complete division of the posterior
interosseous nerve after elbow arthroscopy: A case report.
J Shoulder Elbow Surg 2004;13:566-7.

Carofino BC, Bishop AT, Spinner RJ, Shin AY. Nerve injuries
resulting from arthroscopic treatment of lateral epicondylitis:
Report of 2 cases. ] Hand Surg Am 2012;37:1208-10.
Hoppenfeld S. Surgical exposures in orthopaedics: The anatomic
approach. Vol. 2. Philadelphia: J.B. Lippincott; 1994. p. 103-6.
Loh YC, Stanley JK, Jari S, Trail IA. Neuroma of the distal
posterior interosseous nerve. A cause of iatrogenic wrist pain.
J Bone Joint Surg Br 1998;80:629-30.

Cravens G, Kline DG. Posterior interosseous nerve palsies.
Neurosurgery 1990;27:397-402.

Dharapak C, Nimberg GA. Posterior interosseous nerve
compression. Report of a case caused by traumatic aneurysm.
Clin Orthop Relat Res 1974;101:225-8.

Lallemand RC, Weller RO. Intraneural neurofibromas involving
the posterior interosseous nerve. J Neurol Neurosurg Psychiatry
1973;36:991-6.

Bowen TL, Stone KH. Posterior interosseous nerve paralysis
caused by a ganglion at the elbow. J Bone Joint Surg Br
1966;48:774-6.

Duquin TR, Chavan PR, Bisson LJ. Innervation of the supinator
muscle and its relationship to two- incision distal biceps tendon
repair: An anatomic study. Clin Anat 2010;23:413-9.

Tubbs RS, Salter EG, Wellons JC 3%, Blount JP, Oakes WI.
Superficial surgical landmarks for identifying the posterior
interosseous nerve. J Neurosurg 2006;104:796-9.

Journal of the Anatomical Society of India | Volume 70 | Issue 2 | April-June 2021 73



26.

27.

28.

29.

74

Jacob and Isaac: Posterior interosseous nerve

Hohenberger GM, Schwarz AM, Maier MJ, Grechenig P, Dauwe J,
Grechenig C, et al. Safe zone for the posterior interosseous nerve
with regard to the lateral and posterior approaches to the proximal
radius. Surg Radiol Anat 2018;40:1025-30.

Agarwal A, Chandra A, Jaipal U, Saini N. A panorama of radial
nerve pathologies — An imaging diagnosis: A step ahead. Insights
Imaging 2018;9:1021-34.

Seradge H, Tian W, Baer C, Seradge A. The posterior interosseous
nerve anatomical variation and surgical consideration — A case
report of cadaver study. Hand Surg 1999;4:91-4.

Tubbs RS, Mortazavi MM, Farrington WJ, Chern JJ, Shoja MM,
Loukas M, et al. Relationships between the posterior interosseous

30.

31.

32.

nerve and the supinator muscle: Application to peripheral nerve
compression syndromes and nerve transfer procedures. J Neurol
Surg A Cent Eur Neurosurg 2013;74:290-3.

Abrams RA, Ziets RJ, Lieber RL, Botte MJ. Anatomy of the
radial nerve motor branches in the forearm. J Hand Surg Am
1997;22:232-7.

Bertelli JA, Kechele PR, Santos MA, Besen BA, Duarte H.
Anatomical feasibility of transferring supinator motor branches
to the posterior interosseous nerve in C7-T1 brachial plexus
palsies. J Neurosurg 2009;111:326-31.

Henry A. Extensile Exposure. London: Churchill Livingstone;
1973. p. 113-5.

Journal of the Anatomical Society of India | Volume 70 | Issue 2 | April-dJune 2021



- Original Article

A New Method in Anatomical Education of Medical Faculty: Storytelling

Abstract

Introduction: The difficulty to learn anatomy makes it crucial to find the best way to effectively
transfer the anatomic knowledge from educators to students. Stories can be used as an advantageous
tool, which makes information more rememberable by stimulating cognitive behavior. Material and
Methods: In order to determine the efficiency of the storytelling technique on the effects of grade
point average in the anatomy session, stories were told to term II medical students (n = 132) at the
end of the theoretical neurological lesson. A questionnaire with 12 questions was distributed to the
students belonging to the pilot study. Grade point average, as well as gender and age (mean: 19.95
+ 0.995) of the students was the other parameters. Results: More than 90% of the students agreed
that storytelling helps them to understand the subject and more than 70% of the students agreed
that storytelling helps them to gather their attention. Furthermore, the statistical comparison with
the previous 2 years demonstrated that the grade point average of the storytelling years was higher
than the others. Discussion and Conclusion: Therefore, we believe that incorporating a storytelling
learning style into the traditional anatomy curriculum, will be advantageous for education and will
have a positive effect on the grade average. If we are able to revive the story in the minds of the
students, we think that the lessons will be more permanent in their memory.

Keywords: Anatomy, medical education, storytelling

Introduction

Anatomy is a primordial education for
medical schools, as it is accepted as a core
course for all other subsequent medical
courses. Hence, the anatomy curriculum
is usually taught as a combination of
theoretical courses and laboratory sessions.
As the part of understanding anatomy,
appreciation of the architecture of the
human body, interpretation of clinical
images, effective physical examination;
topography of the organs and its variations
are indispensable topics of knowledge
for the medical student. Due to the large
volume of participants presented in
anatomy courses as well as due to the
utilization of Latin terminology during
teaching, students usually adopt a strategy
of superficial learning. Superficial learning
strategies negatively impact the retention
of anatomic knowledge and usually much
of the anatomic knowledge is not retained
after the examinations. In fact, it is known
in the literature that 25% of the knowledge
can be lost after only 1 year.'? “Therefore,
evaluation of knowledge retention could

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

elucidate the most effective methods of
teaching basic sciences such as anatomy to
ultimately increase the clinical acumen.”™

The successful anatomy course contributes
to a successful achievement of academic
learning, as it constitutes the infrastructure
of the other courses in medical sciences.
Hence, anatomy education is usually a
combination of theoretical lectures and
dissection sessions. When we consider
the difficulty of learning anatomy, it
will be important to find the best way to
transfer effectively the knowledge from
the educators to students. Preservation
of knowledge depends on intelligence as
well as on learning strategies. Different
approaches to teaching anatomy are being
used around the world, but the best way
would be to implement a technique that
allows longer retention of the knowledge in
the student’s mind. In this sense, stories are
advantageous tools, which use both visual
and auditory learning styles. Thus, it can
be said that stories can stimulate cognitive
behavior. According to Uri Hasson, a
story is the only way to activate the
certain parts of the brain and thus it makes
information more rememberable, because it
has the effect that listeners plant the ideas
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presented in the stories into their minds, and hence, they
involve the story in their life experience.l**! Unfortunately,
storytelling is not yet a method which is frequently used in
medical schools. By referring to the literature, storytelling
reflects the teacher’s enthusiasm and evokes interest in
the subject by the students who implement the story in
their lives. Furthermore, as the chosen subject becomes
more meaningful, storytelling can be an important way to
improve satisfaction and to reflect learning in students.!®!

Therefore, it seems that combining multiple pedagogical
techniques which complement each other can be beneficial
in teaching modern anatomy.” Furthermore, we think
that storytelling will be more permanent as it affects the
cognitive features of the brain. Teaching the anatomy course
by incorporating it to their daily life could also stimulate an
empathic response in students. In this context, hypothesis
was that if storytelling is more rememberable and can also
activate the brain, then it may also increase the performance
of the students during examinations [Figure 1]. Hence, to
improve the understanding of the anatomy lesson, we aim
to determine the efficiency of the storytelling both in the
satisfaction of the medical students and also in their grade
point average as an academic success indicator.

Material and Methods

This study was approved by the Deanery of the Faculty
of Medicine of the University. The participants of
the study were Term II students of Medical faculty.
Sixty-six girls (50%) and 66 boys (50%) participated
in the questionnaire. The mean age of the students was
19.95 £ 0.995 [Table 1].

The storytelling technique was used at the end of the
lessons of the Neurological System Committee to the term
2 students belonging to the Faculty of Medicine. Stories
were prepared by faculty members and researchers of the
Department of Anatomy. Participants were repeated with
storytelling technique after the theoretical course. The
Evaluation of Storytelling Agreement Scale Questionnaire
for Learning Anatomy was applied to determine the
effectiveness of the technique as well as the satisfaction
level of the students. The questionnaire consisted of 12
Likert type questions with an agreement scale between 1
and 5 [Table 2]. The scale score of 1 signified disagreement
with the statement and 5 signified complete agreement with
the statement. Furthermore, in order to understand and
highlight the personal idea of the students, an open-ended
question was also included in the questionnaire. In
addition, to determine the effect of the storytelling in the
grade average of students, neuroanatomy examinations
score of 3 consecutive education years of term 2 students
was compared. The collected data were analyzed under the
IBM SPSS 22.00 Statistical Package (IBM SPSS Statistic
for Windows 22.00, NY, USA) software. The descriptive
statistics of the collected data were evaluated. Chi-square
and Spearman correlation test were used to assess whether

there was a relationship among gender and age with
agreement score of the questionnaire. Hence, statistical
analyses of the agreement score demonstrated that there
was no statistical difference between agreement score
related to gender and age (P > 0.05). Mann—Whitney U-test
was used to analyze the term 2 students’ grade average
belonging to the academic years of 2015-2016, 2016-2017
without applying storytelling and the term 2 students of the
academic year 2017-2018 where storytelling was applied.

Results

The statistical analyses of the agreement score with gender
and age of the term 2 students demonstrated that there was
no statistical difference between agreement score relation to
gender and age (P > 0.05).

The distribution of the agreement score percentages is
described in Table 2. The table demonstrates clearly a high
percentage of students who were strongly in agreement or
have completely agreed with the storytelling technique.
More than 90% (Q7) of the students strongly or completely
agreed with the fact that visual components increase
the efficiency of the storytelling and it helps them in
understanding the anatomy topics. Once more, 90% (Q11)
of the students strongly or completely agreed that
storytelling was helpful to understand the lectures related
to classical theoretical anatomy lesson. Furthermore, more
than 70% (Q4, QS5) of the students strongly or completely
agreed with the fact that storytelling helps them to gather
their interest and attention regarding the lesson and leads

Table 1: Statistical analysis of the agreement score with
gender and age of the term 2 students

Term I Mean values/ Agreement P
students number score
Gender 66 males 49.64+7.024 0.147
66 females 51.73+6.024
Age 19.95+0.995 50.68+6.602 0.861
cc=—0.016
LISTENER STORYACTIVATES
EXPERIENCES THE THE BRAIN AND
STORYINHIS LIFE THEN EMOTIONS
LEAD TORELEASE
DOPAMIN
DOPAMIN HELPS TO
STORY IS TOLD REMEMBER EASILY
STOREDMEMORIES
i .
KNOWLEDGE RETENTION LEADS TOHIGHER
G GE

Figure 1: Effect of the storytelling on the stored memories
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them to listen to the lessons until the end. Furthermore,
more than 70% (Q12) of the students did not agree with
the idea that storytelling lowers the value of the anatomy
lesson. The most commonly encountered answer of the
open-ended question was that the storytelling technique
needs to be applied to other wide curriculum lessons as
well as like histology and embryology.

Table 3 represents the mean grade average of term 2
students belonging to academic years of 2015-2016 and
2016-2017 (the periods where storytelling techniques were
not applied) and also the term 2 students of 2017-2018
academic year (where storytelling was applied). No
statistical difference was found between the academic
periods of 2015-2016 and 2016-2017 (P = 0.779)
where storytelling was not applied during their anatomy
education. However, a statistically significant difference
was found between the grade average of the term 2
students with storytelling compared to other groups without
storytelling (P = 0.026; P = 0.017).

Discussion

The preparation of our stories was especially based on the
special anatomical topics that cannot remain in the mind
or be easily recalled with the traditional teaching methods.
The teaching topics were chosen from daily life with a
funny story to capture the students’ attention. According

to Neuhauser, as the stories become more rememberable,
funny and believable, then they could be more effective as
educational tools for teachers.'! The believability is related
to the fact that stories are involved in real-life human life
experiences. Stories make information more rememberable
because they get us involved in the actions and intentions
of the characters. Creating a story based on the anatomical
lesson related to human life could stimulate the empathic
response of the students. Particularly, the specific situations,
the small details, the vivid images of human experience
enhance the capability to memorize and to recall the
information more easily. Therefore, educational programs
that focus on the diversity and the capacity for perspective
could benefit from this technique.®

As anatomy is a critical course for doctors to practice
medicine safely, anatomy courses need to be attractive
and rememberable. In a study conducted to facilitate
the comprehension of the anatomy, a different teaching
approach has been applied to 1%-year medical students
by anatomy teachers. They applied simultaneous sketch
drawing, as an interactive learning technique. As a result,
more than 80% of the students agreed with the fact that
learning anatomy concepts with this method is simpler.
They preferred to attend these anatomical classes and
found that this class was less boring as compared to
classical teaching. These students also found that sketching

Table 2: Evaluation of storytelling agreement scale questionnaire for learning anatomy

Agreement score Disagree (%)  Slightly Moderately Strongly Completely
agree (%) agree (%) agree (%) agree (%)

1 2 3 4 5

Q1: Storytelling is a good teaching method 0 0 10.6 40.2 49.2

Q2: Storytelling is helpful to explain the anatomy topics 0 1.5 11.4 37.9 49.2

Q3: Storytelling technique is helpful for understanding the subject 0 2.3 6.8 40.2 50.8

Q4: Storytelling technique helps to listen until the end of the lesson 0.8 3 18.2 27.3 50.8

Q5: Storytelling technique attracts my interest and helps me to 0.8 3 16.7 26.5 53

gather attention more easily

QO6: Listening to the lesson described by storytelling technique is 1.5 8.3 22 30.3 37.1

more effective than reading the book

Q7: Storytelling technique can be more effective if it is supported 0 1.5 3.8 18.2 76.5

by visual items

Q8: Telling lessons by the classical theoretical method is more 26.5 31.8 22.7 9.8 7.6

effective than storytelling technique

QO9: Storytelling technique accelerates the anatomy learning process 0 3 18.2 40.9 37.9

Q10: Storytelling technique gives me a new perspective on how to 2.3 9.8 242 273 34.1

study

Q11: Storytelling technique supports by classical theoretical method 0.8 1.5 6.8 31.1 59.1

Q12: Storytelling technique decreases the value of the lesson 73.5 15.9 1.5 1.5 7.6

I think that storytelling the lesson is

Table 3: Comparison of the grade average of the neuroanatomy examination scores among 3 consecutive years

Education years

Grade average (n=132), mean+SD

2015-2016 (P) 2016-2017 (P)

2015-2016 (without storytelling)
2016-2017 (without storytelling)
2017-2018 (with storytelling)

58.23+25.589
57.18+27.164
62.06+30.06

- 0.779
0.779 -
0.026 0.017

SD: Standard deviation
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was a good method for learning anatomy in-depth. Also,
more than 60% of the students agreed with the idea that
sketching anatomical figures simultaneously with the
professor helped them to learn anatomical concepts more
easily. They also found that sketching makes anatomy more
attractive as a subject and thus it has reduced the time for
learning.”! Similar to this study, when the agreement scale
was analyzed, it was observed that more than 90% [Table 3,
Q7] of the students strongly or completely agreed with the
fact that visual components increase the efficiency of the
storytelling and they help them to understand their anatomy
course. Once more, 90% [Table 3, Q11] of the students
strongly or completely agreed that storytelling was helpful
for understanding the anatomy lectures. Furthermore,
more than 70% [Table 3, Q4-Q5] of the students strongly
or completely agreed with the fact that storytelling helps
them to gather their interest and attention about the
lesson and leads them to listen to the lessons until the
end. Furthermore, more than 70% [Table 3, Q12] of the
students did not agree with the idea that storytelling lowers
the value of the anatomy lesson. The most commonly
encountered answer to the open-ended question was that
the storytelling technique needs to be applied to other
wide curriculum lessons such as histology and embryology.
In addition, gender and age of students were the other
parameters which were analyzed statistically [Table 1].
The answers’ scale score of the questionnaire was
analyzed with the agreement score. The fact that there
was no statistically significant correlation between these
data (P > 0.05) showed that the gender or the age of
the student did not influence the anatomical storytelling
technique; thus all the students were satisfied with this
new educational technique. Furthermore, the grade average
of the term II students (2017-2018 education year) with
storytelling was higher than term II students of previous
years without storytelling. In this context, storytelling
can make the subject more rememberable, as it activates
the parts of brain and involves the subject in the life of
students. Hence, this can increase the knowledge retention
and therefore can lead to a higher-grade point average. In
another study, Kieser et al. used spontaneous storytelling
in problem-based learning in clinical anatomy teaching in
half of the 3"-year dentistry class. For the purposes of the
study, they explained the chosen lesson in two ways. One
group was lectured by the storytelling method and the other
group was taught with the classical theoretical method.
They encountered positive feedback, as the satisfaction
was higher with students “with stories” than those “without
stories.” They define that “factor analysis provides evidence
that storytelling nurtures reflective learning, while students
work on their clinical anatomy problems.”

Another method used to teach anatomy is the utilization
of interactive computer programs. Interactive computer
programs have been designed to allow the student to learn
anatomy independently, but we thought that the cooperation

of the teacher to teach anatomy using interactive methods
will enhance the learning ability of the students. A study
was attempted to define the best way to teach anatomy
to medical students and they determined as a result that
cadaver dissection accompanied by three-dimensional (3D)
computerized programs was the best way to teach anatomy.
Hereby, only the 3D computerized program alone was
not enough to understand the anatomy. They stated that
the imaging structures cannot fully replace the concept of
direct contact with tissues and other anatomical elements
and they suggested to involve the best association teaching
models as a complement of each other.!'” It is accepted
that conducting a dissection in a laboratory environment
involves active student participation, and thus represents
the main means of highlighting the anatomical formations.
But the dissection activity cannot always be conducted
by all the students at the same time considering the high
number of medical students. For this reason, we suggest
applying the storytelling technique during theoretical
lessons to a large group of students at the same time and
to subsequently consolidate the lesson with dissection.
Moreover, it will be possible to improve students’ active
participation in storytelling during anatomical lessons.

To improve anatomy learning, several teaching methods have
been used by different faculty. For example, McMenamin
incorporated the painting technique during teaching anatomy.
By painting the body with nontoxic paints, the researcher
integrated clinical skills with the teaching sessions, which
included clinically important aspects of the musculoskeletal
system, the respiratory system, the head and the neck.
They stated that adding body painting as a tool in clinical
anatomy teaching will consolidate the surface anatomy and
clinical skills teaching.!'l Another different technique to teach
anatomy is the peer-teaching method. Peer teaching is the
way to transfer some basic lecture from senior students to
classmates or underclassmen, in other words, some students
take on a teaching role to share their knowledge with other
students. The peer teachers and all other students in class start
their learning course from the beginning in accordance with
their capabilities and provide cognitive harmony. Cognitive
harmony allows more appropriate level explanations during
teaching. Furthermore, peer teachers have the opportunity to
enhance their communication skills and their public speaking
abilities.l"! Therefore, peer-teaching was described as a useful
program and students defined that it fulfills their aims of
providing an effective environment for developing deeper
learning in anatomy.!'*!1 Furthermore, incorporating the peer
teaching in the classical anatomy curriculum can provide
an effective method for a perfect anatomy teaching.'! In
future, it will be useful to apply the storytelling method by
peer-teaching in anatomy education.

Conclusion

Multiple teaching techniques have been used in medical
schools to promote a deep knowledge of anatomy and to
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improve understanding of the subject. The chosen teaching
approach needs to help the anatomy teachers to constitute
an adequate curriculum with their students and also the
approach needs to be suitable for students. Therefore,
incorporating anatomy storytelling technique into the
traditional anatomy curriculum will be advantageous for
anatomy education and it will enhance the fundamental
knowledge which needs to be recalled throughout the
educational and professional life of the student. In addition,
storytelling enhances knowledge retention which leads
to a higher-grade average. Furthermore, completing the
storytelling with visual effects will be more efficacious for
teaching anatomy.

Story example 1: Thalamus

The Thalamus Wedding Salon consists of three main
divisions. A long corridor named internal medullary
lamina, splits the salon into the anterior, medial and
lateral compartments. In the middle of the Thalamus
Salon, there is a pillar called interthalamic adhesion
that connects the right and left Thalamic Salon. In the
anterior part of the Thalamus Wedding Salon there
are 3 tables named anterodorsal (where the groom is
sitting), anteromedial (where the bride is sitting) and
anteroventral (where the mother-in-law is sitting) nuclei.
As the mother-in-law is sitting on the anterior part of
the Thalamus Wedding Salon, spontaneous attention and
memory recognition functions are very active in this
part (She can remember who brought which present).
While the bride spreads both the sense of fear (due to the
mother-in-law) and joy (due to her spouse), the groom
spreads the sense of excitement. If an incident damages the
mother-in-law, then Amnesia will occur in the anterior part
of the Thalamus Wedding Salon....

Story example 2: Median nerve versus ulnar nerve

One day in the brachial plexus ulnar nerve challenged
the median nerve. Who will innervate more muscles in
the upper extremity. The race starts. Upon arriving to
brachium, they realized that musculocutaneus nerve has
already innervated the anterior part and decided to take
different paths. While the median nerve took the fossa
cubiti path, ulnar nerve went through groove for the ulnar
nerve. Then median nerve squeezed through two heads of
pronator teres muscle and relieved, no muscle in anterior
antebrachium was taken yet. It took the middle lane and
innervated as many muscles as possible. Then, the ulnar
nerve reaches the backside of the antebrachium and shocked
upon the scenery. The posterior part of both brachium and
antebrachium was taken by the radial nerve. However, the
race was not over yet. The ulnar nerve took the medial lane
and innervated the flexor carpi ulnaris muscle and medial
half of the deep digital flexor muscle. It was a start none the
less. The race in the antebrachium was won by the median
nerve but the hand has not been concluded yet. The ulnar
nerve saw that the median nerve is trying to get through

carpal tunnel which is under the flexor retinaculum. Ulnar
nerve found a faster route with less traffic and went over
the flexor retinaculum. With the happiness of reaching the
hand before anyone, the ulnar nerve innervated most of the
hand muscles. Then, the median nerve reaches the hand and
got surprised. Most of the hand muscles were already taken
either by ulnar nerve or radial nerve. Then, it realized that
no one reached the thumb yet. As a last effort median nerve
innervated abductor pollicis brevis muscle, superficial head
of flexor pollicis brevis muscle, opponens pollicis muscle
and the first and the second lumbrical muscles. The race on
the hand was won by the ulnar nerve.

Story example 3: Oculomotor nerve

Oculomotor nerve has bought itself a tiny flat from the
upper floors of the famous housing estate mesencephalon.
The name of the flat was oculomotor nucleus. Having only
little amount of money it could only afford a two-room flat.
Hence, it put his parasympathetic neurons in one room and
somatic motor neurons on the other. Every morning axon
bundles from both rooms left the mesencephalon and met
at the cafe interpedincular fossa and formed oculomotor
nerve. Oculomotor nerve would then take the bus named
cavernous sinus. It liked the front seat and always sits
by the window. Hence, it would travel on the lateral
wall of the cavernous sinus. After getting off of the bus,
it went through a tunnel called a superior orbital fissure.
Then, it separated into two braches called superior ramus
and inferior ramus to finish things faster. Superior ramus
was thinner, so it climbed over the optic nerve, crossed
it superiorly and reached superior rectus muscle and
superior levator palpebrae muscle. Inferior ramus, on the
other hand, stood on its way and visited the medial rectus
muscle, inferior rectus muscle, inferior oblique muscle, and
ciliary ganglion.
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Omega Sign: An Indicator of Motor Hand Area on Cerebral Hemisphere

Abstract

Introduction: With advances in the field of technology microneurosurgery is performed with the
use of transcisternal, transfissural, and transsulcul approaches, where sulci present on brain are used
as fundamental landmarks. Detailed knowledge of various cerebral sulci and gyri is also essential
for neuroimaging techniques. Often neurosurgeons need to work in the central lobe to approach
the cortical or subcortical lesions. The aim of the study was to identify and locate omega sign on
the precentral gyrus as an indicator of hand area and to provide anatomical basis for the surgical
landmark on the cortical surface. Material and Methods: Fifty-five cerebral hemispheres were
studied in the Department of Anatomy. On the superolateral surface, the central sulcus, pre- and
post-central gyri were identified. On the precentral gyrus, the presence of omega sign was observed.
When present the height of the omega sign, width at the base, its distance from superior and inferior
Rolandic point was noted. Data collected were statistically analyzed using SPSS version 25.0
software. Results: We observed the presence of omega sign in 26 hemispheres (47.27%). The
average height of omega was 9.31 + 2.94 mm, average width at base was 16.03 + 3.34 mm. Distance
from the superior Rolandic point was 27.53 + 7.05 mm, while from inferior Rolandic point, it was
52.55 + 7.8 mm. Discussion and Conclusions: Although technology offers modern intraoperative
localization tools such as MRI and neuronavigation, anatomical knowledge is important for the

surgical planning.

Keywords: Cerebrum, motor hand area, omega sign, sulci and gyri

Introduction

With advances in the field of technology,
microneurosurgery is performed with the
use of transcisternal, transfissural, and
transsulcul approaches. For which the sulci
present on the surface of brain are used
as fundamental landmarks. The detailed
knowledge about the shape, position, and
form of various cerebral sulci and gyri
is essential for neuroimaging techniques.
They also serve as a guide to a particular
functional area during the surgery.!'! Many
times the neurosurgeons need to work in
the central lobe to approach the cortical or
subcortical lesions. Even though modern
technology like  magnetic  resonance
imaging (MRI) 1is available, detailed
knowledge about the anatomy of sulci and
gyri is important to plan a surgery.”

On the superolateral surface of cerebrum,
the region formed by precentral gyrus and
postcentral gyrus is known as central lobule.
It is bounded anteriorly by precentral sulcus
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distributed under the terms of the Creative Commons
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allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
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and posteriorly by postcentral sulcus.
Inferiorly, it is bounded by lateral sulcus
and superiorly by the upper margin of the
cerebrum. !

Various methods have been used to identify
the motor hand area on precentral gyrus by
various authors to help the neurosurgeons.
When observed on the surface, the motor
hand area is present where the superior
frontal sulcus meets the precentral
sulcus (at the same sagittal plane on the
precentral gyrus). In another method, the
precentral knob can be localized in the
form of the Greek letter inverted omega in
the axial plane. Direct electrical stimulation
and the functional MRI (fMRI) studies have
confirmed the presence of the motor hand
area in the superior part of the precentral
gyrus.

Although variation in anatomy of sulci and
gyri is observed commonly, it is a known
fact that anatomically constant sulci are
topographically related to more specialized
areas.!!! During surgery, due to the presence
of arachnoid mater, it may sometimes be
difficult for a surgeon to understand the
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Figure 3: Distance of omega sign from other landmarks. C (Yellow
line) — Distance between superior rolandic point and omega sign. D (Blue
line) — Distance between inferior rolandic point and omega sign

anatomy of sulci and gyri. The variability of these sulci
is well known. Therefore, neurosurgeons need multiple
methods, such as identification of landmarks, some

morphological and morphometric methods, to identify the
sulci and gyri in this region. Although various techniques
have been used including intrasurgical electrical stimulation
for the identification of central region structures, researchers
agree that additional landmarks for mapping of the motor
cortex are always useful.l”!

With newer microsurgical techniques, and due to advances
in the field of neuroradiological and neuroanesthesia in
addition to good monitoring techniques during and after
surgeries, many of the lesions located in the central sulcus
region can be safely approached surgically and cured
if the removal is based on anatomical data and refined
microsurgical technique.®’ When the normal cerebral
anatomy is distorted, identification of structural landmarks
such as omega sign is important, with the help of which
the central sulcus can be identified through MRI imaging.[®
Many scientists have described a hook-shaped hand area
present in upper part of precentral gyrus.!!

Material and Methods

After performing the craniotomy, dura mater was removed,
and the brain was removed carefully. It was fixed in 10%
formalin. Coverings of the brain and blood vessel were
removed carefully. Fifty-five cerebral hemispheres (25
complete brain and five half brain) (right — 28, left — 27)
were studied in the Department of Anatomy.

On the superolateral surface, the central sulcus, pre- and
post-central gyri were identified. On the precentral gyrus,
the presence of knob-like structure (omega sign) was
observed in each the hemisphere [Figure 1]. If present, the
height of the omega sign was measured form its base to
the apex. Width at the base was measured as the maximum
distance at the base of the knob [Figure 2]. Distance of
the omega from the medial longitudinal fissure (Superior
Rolandic point) and from the lateral sulcus (Inferior
Rolandic point) was noted [Figure 3]. Data collected were
statistically analyzed using SPSS version 25.0 software
(C-Dot System Pvt. Ltd, Pune, India).

Results

After  studying 55  cerebral = hemispheres, we
observed the presence of omega sign in 26
hemispheres.  (47.27%)  (right — 12 [42.85%)],

left— 14 [51.85%]). Bilateral presence was noted in seven
brains out of 25 complete brains observed.

The average height of omega was 9.31 £ 2.94 mm (range:
3.3-13.93 mm), the average width at the base was
16.03 + 3.34 mm (range: 11.1-23.44 mm). Its distance from
the superior rolandic point was 27.53 + 7.05 mm (range:
17.87-39.23 mm), while from inferior Rolandic point was
52.55 +£ 7.8 mm (range: 32.63—-65.84 mm) [Table 1].

Discussion

On the superolateral surface of cerebrum, central sulcus
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Table 1: The morphometric measurements of omega sign

Height of omega (mm) Width of omega at Distance from the superior Distance from the inferior
base (mm) Rolandic point (mm) Rolandic point (mm)
Right (n=12) Left (n=14) Right(n=12) Left (n=14) Right (n=12) Left (n=14) Right (n=12)  Left (n=14)
Average 9.17 9.46 14.88 17.73 28.52 26.54 52.13 52.98
SD 2.5 3.44 2.49 3.62 8.17 5.93 7.88 8.18
Range 5.17-12.91 3.3-13.93 11.1-18.44 12.68-23.44 19.4-37.67 17.87-39.23 32.63-65.84 42.36-63.45

SD: Standard deviation

is observed as one of the most important and consistent
landmarks. As it descends down, it separates motor and
sensory areas. It also forms the boundary between frontal
and parietal lobes. Traditionally, three different curves or
genua have been described along its course giving it an
“S-shaped appearance. The superior and inferior genua
show convexity forward while the middle one, the deepest
curve shows concavity forward. Thus, the middle curve
resembles an inverted Greek letter omega.!®

During 5" and 6" month of intrauterine life, the central
sulcus appear in two parts, upper and lower, which usually
coalesce shortly afterward, although they may remain
discontinuous.”’ Alkadhi and Kollias.'” suggested that, as
the two sulci fuse with each other, the intervening eminence
gets undermined (borne down) into the sulcus. Thus, the
intervening portion is never entirely obliterated but can
be discerned in the bottom of the sulcus. This is the pli de
passage fronto-parie tal moyen (PPFM) described by Brocal'!!
or deep annectant gyrus described by Cunnigham.!'”

Hopkins et al.™ in their study of evolution of central
sulcus morphology in primates have shown that the
surface area, shape, and folding pattern of the central
sulcus changed during Old World anthropoid primate
evolution. This probably reflects the increasing importance
of somatosensory and motor integration of hand functions.
They also observed that, as brain size increased, folding in
the central sulcus had to accommodate the increasing size
of the PPFM, leading to the anatomical formation of the
motor-hand area or Knob, seen on the cortical surface of
the central sulcus.[*!

In their study of fMRI, Yousry et al.’! defined the motor
hand area in the axial plane as a knob-like, broad-based,
posterolaterally directed structure of the precentral
gyrus, which was inverted omega shape and sometimes
a horizontal epsilon shape. They observed sites of signal
intensity changes located in the precentral gyrus in 11
hemispheres out of 28 they studied (39.29%). With
MRI, they detected the knob-like structure was in all 59
hemispheres examined in the axial plane. Caulo et al.l'Y in
their MRI study observed omega sign present in 78.2%.

The knob on the precentral gyrus was mainly formed by
two sulci perpendicular to the central sulcus. These sulci
were more prominent at deeper levels of the central sulcus
and become smooth or even disappear on the cortex.¥ Due
to this sulcal configuration, Rodrigues et al observed

that, on direct cortical inspection sometimes, it was difficult
to identify the presence of the knob on the precentral
gyrus. Thus, they also noted the difficulty in finding the
knob even if it was obvious on axial imaging (showing the
omega sign).[¥

In their cadaveric study, it was found that the knob on the
precentral gyrus, which represents the motor hand area, was
present in 64 out of 82 hemispheres (78.05%)."1 While in
our study of cadaveric cerebral hemispheres, we observed
it in 47.27% of the hemispheres studied.

After studying ten cadaveric cerebral hemispheres,
Campero et al'® noted that the average height of omega
was 11.2 + 3.35 mm and width at the base was 18.7 + 2.49
mm. In the present study, the average height of omega was
9.31 £ 2.98 mm (range: 3.3-13.93 mm), the average width
at the base was 16.03 + 3.34 mm. Rodrigues et al.*! noted
average height of omega as 6.49 mm and average width as
17.66 mm. As majority of the individuals are right handed,
height and width at the base of omega on the left side
were expected to be larger than the right, but in the present
study, the difference was statistically not significant. It
might surface with a study with larger sample size.

The point where the central sulcus meets the
interhemispheric fissure (superior longitudinal fissure)
is known as superior Rolandic point. It lies about 5 cm
behind the bregma, which is approximately 12 cm posterior
to the nasion. The meeting point of the central sulcus with
the Sylvian fissure is known as inferior Rolandic point,
real, or projected.”!

Campero et al!® observed the average distance between
the medial edge of the hemisphere and the medial limit
of the omega as 24.5 + 5.35 mm. Rodrigues et al.¥! noted
it as 20.617 mm and 18.633 mm on the right and left
hemisphere, respectively. While in the present study, it was
28.53 mm ion the right side and 26.55 mm on the left side.

In a cadaveric study of 82 hemispheres by Rodrigues
et al.™ the average distance of the knob on the precentral
gyrus to the posterior ramus of the lateral sulcus was
observed as 41.529 mm and 41.166 mm on the right and
left hemisphere, respectively. In the present study, it was
52.13 mm and 52.98 mm, respectively. The difference can
be attributed to the study population being different.

In recent years, different intraoperative monitoring methods
have been often used. While operating on central sulcus
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lesions generally, direct cortical stimulation, phase reversal
technique, and subcortical stimulation are used.”! Rodrigues
et al™ suggested a combination method of anatomical
landmarks along with morphometric measures to improve
the accuracy along with the multimodality.

Rodrigues et al.™ observed that it was difficult to find the
knob present on the precentral gyrus even if it was obvious
on axial imaging showing the omega sign. They therefore
highlighted the importance of the morphometric data,
various distances from the fixed points such as superior and
inferior Rolandic points. Yousry et al.®) also suggested the
use of morphometric data for localization of the hand area
intraoperatively.

Conclusion

Omega sign was observed on the precentral gyrus in
49.56% of cerebral hemispheres studied in the present study.
Bilateral presence was observed in 28%. The morphometric
data from the cadaveric study will be useful as an additional
tool for locating the knob on the precentral gyrus for
neurosurgeons. Variations in the gyral pattern are of interest
for anatomists too.
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- Original Article

An Analysis of Arches of the Foot: Grading the Severity of Pesplanus and
Pescavus using a Newly Designed Podoscope and Parameters

Abstract

Introduction: The aim of this study was to establish a new grading system of pesplanus (PP) and
pescavus (PC) based on the severity by a newly proposed parameter plantar surface area (PSA)
using a newly designed podoscope device. Material and Methods: A total number of 416 healthy
participants; 208 men and 208 women aged 21-50 years were included in this study. Plantar surface
images were obtained from the podoscope and measurements were made by using the newly proposed
parameter and existing parameter. Statistical analysis was conducted using the SPSS Statistical
software (version 16.0) and executed at 95% confidence interval. Mean and standard deviations
were observed by using the descriptive analysis. The Chi-square test has been performed to find
the association, dependency, and validity. Results: The analysis of the present study encompasses
the grading system of “PP and PC” and also developed a classification system with three grades in
PP and PC. This grading system will be a substantiate assessment tool for the diagnosis and also to
record the prognosis during the treatment of PP and PC. Discussion and Conclusion: The present
study has developed a newly designed podoscope and established a newly proposed parameters
PSA index and analyzed the prevalence of normal, PP and PC. In this study, gender wise normative
value for new parameters PSA index was proposed under the influence of height and foot length.
According to our knowledge, this is the first study to grade the PP and PC in a proper scientific
morphometric analysis using a newly designed podoscope with a PSA index.

Keywords: Flat foot grades, high arch foot grades, pescavus, pesplanus, podoscope

Introduction

The foot structure is a stable pliable platform
in static condition, acting as a shock
absorber helping in propelling of the body
forward during locomotion.!’ The arches
of the foot are formed by the tarsal and
metatarsal bones and supported by tendons
and ligaments in the foot.?! Structurally,
the arches of the foot are classified into
transverse  arch, medial longitudinal
arch (MLA), and lateral longitudinal
arch (LLA).”) The MLA is higher than the
LLA and acts like a spring during weight
bearing.”! Pesplanus (PP) or flat arched foot
is a medical condition in which the height
of MLA will be partially or completely flat
and almost whole plantar surface of the
foot comes in contact with the ground.P!
When the height of MLA exaggerates, it
is termed as high arch foot.”) In high
arch foot, an excessive amount of weight
is placed on the ball and heel of the foot

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

when walking or standing.!”” Morphometric
analysis and clinical assessment of the
arches of foot were developed to compute
the geometry as well as the purpose of
diagnosis of certain ailments.®'% Foot print
indices, anthropometric  measurements,
and radiographic methods are the classical
methods for analyzing the arches of foot.!!
Chippaux index, Staheli index (SI), Arch
index (AI), and truncated Al are the common
parameters used to assess the integrity of
the arches of the foot.'? Studies reported
that arches of the foot were analyzed using
foot print indices to rule out the flat and
high arched foot.'*) Johnson and Strom
classification method of grading the flat
foot composed of radiological, pathological,
and clinical examinations to correlate
with the progression of deformity.!'*
Abousayed et al. in 2015 described that
the Johnson and Strom method of flat foot
classification is not a successful method
because it does not contain the anatomical
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aspects of assessment.!"”! Chang et al. in 2014 stated
that the classification of flat foot should be established
universally for assessment, treatment, and also to clear
controversial issue regarding the diagnosis.' The above
literature shows that foot print indices is a standard tool for
measuring the integrity of arches of the foot but it is not a
tool for classifying the grades of flat or high arched foot.
Enormous scientific research papers have been published in
relation to flatfoot but a few studies have been shown to
controversial by other authors. Researchers and clinicians
assess the arches of the foot by foot print parameters are
unable to record the prognosis in the absence of a reliable
grading system. There is no substantial research to show
the grading of flat and high arch foot. Therefore, to address
this issue and to fill the lacunae, the present study aims to
develop the grading system of PP and pescavus (PC) by
newly proposed parameter plantar surface area (PSA) index
using a newly designed podoscope.

Material and Methods
Participants and study area

This is a comparative study conducted among
416 (208 males and 208 females) healthy participants
aged between 21 and 50 years. Participants with open
wounds, recent fractures, surgery (within 6 months), or
any neurological conditions affecting the lower extremities
were excluded. Ethical approval was obtained from the
institutional ethics committee of Sri Ramachandra Medical
College and Research Institute, Tamil Nadu, Chennai.
Written consent was obtained from the patients after
detailed explanation of the study, their role, risks and
benefits involved, and their rights.

Instrumentation and podoscope specifications

A newly designed podoscope was used in the present
study; it was made with wood, toughened glass and a
document scanning machine. The device measures 60 cm
length, 53 cm breadth, and 16 cm width can withstand up
to 200 kg, when the subject stands over the equipment, as
shown in Figures 1 and 2. The market price of standard
readymade podoscope device was minimum Rs. 1.2 lakhs
and an expert may be needed to operate certain devices,
but the cost for designing our new device was just around
Rs. 7000 and without an expert we can operate the device.

Methodology

As preliminary procedure, the entire participant’s foot was
cleansed with mild soap water and wiped thoroughly with
a towel. Each subject was requested to stand erect, facing
forwards, on the podoscopic device; after a few trials of
familiarization with the device, the digitalized plantar scan
images were obtained.

Image calibration method

The images of the plantar surface were transferred to

Figure 1: Newly designed podoscope

the computer. Calibration of images was carried out in
AutoCAD software by placing the calibration marks on
two points that are a known distance apart, and entering the
actual distance spanned by the points in centimeters.

Observation

The images obtained from the podoscope device were
observed and measured using existing parameter as well as
new (PSA) index.

Existing parameters

Arch angle (AA), Chippaux-Smirak Index (CSI), Staheli
index (SI), and Arch index(Al) are the existing parameters
from the literature used to assess the arches of the foot, as
shown in Figures 3 and 4.

i. AA is the angle between the medial line of the
footprint (a) and the line connecting the most medial
aspect of the metatarsus and the most lateral point of
the medial foot (b)!'72

ii. CSI was measured by dividing the minimal distance
of the (d) midfoot by the maximal distance of the (c)
forefoot'-23

iii. SI obtained by dividing the minimal width of the
midfoot (d) by the widest width of the (e) rear foot
regiont?*-2¢!

iv. Al The length of the footprint excluding the toes (L) is
divided into equal thirds. The Al is then calculated as
the area of the middle third of the footprint divided by
the entire footprint area (Al = B/A + B + C).27

Newly Proposed Parameter — Plantar surface area (PSA)
index

PSA index was calculated based on the plantar surface arca
of the foot; the total plantar surface area (TPSA) [Figure
5] consists of plantar surface contact area (PSCA) and a
plantar surface non-contact area (PSNCA). The PSCA
[Figure 6] is formed by the width of forefoot, midfoot and
hindfoot which will be in contact to the ground. PSNCA
[Figure 7] is situated at the concavity of medial longitudinal
arch which is not in contact to the ground.
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53cm

60cm

N\

Figure 2: Specifications of newly designed podoscope

16cm

Figure 4: Podoscopic image shows the measurement of arch index

Grading pesplanus

Based on the PSA index, the flat arch foot was classified
into three different grades. In Grade 1, the width of
midfoot was increased, and the normal structure of MLA
was altered, midfoot supports equal to or more than 1/3
of the total foot region, the plantar surface contact area
PSCA is around 80%-90%. In Grade 2, the width of the
midfoot reached to the level of the forefoot width, the
MLA disappears, the PSCA was around 91%-100% and
the PSNCA was 0%—-10%. In Grade 3, the MLA was
completely collapsed and dominant medial protuberance
was seen rear foot width decreases, the contact region of
the plantar surface was 100% and the PSNCA was 0%, as
shown in Figure 8.

Grading pescavus

Based on the newly proposed parameters, the high arch
foot was classified into three different grades. In Grade 1,
the midfoot width was reduced, and the concavity of the
MLA increases, the PSCA was around 51%—60%. In Grade
2, the structure of MLA was interrupted and complete

Figure 3: Podoscopic image shows the measurement of Arch angle,
Chippaux-smirak index, Staheli index

Figure 5: Podoscopic image shows the measurement of total plantar surface
area (TPSA) in normal arched foot.

absence of midfoot contact to the ground, the major contact
region to the floor is the heel and the metatarsal region,
and the PSCA was around 41%-50%. Grade: 3 — The
overall contact area of the plantar surface to the floor was
decreased; the PSCA is only around 21%-40%, as shown
in Figure 9.

Results

The statistical analyses were undertaken using the SPSS
Statistical software (version 16.0) and executed at 95%
confidence interval. Mean and standard deviations for age,
height, and weight were observed by the descriptive analysis,
as shown in Table 1. The normative values for newly
proposed parameters (PSA) are tabulated in Table 2. The
Chi-square test has been performed to find the association,
dependency, and validity of the newly proposed parameter
PSA index with the existing parameters with statically
significant P < (0.001) for both males and females, as shown
in Tables 3 and 4. Cramer’s V is 0.985 for male and 1.00
for female group shows that newly proposed parameters
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Figure 6:Podoscopic image shows the measurement of Plantar surface
contact area (PSCA) in normal arched foot

PSA index and the exciting parameters are highly correlated.
The distribution of different types of arches among the
participants is shown in Table 5. Grading of PP and PC
using by PSA parameter is shown in Tables 6 and 7.

Discussion

In this study, among 416 participants, normal arch, (PP)
and (PC) have been identified. The PP and PC are
categorized as abnormal arches, and the normal arched
foot remains the same, as shown in Table 4. The goal of
the present study was to examine the ability of the newly
proposed parameter (PSA index) compared with existing
parameter using newly designed podoscope device. The
analysis of the present study encompasses the grading
system of “PP and PC” and also developed a classification
system with three grades in PP and three grades in (PC)
among 208 men and 208 women. This grading system will
be a substantiate assessment tool for diagnosis and also to
record the prognosis during the treatment of PP and PC.

Dunn et al.®?% conducted an epidemiological study among
784 participants and reported that the prevalence of flat
foot was 19.0% (17.2% in men and 20.1% in women).
Xiong et al.*! analyzed the ankle and foot morphometry
of 48 participants using footprint and also with static
measurements and reported that 24% of them had abnormal
arches. Nguyen et al.P? assessed the arches of foot using
MatScanPedo barographic device among 386 women and
214 men and found 17% flat foot in men and 20% in
women. The present study reports that the prevalence of
PP and PC according to the newly designed podoscope was
34.13% (39.0% in women and 28.8% in men), as shown
in Table 4. The difference between the above-mentioned
studies and the present study is that none of the studies
have reported about the grading or classification of PP
and PC, but the present study a grading system of both PP
and PC was established, as shown in Tables 3 and 4 and
Figures 6 and 7.

Figure 7: Podoscopic image shows the measurement of plantar surface
non-contact area (PSNCA) in normal arched foot

Table 1: Characteristics of subjects (Mean+SD)

Gender Mean=SD
Age Height Weight
(cm) (kg)
Men 31.6+£9.3 178+3.6 78.6+£10.3
Women 28.4+7.6 162+4.4 65.2+8.2

SD: Standard deviation

Table 2: Normative values of newly proposed
parameters - Plantar surface area
Different Types of arches % of contact area

NA 61%-79%
PP 80%-100%
Grade I 80%-90%
Grade II 91%-100%
Grade IIT 100% with protrusion

PC <61%

Grade 1 51%-60%
Grade 11 41%-50%
Grade 111 21%-40%

NA: Normal arch, PP: Pes planus, PC: Pes cavus

Pourghasem et al.P®*! evaluated the relation between the
severity of flatfoot and obesity among 653 males and
505 females between the age group of 6 and 18 years using
the Dennis method of classification and reported that the
prevalence of flatfoot was 17.5% in boys and 14.5% in girls.
Chougala et al®* examined and graded the flatfoot among
228 subjects, based on body mass index using the Dennis
method of classification of flat foot and revealed that 44.2%
had flat arch foot. The contrast between the present study
and studies of Pourghasem et al. and Chougala et al. shows
that they have used a Dennis method for classifying the flat
arched foot, Chang et al., Abousayed et al. and that the exact
prevalence of flat foot is unknown due to deficit of exact
criteria for defining flat foot, and a new method should be
established based on the anatomical perspective to classify
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Table 3: Association between height, foot length and TPSA in women (7=208)

Height Foot length (cm) Total
(cm) 15-20 21-25 26-30
TPSA
140-180 140-180 140-180
140-150 151-160 161-170 171-180 140-150 151-160 161-170 171-180 140-150 151-160 161-170 171-180

145-154 1 1 1 0 0 16 1 0 0 0 0 0 20
155-164 16 13 1 0 6 51 31 0 0 1 0 0 119
165-174 0 0 0 0 1 16 36 2 0 1 11 2 69
Total 33 160 15 208

TPSA: Total plantar surface area

Figure 8: Grades of pesplanus classified based on newly proposed parameters

Figure 9: Grades of pescavus classified based on newly proposed parameters

the arches of the foot. Dennis method involves image
representation and plotting lines in the footprint. The authors
propose the above parameters based on the anatomical and
biomechanical configuration of arches of the foot be used for
detailed grading of abnormality of arches of foot.

Existing parameters versus newly proposed parameter
plantar surface area (PSA)

The morphometry of the foot was studied by using indices,
lines, and angles called as foot print parameters. CI, SI,and

AA are some of the parameters used by the researchers to
assess the integrity of arches of the foot.*>3¢! Foot print
parameters are basically calculated by lines and angles
in some particular areas such as forefoot, midfoot, and
hindfoot and not with the entire surface, so there are many
areas which are left unmeasured, as shown in Figures 1
and 2. Therefore, these parameters are only capable of
diagnosing whether it is a normal, flat, or high arched foot;

hence, these parameters are unable to grade the severity of
PP and PC.
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Table 5: Distribution of NA,PP,PC based on gender

Gender NA PP PC Total
Female 126 47 35 208
Male 148 41 19 208
Total 274 88 54 416

NA: Normal arch, PP: Pes planus, PC: Pes cavus

The newly proposed PSA index was derived based on the
individual’s height, foot length, and the PSA, as shown
in Tables 3 and 4. The parameters are based on the
calculation of the entire plantar surface of the foot; PSA
index covers the measurement of whole plantar surface
of the foot, and no areas remains unmeasured, as shown
in Figures 3-5. Therefore, the PSA index is capable
for finding whether it’s normal arch foot, PP or PC, as
well as it also reveals the grading of PP and PC based
on the severity Figures 6 and 7. Variability was present
practically in each and every stage of this research
process, the existing diagnostic tests were modified and
updated in the current study by new parameters PSA
index to confirm the presence or absence and to grade the
PP and PC.

The existing parameters can be used only to assess
or differentiate the normal and abnormal arches of
foot. Witana et al.’7) used 3D scanner to assess the
morphometry of 16 participants for the purpose of the
preparing the foot orthotics. Similarly, with the available
measurements of the newly proposed PSA index, it can
be utilized for assessing the arches of the foot, to record
the prognosis of PP and PC during the treatment and
also it will be useful for manufacturing footwear and
orthotics.

Conclusion

The present study has developed a newly-designed
podoscope and  established a newly proposed
parameter (PSA) index and analyzed the prevalence of
normal, flat, and high arch foot between the age group of
21-50 years. In this study, gender-wise normative value for
new parameters PSA index was proposed under influence
of height and foot length. The device was designed in a
portable manner so it can be carried easily by a single
person to any places, which allows to diagnose or to collect
data in the rural and under-served areas without any cost.
The podoscope and the newly proposed PSA index were
designed in a simplified manner so it does not require a
technical person to handle it. The outcome acquired by this
study will be helpful for accurate diagnosis and to record
the prognosis during the treatment of PP and PC, it will be
also helpful in the field of orthopedics.
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Table 6: Existing parameters shows only the different
types of arches of foot, but newly proposed parameter
(PSA) shows the grades of PP and PC in women

Different types of Existing Newly proposed
arches parameters parameters (PSA)
F1F2F3H1 H2H3
NA 126 000 0O 0 O
PC 35 0 0 0 15 7 13
PP 47 181019 0 0 O
Total 208 18 1019 15 7 13

NA: Normal arch, PC: Pes cavus, PP: Pes planus

Table: 7 Existing parameters shows only the different
types of arches of foot, but newly proposed parameter
(PSA) shows the grades of PP and PC in men

Different Existing Newly proposed parameters
types of parameters (PSA)

arches F1 F2 F3 H1 H2 H3
NA 148 0 0 0 0 0 0
PC 19 0 0 0 14 4 1
PP 41 10 19 12 0 0 0
Total 208 100 19 12 14 4 1

NA: Normal arch, PC: Pes cavus, PP: Pes planus
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Comparison of Maceration Techniques for Retrieval of Bones

Abstract

Introduction: Learning osteology is an essential part of anatomy curriculum. However, recently,
there has been a scarcity in the availability of bones for teaching in India. The present study was
conducted to compare four different maceration techniques and find the most suitable method to
procure bones from an embalmed cadaver. The present study was conducted on dissected human
cadavers made available from the department of anatomy. Material and Methods: For the first
three methods, after dissection, the cadavers were buried in the burial section of the department for
2 years. The bones were washed after excavation. In the first method, detergent was used; in the
second, quick lime was used; and in the third, hydrogen peroxide was used. In the fourth method,
parts were not buried. The dissected parts were defleshed manually. The bones were freed from the
joint. A paste was made using baking soda and 30% hydrogen peroxide. This was applied and bones
were kept covered for 24 h. All four methods were compared. Results: Based on time required to
macerate, ease of soft-tissue removal and complete procurement with minimal damage, the method
using 30% H,0, was the best. For smaller specimens, the new method of applying a paste of baking
soda and H,0, was very effective. The time consumed was very less. Discussion and Conclusion:
Maceration using 30% H,O, gave the best result. New method tried is time-saving and useful for
small specimens. Soft tissue was removed easily with no/minimal damage to the bone.

Keywords: Baking soda, bones, embalmed, hydrogen peroxide, maceration, quick lime

Introduction

Learning osteology is an important part
of the anatomy curriculum. While modes
such as computer applications, textbooks,
and plastic models help students to
learn how the human body works, there
is virtually no substitute for the use of
authentic human tissue. Human bones
are unsurpassed in the ability to provide
three-dimensional instruction in osteology
as well as understanding the soft-tissue
insertion and the course of neurovascular
structures.!!’ The normal variations in the
human anatomy cannot be adequately
reproduced in software, illustrations, or
models. Even photographs, while useful as
documentation, cannot replace the tactile
appreciation of bone. While nonhuman
remains are readily available, without
access to human skeletal resources, a
comparative study is impossible.??!

Recently, there has been a scarcity in
the availability of bones for teaching in
India. The demand of dry human bones
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for students of medicine, dentistry,
physiotherapy, and allied sciences is
increasing enormously. The supply is

scarce. Hence, a solution must be found to
meet the demand as the supply dwindles.
Retrieval of the skeleton from the dissected
cadavers may be a choice. Currently,
underutilized sources of human skeletal
material from the preserved tissue offer a
solution.?!

The retrieval of bones and removal of all
soft tissue is called maceration. Various
maceration techniques exist in the literature.
All maceration techniques aim at removing
the soft tissue from the bone. In general,
several steps are required: the complete
removal of all soft tissue and the processes
to degrease the bone and then whiten it.
Initially, as much soft tissue as possible is
physically removed. This includes skinning,
gutting, and usually, disarticulation in
order for the bone to macerate at a more
reasonable pace. In general, these techniques
fall into the following categories: boiling,
using chemicals or burying or using
dermestid beetles.’! Retrieval of bones from
formalin-fixed cadavers is difficult. No formal
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standards of maceration exist. Traditional methods are tedious
and time-consuming. There is a practical need for research
with fixed specimens. Producing dry skeletons without bone
modification from preserved tissue must be exact, as they do
not macerate easily.

Therefore, a study was planned to evaluate the different
methods to procure bones in terms of efficiency,
effectiveness, and destructiveness. The purpose of
this study is to use various methods and find the most
suitable method in terms of time consumed, ease
of access, and complete procurement of bones from
embalmed cadavers.

Material and Methods

The study was carried after taking clearance from the
Institutional Ethics Committee. The study was conducted
on dissected human cadavers made available from the
department of anatomy, of a reputed medical college.
Universal precautions were observed while handling tissue
and chemicals. Four different methods were employed
and were compared. For the first three methods, after
dissection, the cadavers were buried in the burial section
of the department for 2 years. The cadavers were excavated
after 2 years. The bones were washed.

In the first method, after excavation, the bones were dipped
in detergent for 24 h. Any remaining soft tissue was removed
manually using a brush. The bones were washed and dried.

In the second method, bones were dipped in a quick lime
solution. Then, they were washed and dried.

In the third method, after excavation, the bones were
dipped in detergent for 24 h. Bones were then chemically
treated with hydrogen peroxide. Two liters of 30% H,O,
were dissolved in 15 L water. The bones were dipped and
left covered for 24 h. They were then washed and dried in
sun.

In the fourth method, the dissected parts were defleshed.
They were not buried. Bones were freed from the joint.
A paste was made using 100 g baking soda and 30% H,0,.
This paste was applied on the bones and left covered for
24 h. Next day, they were washed and dried. The methods
were compared on the basis of time required for maceration,
ease of soft-tissue removal, and complete procurement or
minimal damage to bone tissue.

Observations

The following observations were made.
Method 1 use of detergent

Time to macerate — More than 2 years.

Ease of access to remove soft-tissue cleaning was effective.
Bones had dark color. Soft tissue could not be removed
from the ends and had to be removed manually.

Destructiveness — No damage to bone. Bones were darker.
Method 2 use of quick lime
Time to macerate — More than 2 years.

Ease of access to remove soft tissue cleaning was
not effective. There was a chalky deposit on the
bones [Figure 1]. The remnants of ligaments and tendons
were not softened. The tissue was not removed.

Destructiveness — No damage to bone. Soft tissue was not
removed There was a deposit on the bone.

Method 3 use of hydrogen peroxide
Time to macerate — More than 2 years.

Ease of access to remove soft-tissue cleaning was
effective. Bones had lighter tone. Only some of
the bones needed brushing to look completely
clean [Figures 2 and 3].

Destructiveness — no damage to bone. Bones were lighter
toned looked visually appealing to touch.

Method 4 use of baking soda and hydrogen peroxide — no
burial

Time to macerate — The whole procedure took less
than a week. In the previous three methods, the
cadaver was buried the bones excavated which usually
took 2 years.

Ease of access to remove soft tissue — most of the tissue
comes off easily. Some tissue had to be removed manually
using scalpel.

Destructiveness — no damage to bone. The bones were
clean having lighter tone [Figure 4].

Results

The advantages and disadvantages of various methods are
tabulated in Table 1.

Figure 1: Femur head showing chalky deposit of quick lime
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Based on time required to macerate, ease of soft-tissue
removal and complete procurement with minimal damage,
the method using 30% H,O, was the best. The chemicals are
casily available and fairly inexpensive. For smaller specimens,

Figure 2: Sacrum removed after 2 years of burial

Figure 3: Sacrum after treatment with H,0,

Figure 4: Bones treated with paste of baking soda and H,0,

the new method of applying a paste of baking soda and H,O,
was very effective. The time consumed was very less. No
burial was required. Thus, we can conclude that the method
using hydrogen peroxide can be used conveniently to procure
full skeletons from dissected cadavers.

Discussion

The need for the use of authentic osteological specimens
for students as well as professionals in established fields
and in new burgeoning disciplines has rapidly increased
over the past several decades. Philip Tobias emphasized
the importance of human skeletons for the teaching of
human anatomy, including dental anatomy for students of
medicine, dentistry, physiotherapy, occupational therapy,
nursing, and pharmacy as well as students of comparative
anatomy, primatology, and general morphology.*! The
number of new fields that rely on access to this learning
material has astronomically increased and expanded.
Forensics, DNA research, and molecular biology are but a
few worth mentioning.™

To meet the increasing demand of bones in the department
necessitated experimenting with various maceration
procedures. In the present study, four methods were
chosen for this purpose seeing the feasibility, expenses,
and other factors. Although boiling of bones is time-tested
procedure, it was not preferred due to obnoxious fumes and
environmental hazards. Because of this disadvantage, it
cannot be carried at all places.

Based on the time required to macerate, ease of soft-tissue
removal, and complete procurement with minimal damage,
the method using 30% H,O, was the best. The chemicals
are easily available and fairly inexpensive. Many bones
can be macerated together. A single trained person can do
the entire procedure. Earlier studies also concluded this
method as an efficient method.™! Burial is necessary, and
bones were kept buried for 2 years. This time for burying
can be reduced by burying the bones near the surface in the
superficial soil.[*

For smaller specimens, the new method of applying a paste
of baking soda and H,O, was very effective. The time
consumed was very less. No burial was required. Complete
knowledge and training are required to deflesh the bones
and disarticulate them from the joints.

Snyder, Burdi, and Gaul introduced a method of skeletal
preparation that involved a quick-acting formula they
named anti-formin, prepared by combining sodium
carbonate and bleaching powder.!”! Contemporary scholars
caution against the guaranteed destructive properties of
bleaching products.”!” The use of bleaching powder in
skeletal processing has been shown to destabilize bone
structure well after the removal from the solution.l’*!"
Sodium hypochlorite is effective at removing fat and
whitening specimens but researchers cautioned that the
resultant bone will be flaky and may crumble to dust.
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Table 1: Showing Advantages and Disadvantages of various methods used in maceration

Method Advantages Disadvantages
Use of Detergent Fairly Inexpensive Time Consuming

Requires Minimal Training Requires Manual Extraction
Use of Quick Lime nil Time consuming

Use of Hydrogen Peroxide Fairly Inexpensive

Requires Minimal Training

Effective Cleaning

Removal Of soft Tissue impossible
Could not break ligaments, tendons

Chalky deposit on Bones
Time Consuming

Visually appealing Lighter Coloured Bones

No damage to Bones

Lot of Bones can be Done together

No Burial Use Of Hydrogen
peroxide and Baking Soda Paste Fairly Inexpensive

Effective Cleaning

Visually appealing Bones

No damage to Bones

Process takes less than a week

Requires Extensive knowledge

Can be done only on small specimens

As an alternative to sodium hypochlorite, hydrogen
peroxide has been suggested in the literature.®'!] Sodium
bicarbonate may be used to soften proteinaceous materials.
When comparing which chemical proved the easiest to
deflesh in the shortest amount of time, sodium bicarbonate
came in the first place in all trials.*® Thus, a combination
of sodium bicarbonate and hydrogen peroxide was tried
gave us fast and effective cleaning. This method requires
the help of trained person to deflesh and disarticulate the
bones. The reagents are easily available. It is very fast.
No burial is required. This method may be difficult to
be applied on the axial skeleton. It can be the method of
choice for small dissected specimens.

Conclusion

Maceration using 30% H202 gave best result New Method
tried is time saving and useful for small specimens. Soft
tissue was removed easily with no/minimal damage to the
bone skeleton. It can be the method of choice for small
dissected specimens. The methods described here are easy
to perform and will help medical colleges to procure bones
from preserved tissue.
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A Cadaveric Study on Subclavius Posticus Muscle

Abstract

Introduction: Subclavius posticus muscle (SPM) is a rare anomalous muscle that traverses from
costal cartilage of first rib posterolaterally to superior border of scapula. The aim of the study was
to study the prevalence of SPM in adult cadavers. Material and Methods: Fifty upper limbs from
embalmed cadavers allotted for routine dissection practical for first MBBS students were used for
the study. There were twenty male and five female cadavers, with ages ranging from 60 to 80 years,
specimens of both sides were used. Results: The SPM was found in seven cases out of fifty cases,
two on left, and five on the right side of pectoral region. Discussion and Conclusion: The presence
of variant SPM could be a predisposing causative factor of thoracic outlet syndrome.

Keywords: Coracoid process of scapula, subsclavius posticus muscle, thoracic outlet syndrome

Introduction

The anatomical variations in the anterior
thoracic region has been well documented
in literature but paid scant attention to a
small muscle subclavius posticus which
is a predisposing factor for thoracic outlet
syndrome. The present study was aimed
to scrutinize this muscle particularly its
attachments.

Subclavius posticus originates from first
costal cartilage, gets inserted into upper
margin of coracoid process of scapula, and
is innervated by nerve to subclavius or
suprascapular nerve or phrenic nerve.!

It is speculated that the muscle might
develop from an analage of the
hypobranchial ~musculature near and/
or in the junctional region between the
hypobranchial and the pectoral regions
of the body trunk. The region might
phylogenetically  and  ontogenetically,
concomitantly with the development of
the heart and lungs, undergo remarkable
changes, to which variations of this muscle,
and its innervation could be attributed.*

Material and Methods
Inclusion criteria

All the cadavers available during the study
period were included in the study.

This is an open access journal, and articles are
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allows others to remix, tweak, and build upon the work
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Exclusion criteria

Deformed axillae were excluded from the
study.

Fifty upper limbs from embalmed cadavers
allotted for dissection over a period of
3 years (2017-2019) were used for the
study. Twenty male and five female
cadavers were studied with ages ranging
from 60 to 80 year. Specimens of both
sides were used.

The axillary region was dissected and
exposed according to the methods
described in Cunningham’s Manual of
Practical Anatomy.’) Detailed dissection
of subclavius posticus muscle (SPM) was
done. Pattern of muscular attachments,
innervations were examined, recorded, and
photographed. Total length of the muscle
and maximum width were measured.

Results

The overall incidence was 14%. The SPM
was found in seven cases out of fifty cases,
two on left and five on right.

In all the cases, SPM took origin from
superior surface of first costal cartilage. The
insertion and nerve supply in our study is
depicted in the tabular format [Table 1].
The muscle coursed dorsolaterally beneath
the clavicle crossing the axillosubclavian
vessels and cords of brachial plexus.
Photographs of dissected SPM have been
included in [Figures 1-5].
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Table 1: Observations of subclavius posticus muscle in our study

Specimen number  Insertion Nerve supply Total length (cm)  Maximum width (cm)
SPM 1 Root of coracoid process of scapula Direct branch from fused 12.5 1
cords of brachial plexus

SPM 2 Root of coracoid process of scapula Suprascapular nerve 14.4 1.2

SPM 3 Root of coracoid process of scapula Nerve to subclavius 13.2 1.1

SPM 4 Root of coracoid process of scapula Suprascapular nerve 13.3 1.2

SPM 5 Root of coracoid process of scapula Nerve to subclavius 15.5 1.3

SPM 6 Root of coracoid process of scapula Suprascapular nerve 14.6 1.2

SPM 7 Coracoid process, superior transverse  Suprascapular nerve 12.7 0.8

ligament

SPM: Subclavius posticus muscle

Figure 1: Left infraclavicular region (subclavius posticus muscle 1) before
removal of clavicle

Figure 3: Showing nerve supply (subclavius posticus muscle 1)

Among seven specimens one received innervation from a
direct branch from brachial plexus, in which all three cords
were united, four from suprascapular nerve, and two from
nerve to subclavius.

The length of subclavius posticus ranged from 12.5 cm
to 15.5 cm and breadth of the muscle ranged between 0.8
cm and 1.3 cm. The maximum width of muscle was found
to cross the neurovascular bundle. A comparison of the
measurements have been given in Table 2.

Figure 2: Superior view (subclavius posticus muscle 1). After removal of
clavicle

Figure 4: Left subclavius posticus muscle, inserted into coracoid process
and transverse scapular ligament (subclavius posticus muscle 7)

All the muscular components in axillary and scapular
regions were normal.

Discussion

Eisler reported a muscle in 1912, termed by Rosenmuller
as SPM, which arose from first costal cartilage and inserted
into the coracoid process or upper margin of the scapula.

The incidence of SPM in Japanese was 8.9% and 36% in
Thais, as compared to 14% in our study, all the studies
were done on cadavers."!
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Piyawinijwong and Sirisathira describe the classification
of subclavius muscle according to its insertion, in which

Table 2: Comparison of measurements of subclavius
posticus muscle observed by various authors

muscles in Type II-IV corresponds to SPM [Table 3].

Prevalence of SPM Type II in a study conducted in
Thais was 17.97%, but in our study, it is 12%, SPM
Type III in Thais was 15.62%, and in our study, it is
2%.55]

Measurements Length (cm) Maximum width (cm)
Singal et al. 11.5 1.1

Shetty et al. 16.6 -

Present study 12.5-15.5 0.8-1.3

Table 3: Classification of subclavius muscle according to
its insertion'”!

Type  Site of insertion
I Shallow groove on inferior surface of clavicle
I Conoid ligament and root of coracoid process
11T Conoid ligament, coracoid process and the superior

transverse ligament
v Conoid ligament and coracoid process, superior

transverse ligament and the superior border of the scapula

overlapping to the insertion of the inferior belly of )

omohyoid muscle Figure 5: Superior view of right subclavius posticus muscle 3

Table 4: Subclavius posticus muscle as described in various studies
Author/year Attachment to Attachment to scapula Nerve supply
first rib

Present study, Costal cartilage Type 11 6-root of coracoid process of scapula 1 - Direct branch from fused
2019 of first rib Type 111 1-coracoid process, superior transverse cords of brachial plexus

Muellner et al.,

Medial aspect of

ligament

Superior border of scapula near base of coracoid process

Root of coracoid process

2015 MRI first rib
Cogar et al., Superolateral Superior border of scapula
2015 MRI cartilageous part
of first rib
Piyawinijwong Costal cartilage Type lI-Type
S and Sirisathira  of first rib III -Type IV

N, 2010

Coracoid process, superior transverse
ligament

Coracoid process, superior transverse ligament,
superior border of scapula
Upper border of scapula lateral to inferior belly of omohyoid

Medial margin of suprascapular notch medial to inferior

Singhal et al., Costal cartilage

2007 of first rib muscle
Shetty et al., Costal cartilage

2006 of first rib

Kutoglu et al.,

Costal cartilage

belly of omohyoid and laterally blends with the capsule of
acromioclavicular joint
Upper border of scapula lateral to inferior belly of omohyoid

Upper margin of scapula and transverse scapular ligament

Superior margin of scapula just mediocaudal to inferior belly of

2005 of first rib muscle

Sarikcioglu Costal cartilage Superior angle of scapula
etal., 2001 of first rib

Forcada et al., Costal cartilage

2001 of first rib

Akita et al., Costal cartilage

2000 of first rib omohyoid muscle

Akita et al., Costal cartilage Upper margin of scapula
1996 of first rib

4 - Suprascapular nerve

2 - Nerve to subclavius

Suprascapular nerve

Suprascapular nerve

Nerve to subclavius

Suprascapular nerve
Suprascapular nerve
Suprascapular nerve

Nerve to inferior belly
of omohyoid, accessory
phrenic nerve (in 1 case),
nerve to subclavius

Nerve to subclavius

MRI: Magnetic resonance imaging
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Figure 6: Left subclavius posticus muscle, inserted into coracoid
process (subclavius posticus muscle 4)

Relationship to structures at the root of neck stated by
previous authors as well as in our study was superficial
to subclavian vessels and brachial plexus. The comparison
of attachments and nerve supply as observed by various
authors are depicted in Table 3.5

Akita et al. described SPM as an aberrant muscle between
inferior belly of omohyoid and subclavius muscle. They
reported a common matrix for these muscles. Accordingly,
the matrix is divided into three parts and middle part
becomes the aberrant muscle.”’ Table 4 gives a summary
of results of SPM of present study in relation to results of
various other studies.

Cogar et al. presented a case of an athlete with suprascapular
nerve compression associated with subclavius posticus
diagnosed by magnetic resonance imaging (MRI). Symptoms
were relieved and function was restored by decompression
of the nerve and excision of the anomalous muscle.”

Conclusion

The presence of SPM could be a predisposing causative
factor of thoracic outlet syndrome, suprascapular nerve

compression. Radiologists and surgeons should be
aware of this muscle. High-resolution MRI examination
is recommended in such suspected cases. A band of
nonenhancing tissue stretching from the first costal cartilage
to the superior angle of scapula, isointense to the adjacent
muscles in the presence of a normal subclavius muscle are
the classical MRI features of SPM.!!"
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- Original Article

Anatomical Variations in Scapula: A Study with Correlation to Gender and

Side

Abstract

Introduction: Anatomical variation is defined as the normal flexibility in the topography and
morphology of body structures. The present study was planned to study anatomical variations in
dry scapula of North Indian population and their comparison between males and females on both
sides. Material and Methods: The study was performed at the Department of Anatomy, PGIMS,
Rohtak, on fifty pairs of human scapulae, out of which thirty were males and twenty were females.
Various anatomical variations were noted such as sulcus for circumflex scapular artery, costal facets,
horizontal inferior border, scapular foramina, and facet on inferior surface of acromion process.
Morphological types of tip of acromion process, inferior surface of acromion process, and superior
border of scapula were studied. These parameters were compared in both sexes on both the sides.
Results: Majority of the anatomical variations were common in females in comparison to males.
Discussion and Conclusion: Knowledge of the anatomical variations of scapula is the key to a

successful outcome in the clinical setting.

Keywords: Anatomical, costal, morphology, topography

Introduction

The scapula is a large, flat, and triangular
bone which lies on the posterolateral aspect
of the chest wall, covering parts of the
second to seventh ribs. It has costal and
dorsal surfaces; superior, lateral, and medial
borders; inferior, superior, and lateral
angles; and three processes, the spine, the
acromion, and the coracoid process.!"!

Anatomical variation is defined as the
normal flexibility in the topography and
morphology of body structures.”” Not many
anatomical variations have been reported in
scapula, yet some of these variations have
got clinical significance.

Typically, the anterior surface of the
scapula is smooth and articulates indirectly
with the posterior thoracic wall through the
scapulothoracic joint. The anterior surface
of the scapula has sometimes been reported
to have distinct synovial articulations with
the ribs that restrict its motion. This has
been reported occurring near the inferior
angle, superior angle, and superior border
of the scapula. Fontan described a pair of
scapulae, which possessed two costal facts

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.
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each. They articulated with the posterior
surfaces of the third and seventh ribs,
respectively, and had associated with them
both a capsule and synovial membrane.

The supraspinous and infraspinous fossae
are located on the posterior aspect of
scapula, and the bone in this region can
become quite thin. Hence, the incidence of
scapular foramina is more in these fossae.P!

Increased  degenerative  changes  are
associated with increased length of the
acromion, and length is in turn related to
the shape of the acromion. The longest
specimens are “cobra” shaped with a mean
length of 6.2 cm. The shortest specimens
are “square tipped” with a mean length of
5.2 cm.M

The superior border of scapula is the most
variable of the scapula’s borders. It can
appear horizontal, moderately oblique,
markedly oblique, deeply saddle shaped,
concave or semilunar, and wavy.

Although nearly all possible human
anatomical variations have been reported
and cataloged, their combinations continue
to arouse interest. Second, there appear
to be ethnic differences in the frequency
of these variations. Consequently, there
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is a need for continuous appraisal for emphasis and to
encourage anatomists and clinicians to beware of their
existence. Unfortunately, continuous appreciation of
variations is being undermined by current trends in the
undergraduate medical training characterized by reduced
exposure to dissection and dissected specimens, increased
use of plastic bones, computer-generated images, loss of
experienced teachers, especially those who are medically
trained, and loss of morphological approach.)

Since there is dearth of literature regarding the anatomical
variations of scapula in North Indian population, so, the
present study was planned to study these anatomical
variations in dry scapula of North Indian population and
their comparison between males and females on both
sides.

Material and Methods

The present study was conducted on fifty pairs of dry
human scapulae in the Department of Anatomy at our
institution in the year 2017-2018. Out of fifty pairs, thirty
belonged to males and twenty were of females. Gender
determination of scapulac was done on the basis of bone
register maintained in our department. In our department,
complete skeleton is procured by maceration and is then
numbered. Hence, gender of all the scapulae was known
to us. Bones with clear and intact features were included
in this study. The various anatomical variations taken into
consideration are as follows:

Sulcus for circumflex scapular artery

Its presence or absence was noted on dorsal surface of
lateral border of scapula [Figure la].

Costal facets

The presence or absence of costal facets for ribs
was noted on superior border and inferior angle of
scapulal® [Figure 1b].

Presence of inferior border of scapula

Its presence or absence was noted down [Figure 2a].

Scapular foramina

The presence or absence of scapular foramina other than
suprascapular foramen was noted [Figure 1b].

Inferior surface of acromion process

The inferior surface of anterior third of acromion process
was classified into rough and smooth types as suggested
by Paraskevas et al!® and their incidence was noted
down [Figure 2b].

Facet on the inferior surface of acromion process

The presence or absence of accessory facet on the inferior
surface of acromion process other than the clavicular facet on
medial border of acromion process was noted down [Figure 2b].

Tip of acromion process

The tip of acromion process as viewed from superior
surface was classified into cobra, square, and intermediate
types as suggested by Edelson and Taitz* and their
incidence was noted down [Figure 3a-c].

Superior border of scapula

The superior border of scapula was classified into
horizontal, moderately oblique, markedly oblique,
saddle-shaped, and wavy types as suggested by Hrdlicka”
and their incidence was noted down [Figures 1b and 4a-d].

Data obtained were compared in males and females on
both sides.

Results

Sulcus for circumflex scapular artery

The sulcus for circumflex scapular artery was observed
in 60/100 scapulae, out of which 32/60 were in males,
28/40 in females, 27/50 on right side, and 33/50 on left
side [Table 1].

Figure 1: (a) Sulcus for circumflex scapular artery (arrow); (b) Costal facet
along horizontal superior border (red arrow) and scapular foramen at root
of spine (black arrow)

Figure 2: (a) Presence of inferior border of scapula (marked with red line). (b)
Rough inferior surface of acromion process with an accessory facet in
addition to clavicular facet (arrow)
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Figure 3: Tip of acromion process; (a) Cobra type; (b) Intermediate type; (c) Square type tip

Figure 4: Superior border of scapula; (a) Moderately oblique; (b) Markedly
oblique; (c) Saddle shaped; (d) Wavy

Costal facets

The costal facets were observed in 2/100 scapulae, out of
which 2/40 were in females and 2/50 on right side, whereas
no costal facet was observed in males and on left side.
Both costal facets were observed in females on right side
on superior angle of scapula [Table 1].

Presence of inferior border of scapula

The inferior border was observed in 12/100 scapulae, out
of which 7/60 were in males, 5/40 in females, 6/50 on right
side, and 6/50 on left side [Table 1].

Scapular foramina

The scapular foramina were observed in 5/100 scapulae, out
of which 2/60 were in males, 3/40 in females, 4/50 on right
side, and 1/50 on left side. Out of five scapular foramina
observed, three were present in infraspinous fossa, one in
supraspinous fossa, and one at root of spine [Table 1].

Inferior surface of acromion process

The inferior surface of anterior third of acromion process was
found smooth in majority of the scapulae (51/100), followed by
rough surface (49/100). The rough surface was more prevalent
in males and on right side, whereas the smooth surface was
more prevalent in females and on left side [Table 1].

Facet on the inferior surface of acromion process

The accessory facet on the inferior surface of acromion
process other than the clavicular facet on medial border of
acromion process was observed in 14/100 scapulae, out of
which 5/60 were in males, 9/40 in females, 7/50 on right
side, and 7/50 on left side [Table 1].

Tip of acromion process

The most common type of tip of acromion process found
was square type (42/100), followed by intermediate and
cobra types, i.e., 40/100 and 18/100, respectively. The
same pattern was observed in females and on right and
left sides except in males, in which intermediate type was
predominant, followed by square and cobra types [Table 1].

Superior border of scapula

The most common type of superior border of scapula
found was horizontal type (40/100), followed by
moderately oblique (27/100), markedly oblique (15/100),
saddle-shaped (12/100), and wavy (6/100) types. The
same pattern was observed in males and on right and left
sides except in females, in which the pattern observed
was horizontal > moderately oblique > wavy > markedly
oblique > saddle shaped [Table 1].

Discussion

Anatomical variations in scapula are not so frequent, but if
present, may prove to be clinically significant.

Sulcus for circumflex scapular artery

In a study on French scapulae, Vallois found the sulcus in
64% of scapulae on the right side and 61.7% of scapulae
on the left side.® In the present study, we found the sulcus
in 54% on the right side and 66% on the left side. Our
findings are near to the findings of Vallois.
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Costal facets

Vallois found 13 costal facets in 180 (7.2%) scapulae.®
Gray found costal facets in 64 of 1152 (5.55%) scapulae.”!
In the present study, we found the costal facets in 2% of
scapulae.

Presence of inferior border of scapula

To the best of our knowledge, no previous study was found
on inferior border.

Scapular foramina

The defects due to scapular foramina can be seen
radiographically and remain unchanged over time. They are
problematic if the resulting radiolucency is mistaken for a
lesion of the lung.’) Gray studied 1152 scapulac with 28
possessing foramina, i.e., 2.4%.") In the present study, we
found the scapular foramina in 5% of scapulae.

Inferior surface of acromion process

Paraskevas et al,® Singh et al. ' and Gupta et al!™
found that the inferior surface of the anterior third of the
acromion process was smooth 42%, 55.8%, and 10% of
scapulae, respectively, and rough in 57.9%, 44.2%, and
90% of scapulae, respectively, whereas in our study, the

inferior surface anterior two-third was smooth in 51% and
rough in 49% of scapulae.

Facet on the inferior surface of acromion process

Gray reported 240 (20.8%) facets on the inferior surface
of acromion process in 1152 scapulae.”! In the present
study, the accessory facet on the inferior surface of
acromion process other than the clavicular facet on
medial border of acromion process was observed in 14%
of scapulae.

Tip of acromion process
Comparison with previous studies is done in Table 2.
Superior border of scapula

To the best of our knowledge, no previous study was found
on types of superior border of scapula.

Conclusion

Clinical awareness of known and newly discovered
anatomical variations, which can be achieved through a
frequent review of the pertinent literature in specialized
journals, is the key to a successful outcome in the clinical
setting.

Table 1: Number (percentage) of anatomical variations in scapula in males and females on both sides

Observation Males (n=60) Females (n=40)
Right, n (%) Left, n (%) Right, n (%) Left, n (%)

Sulcus for circumflex scapular artery 13 (21.7) 19 (31.7) 14 (35) 14 (35)
Costal facets 0 0 2(5) 0
Presence of inferior border of scapula 3(5) 4(6.7) 3(7.5) 2(5)
Scapular foramina 1(1.7) 1(1.7) 3(7.5) 0
Inferior surface of acromion process

Rough 19 (31.7) 14 (23.3) 7 (17.5) 9(22.5)

Smooth 11 (18.3) 16 (26.7) 13 (32.5) 11 (27.5)
Facet on inferior surface of acromion process 3(5 2(3.3) 4(10) 5(12.5)
Tip of acromion process

Square 12 (20) 11 (18.3) 9 (22.5) 10 (25)

Intermediate 13 (21.7) 14 (23.3) 7 (17.5) 6 (15)

Cobra 5(8.3) 5(8.3) 4 (10) 4 (10)
Superior border

Horizontal 12 (20) 10 (16.7) 11 (27.5) 7(17.5)

Moderately oblique 10 (16.7) 7 (11.7) 4(10) 6 (15)

Markedly oblique 4(6.7) 7(11.7) 2(5) 2(5)

Saddle shaped 4(6.7) 5(8.3) 1(2.5) 2 (5)

Wavy 0 1(1.7) 2(5) 3(7.5)

Table 2: Comparison of types of acromion in different regional and international population

Population groups Authors Type of acromion process

Turkish Coskun et al.l'?! Intermediate type>cobra type>square tipped
Egyptian El-Din and Alil™ Intermediate type>square tipped>cobra type
Mabharashtra Wasavade and Yadav!!4 Intermediate type>square tipped>cobra type
Turkish Boyan et al.l Intermediate type>cobra type>square tipped
North Indian Present study Square tipped>intermediate type>cobra type
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- Original Article

Biotherapeutic Sufficiency of Virgin Coconut Oil on Paraquat-Mediated

Reproductive Dysfunction

Abstract

Introduction: Paraquat (PQ) affects male reproductive health with the risk of infertility. Virgin
coconut oil (VCO) has antioxidative and fertility properties. Thus, the histology of the testis
and seminal vesicles, spermatic indices, testosterone, malondialdehyde (MDA), and superoxide
dismutase level in Wistar rats exposed to PQ and treated with VCO was investigated. Material and
Methods: Twenty-four rats (150-200 g) were divided into groupings (A-D) with six rats per group.
Control (Group A) had a daily dose of 5 ml/kg of normal saline (NS) throughout the experimental
period of 24 days. Group B received NS and oral dose of 12.75 mg/kg of PQ at the last 3 days of
the experiment. Groups C and D were treated with 5 ml/kg and 10 ml/kg of VCO, respectively, for
21 days before PQ. The rats were then sacrificed. Blood samples were collected for biochemical
analysis and the organs were harvested for histology. Results: There was no significant rise in MDA
except in Group B. Groups C and D had significant decreases in sperm cells with unconventional
pinhead, contrasting difference in active motile cells and testosterone when compared to
Group B (P < 0.05). Normalcy in sperm count and a decrease in sperm cells with headless tails were
only seen in Group C (P < 0.05). Histological evaluations showed minimal damage in VCO-treated
groups. Discussion and Conclusion: VCO has a promising effect against PQ by modulating the
activities of its free radicals in a dose-dependent manner.

Keywords: Fertility, oxidative stress, paraquat, reproductive health, virgin coconut oil

Introduction

Adverse male reproductive health from
varying toxicities has been intimately
related to infertility.!!! The testis, seminal
vesicle, and epididymis are affected sites
that are prone to pathological changes

since they contribute to mammalian
reproducibility.?’ It is believed that
fertility ~ challenges  are  apparently

worrisome, especially in societies where
birth expectancies are high. Certain
agrochemicals like paraquat (PQ) under
different trade names are used as a better
alternative to manual weeding for their
efficacy.’) However, their usages posit
dangers to the reproductive function
as reported elsewhere. Redox cycling
and intracellular oxidative stress has
been implicated in the mechanism of
PQ-mediated toxicity.>®! Oxidative stress
is an important factor that affects the
development of male fertility because
of very high rate of cell division and
mitochondrial oxygen consumption in
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testicular tissues.l”” The associated health
risks from PQ toxicities result from
accidental ingestion and dermal exposures
with the intensity of toxicities being
dependent on dose.®! Currently, there
are no antidotes for the treatment of PQ
poisoning and therapeutic management
is  mostly supportive and directed
toward changing the disposition of the
poison.l'”  Development of an efficient
antioxidant therapy from novel compounds
of plant origin may provide the necessary
antidote that could attenuate the toxic
effects of PQ on reproductive function due
to their presumptive adequacies. Virgin
coconut oil (VCO) is a plant product
consumed as a dietary food. Unlike
ordinary coconut oil, VCO is enriched with
more polyphenols, tocopherols, sterols, and
squalene.'! Perhaps, this suggests why it
has continued to capture recent interest
as an antioxidant.'” From the foregoing
premise, it became germane to explore the
efficacies of dietary supplementations of
VCO on the male reproductive organs in
circumstances of PQ toxicity.
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Figure 1 : Micrograph of control section of the testis show normal architecture
with well clustered and numerous convoluted seminiferous tubule (ST)
lined by sertoli cell (SC), well-nourished spermatogenic cells (SPC).
H & E x400

St

Figure 3 : Micrograph of section of the testis pre-treated with low dose VCOfor21days
before paraquatadministration (Group C) shows nourished, large and well clustered
Seminiferous tubules (L & WCs ST) with preserved spermatogenic appearance.
H & E x400

Material and Methods

Fresh mature coconuts numbering thirty (30) were gotten
from a coconut farm situated in Ikwo Local Government
Area of Ebonyi State, Nigeria.

Plant preparation and extraction

The coconut shells were removed and the fleshy endosperms
were crushed into a viscous slurry. Five hundred ml of water
was added to the slurry obtained and squeezed through a
fine sieve to obtain coconut milk. The resultant coconut
milk was left for about 24 h to facilitate the gravitational
separation of the emulsion.!'*'* Extraction of VCO was done
by adopting a modified wet extraction method described in
a previous study.'S! The oil on the top layer was scooped,
de-moisturized, and filtered through a fine sieve. It was then
stored at room temperature for the experiment.

Figure 2 : Micrograph of section of the testis administered with paraquat only
(Group B) shows Apoptotic Seminiferous Tubules (ApST), Shrinked and Unevenly
spaced Seminiferous Tubules (marked by yellow star), Interstitial clogs (Icgs)
H & E x400

for 21days against paraquat toxicity (Group D) shows Nourished, larger sized
and Well clustered seminiferous tubules with preserved spermatogenesis
except for mild presence of vascular and interstitial clogs (lcgs)
H & E x400

Preparation of the reproductive toxin

PQ dichloride used as the toxicant was purchased under
the trade name Paraeforce, a product of Nanjing Redsun
Biochemical Company Ltd. The working solution was
constituted within a fume cupboard. 2.5 ml of the stock
solution (concentration of 200 g/L) was diluted in 400 ml
of distilled water, shaken, and left to stand for some
minutes before use.

Experimental animals

Twenty-four (24) Wistar rats (150 g-200 g) were
purchased and housed in the Animal Facility of Alex
Ekwueme Federal University Ndufu Alike Ikwo, Ebonyi
State (AE-FUNAI), Nigeria. The animals were kept in
well-ventilated cages under standard conditions. They were
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Figure 5 : Micrograph of Control section of Seminal vessicle (Group A)
shows healthy appearance such as numerous convolutional Mucosal folds
(MF) with mucosal crypts (MC) and secretory activity, Interstitial spaces (IS),
presence of well dispersed smooth muscles (SM) of (x400)(H/E)

before paraquat (Group C) show reduced and distorted folding (RDMF)
of the mucosal gland, a moderately preserved smooth muscle mass
(MPSM) around the gland as well as mild damage to the Interstitium.
H & E x400

fed with rat pellet and drinking water ad libitum. Their
weights were taken by the aid of an electronic weighing
balance during acclimatization and for the duration of the
experiment. Acclimatization period was for 1 week and the
experiment lasted for 24 days.

Induction of toxicity

Target organs were induced with toxicity through oral
administration of 12.75 mg/kg bwt of PQ chloride. This
dose represents 11.20% of the reported oral LD, of PQ in
male Wistar rats.!'®!

Dose determination coconut oil and

administration route

of virgin

An oral dose of 5 ml/kg of VCO with reported health
benefit served as the low dose for this present study.

Figure 6 : Micrograph of Seminal vesicle (Group B), show severe alteration
of the mucosal foldings (marked by arrows), disoriented and Atrophied
Smooth Muscles (ASM), Interstitial Erosion with associated lymphocytic
infiltration. H & E x400

Figure 8 : Micrograph of Seminal vesicle pre-treated with 10mi/kg
VCO before paraquat (Group D) show improved architecture with well-
defined and finely dispersed smooth muscle (WDSM), enveloping the
abundant and better organized mucosal folding and cryptic formation.
H & E x400

A high oral dose of 10 ml/kg of VCO being twice the low
dose was equally used in this study. These administered
doses were considered safe as the calculated percentages
lie below the limit of the established oral LD, of
vCo.inm

Experimental design

The animals were randomly assigned into six groups of
four rats each. Group A served as control that received
a daily dose of 5 ml/kg bwt of normal saline (NS)
throughout the experimental duration. Group B served as
the positive control that received NS as vehicular medium
and 12.75 mg/kg bwt of PQ on the last 3 days of the
experiment. The animals in Group C were pretreated with
5 ml/kg bwt of VCO for 21 days followed with a toxic
dose of PQ. Group D animals were equally pretreated with
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Table 1: Testosterone, SOD and MDA level.

GROUP A GROUP B GROUP C GROUPD
MDA 1.15+0.67 2.94+0.07* 2.60+0.33 2.20+0.03
SOD 13.33£2.10 11.66+0.80 4.85+2.05 16.05+1.76*
TESTOSTERONE 5.60+1.17 3.40+0.20%* 4.96+0.56 6.65+1.20°

Group A (control); Group B (Paraquat only); Group C (5ml VCO+PQ); Group D (10ml VCO+PQ); *=significant at P<0.05.The values

are the means+SD. n=6 in each group. ®° represent significant increases or decreases respectively at P<0.05 when the values are compared
with positive control (Group B). *,** represent significant increases or decreases respectively at <0.05 when values are compared with the
negative control (Group A).

Table 2: Sperm Morphology

SPERM MORPHOLOGY GROUP A GROUPB GROUP C GROUPD
Round Head 0.67+0.33 2.00+1.00 0.75+0.47 1.33+0.33
Pin Head 1.00+0.00 5.50+0.50* 1.504+0.50° 0.67+0.33°
Headless tail 2.00£1.00 5.50£1.50%* 1.50+0.28" 2.33+0.66
Bent Mid-Piece 1.33+£0.33 1.50+0.50 1.50+0.28 2.00+1.00
Coiled Tail 0.33+0.33 1.00£0.00 0.50+0.28 1.00+0.57

Group A (control); Group B (Paraquat only); Group C (5ml VCO+PQ); Group D (10ml VCO+PQ); *=significant at P<0.05.The values

are the means+SD. n=6 in each group. *° represent significant increases or decreases respectively at P<0.05 when the values are compared
with positive control (Group B). *,** represent significant increases or decreases respectively at P<0.05 when values are compared with the
negative control (Group A).

Table 3: Sperm Motility and Count.

Sperm parameter GROUP A GROUP B GROUP C GROUPD
Active Motility (%) 38.33+7.26 12.50+£7.50%* 30.00+10.21¢ 38.33+8.33¢
Sluggish Motility (%) 21.66+1.66 35.00+25.00* 23.7542.39° 25.00+7.64°
No motility (%) 40.00+5.77 52.50+32.50* 43.7549.21° 36.66+6.66°
Sperm count (X106) 54.33+5.24 37.00+6.00** 54.75+1.18 ¢ 48.33£1.85

Group A (control); Group B (Paraquat only); Group C (5ml VCO+PQ); Group D (10ml VCO+PQ); *=significant at P<0.05.The values

are the means+SD. n=6 in each group. *® represent significant increases or decreases respectively at P<0.05 when the values are compared
with positive control (Group B). *,** represent significant increases or decreases respectively at P<0.05 when values are compared with the
negative control (Group A).

a high dose of VCO for 21 days before toxic administration
of PQ.

solution. Sperm count procedure and determination of
morphological defect in sperm were done according to
Animal sacrifice and sample collection for biochemical  an earlier descriptive method."® Sperm motility was
evaluations evaluated following a small drop of semen on a warmed

At the end of the experiment, the animals were fasted slide, mixed with one drop of warm sodium citrate,

overnight, anesthetized with diethyl ether. Following a simple
cardiac puncture, blood samples were collected into plain
tubes and centrifuged at 3000 rpm for 10 min using a tabletop
centrifuge (P/C 03). The sera were separated and stored in
aliquots at —25°C for biochemical assays of testosterone,
superoxide dismutase (SOD), and malondialdehyde (MDA)
using commercially available Analyse Gold Kits. The pelvic
area was quickly and carefully incised. The testis and
seminal vesicles were harvested, blotted on filter paper, and
fixed in formal saline for routine histology.

Semen collection and evaluation of sperm parameters

Prior to fixing the testis, the caudal tip of the epididymis
was excised and placed into a Ringer’s physiological
saline solution. The tissue was minced and left for
a few minutes to liberate the spermatozoa into the

and covered with a glass slip. The percentage of sperm
cells in a unidirectional progressive movement over a
field on a slide was observed, using a research light
microscope as previously described.l') Sperm motility
was classified as highly motile sperm (sperms that could
be seen to cross the field of view very quickly), slightly
motile sperms, and nonmotile sperms. Morphological
defects in sperms were classified accordingly.?*?! In
general, all values were expressed as percentages of

normal sperm.
Estimation of testosterone level

This was done using the Testosterone AccuBind™Microplate
EIA test system following a descriptive procedure.
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Estimation of
dismutase

malondialdehyde and superoxide

The amount of lipid peroxidation using MDA was estimated
following an earlier descriptive method.”*! Quantification
of SOD was determined in line with known descriptive
techniques.?¥

Ethical approval

Guidelines relating to National Institutes of Health
Guide for the Care and Use of Laboratory animals (NIH
Publications No. 8023, revised 1978) were adhered to.!

Data analysis

The data obtained in this present study were subjected to
statistical analysis using the Statistical Package for Social
Sciences (SPSS) software, manufactured by IBM, Chicago,
USA version 23. Values were expressed as mean + standard
deviation for the groupings. Differences in the mean
between the groups were analyzed using one-way ANOVA.
Statistical significance was considered at P < 0.05.

Results

Comparing the groups [Table 1], there was a significant
difference in MDA level between groups that received only
PQ (Group B) and control group (Group A) (P < 0.05).
SOD was significantly increased in high-dose VCO
pretreatment group when the mean value was compared
with Group B (P < 0.05). Testosterone level decreased
significantly in Group B when the mean value was
compared with control (P < 0.05). However, there
was a significant increase in testosterone hormone in
high-dose VCO pretreatment group when compared to
Group B (P < 0.05).

Sperm morphology showed that among all the abnormalities
observed, there was a significant difference in sperm cells
presented with pinheads and headless tails between control
and Group B (P < 0.05). Although there was also a decrease
in pinhead sperm cells of Group D, only low-dose VCO
pretreatment group (Group C) had significantly decreased
number of sperms with headless tail and pinheads when
values were compared with Group B (P < 0.05). A detailed
comparison is given in Table 2.

Differences in the sperm motility and sperm count were
observed between the respective groups [Table 3]. Group B
had a significantly lowered sperm count when compared
with control (P < 0.05). Contrastingly, the sperm count
was significantly preserved when a comparison was made
between Groups B and C (P < 0.05). The result further
showed that sperm motility was not significantly affected in
both Groups C and D as otherwise seen in Group B when
their mean values were compared.

Histological micrographs

The result of the histology showed that sections of the
testis from the Control had normal tissue architecture
with numerous and well-organized seminiferous tubules
lined spermatogenic cells with normal progression of
spermatogenesis [Figure 1]. PQ administration resulted
in loss of seminiferous tubules, resorption in the mass of
sertoli cells, and spermatogenic cell series with possibilities
of an arrest of spermatogenesis [Figure 2]. However,
pretreatment with VCO showed an appreciable protection
against the adverse effect of PQ in a dose-dependent fashion
[Figures 3 and 4]. Micrographs of the seminal vesicle of
control (Group A) showed normal convoluted mucosal folds
with mucosal crypts and secretory cells, interstitial spaces,
and smooth muscles [Figure 5]. In contrast, micrographs
of Group B [Figure 6] administered with PQ only
showed severe fragmentations of mucosal folds and other
deleterious effects on the seminal vesicle. Mild-to-moderate
damage was observed in the histoarchitecture of Group C
[Figure 7] and Group D [Figure 8] pretreated with 5 ml
and 10 ml/kg VCO, respectively.

Discussion

PQ is a toxic agent that affects bodily organs on
environmental and occupational exposures.’®! Establishing
its reproductive toxicity and providing a potential
biotherapy are central to the priority setting of this study.
According to the WHO (2010), the preliminary basis for
ascertaining male infertility is through clinical evaluation
of sperm concentration, morphology, and motility.?”! Tt
is believed that the uptake of reactive metabolites of PQ
via processes of ionic mimicry into the tissues critically
interferes with the molecular and genetic transcription
factors like the HSF2 and OVOLI1 expressed in germ cells
as well as WT1, RHOXS, and SOXS8 expressed in sertoli
cells for regulating the development and maturation of
sperm cells. The sluggish and nonmotility of the sperms
could be due to impairment in the production of sufficient
Adenosine triphosphate (ATPs) hat would have otherwise
facilitated propulsive movements. Although sperm count
and sperm motility are regarded as the first and most
important predictors of fertility than sperm morphology,
primary morphological defects like acephalic sperms are
associated with decreased fertility.*®?! Therefore, these
sperm cells cannot initiate the acrosome reaction step of
fertilization process. This impairment has earlier been
associated with disorders in the spermiogenic epithelium
which occur in testicular degeneration.?” The low sperm
count, vast depth of nonmotile sperm, and morphological
abnormalities mediated by sublethal exposure to PQ
without treatment are clear evidence that it could cause a
rapid progression to infertility. This finding agrees with an
earlier report on the hazards of PQ to sperm.B!

Histological evaluations of the testis and seminal vesicle
in the group exclusively exposed to PQ also corroborate
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its adverse effect. Besides forming the blood—testis barrier,
the sertoli cells otherwise called “nurse” cells respond to
FSH to promote spermatogenesis. The degenerated mass of
the sertoli cells lining the empty seminiferous tubules may
point toward the germ cell aplasia or Del Castillo syndrome.
The genomic integrity of these spermatogenic cells may be
compromised since reactive oxygen species (ROS) have
been reported to affect spermatogonia DNAs.’233 These
findings agree with a similar report that PQ is genotoxic
as well as cytotoxic in germ cells.”* Furthermore, the
severe spermatogenic arrest observed could be linked to
the diminished level of testosterone since the primary role
of the male steroid hormone is in spermatogenesis. This
finding agrees with a previous report that PQ toxicity alters
testosterone levels.’>*! The mucosal folds and glands of
the seminal vesicle are composed of granular epithelia cells
that are active in protein synthesis.?”! Impairment of protein
synthesis and channel blockage via PQ-mediated damage
will affect the general integrity and functionality of the tissue.
The atrophied smooth muscle may suggest impairment in
the rhythmic contraction of the muscle to release abundant
seminal fluid rich in fructose and prostaglandin that nourishes
the sperm cells as they move into the ejaculatory duct
during ejaculation.’® By implication, there is a diminished
level or absence of factors that increase sperm motility,
factors that suppress the immune response in the female
reproductive tract against semen, and factors that clot and
then liquefy semen in the vagina. These events culminate in
the progression of infertility.

Testicular tissues are susceptible to oxidative stress damage
because they have comparably higher levels of unsaturated
fatty acids than other tissue. Intense oxidation of lipid
membrane is due to increased ROS.BP This alters the
structure, function of the cell membrane, and inadvertently
disposes cellular organelles to functional impairment.[*”
In the present study, the high lipid peroxidation could be
attributed to the excessively generated ROS from PQ in
oxidative stress. This lends credence to a previous report
on the basis of PQ-mediated damage.*! The surge in the
activity of SOD as seen in VCO high-dose pretreatment
group is a pointer toward oxidative stress as it suggests the
adaptive responses of the antioxidant in mopping up excess
free radicals. This finding in tandem with a previous report
on intracellular events associated with oxidative stress.[*”

The minimal damage in the histology of the testis,
seminal vesicle, sperm, and biochemical parameters
after pretreatments with VCO could be attributed to its
tocopherols, polyphenols, and phenolic compounds like
p-coumaric acid, protocatechuic acid, vanillic acid, ferulic,
caffeic acid, and lauric acid.***1 Being quite profound
in the VCO low-dose group, it is believed that these
biologically active ingredients are present in proportions
that do not distort the cellular homeostatic balances. They
may aid to considerably forestall rapid depolarization
of the seminiferous membrane for intracellular uptake

of reactive metabolites of PQ that could affect sperm
development. Consequently, the chances of an occurrence
of a progressive nonobstructive azoospermia may be halted
since the structural organization and functional role of
the sertoli cells, Leydig cells, seminiferous tubules, and
accessory organs of reproduction were relatively sustained.
This finding appears novel as it demonstrates the benefit
of VCO on the seminal vesicle. It may also be related to
documented evidences on the benefits of VCO on the testis,
as well as other reproductive indices in a dose-dependent
fashion.[#546]

Conclusion

Reproductive toxicity caused by PQ has remained a health
risk of major concern in various populations, especially
in West Africa. The treatment options when available
are usually expensive and few. VCO has shown a more
beneficial effect on male fertility and reproduction at low
dose by impacting positively on the functionality of the
testicular tissue and seminal vesicle in the release of fluid
during ejaculation. This could be attributed to its naturally
occurring constituents. Thus, harnessing and developing
the pharmacologically active ingredients as therapeutic
supplements may protect and promote the reproductive
health from adverse risks associated with PQ.

Financial support and sponsorship
Nil.
Conflicts of interest

There are no conflicts of interest.

References

1. Serap G, Suresh CS. Environmental risk factors related to male
reproductive health in Turkish society In: Suresh S, Wayne T ,
editors. Bioenvironmental Issues Affecting Men’s Reproductive
and Sexual Health. Elsevier’s Publisher, 2018. Ch. 3: p.41-52.

2. Jana K, Sen PC. Environmental toxicants induced male
reproductive disorders: Identification and mechanism of action.
Toxic Drug Testing, 2014;10:1-48.

3. Al RS, Khalil K, Raza SM, Khan H. Effect of herbicides and
row spacing on maize (Zea mays L.). Pak J Weed Sci Res
2003;9:171-4.

4. Nasibeh F, Mohammad H, Morteza H, Ranjbar A. Effects of
paraquat on testicular histomorphometry of male rats. Biol
Forum Int J 2015;7:573-5.

5. Ranjbar A. Evidence of oxidative damage in paraquat toxicity.
Zahedan J Res Med Sci 2014;16:1-8.

6. Bus JS, Aust SD, Gibson JE. Superoxide- and singlet
oxygen-catalyzed lipid peroxidation as a possible mechanism
for paraquat (methyl viologen) toxicity. Biochem Biophys Res
Commun 1974;58:749-55.

7. Asadi N, Bahmani M, Kheradmand A, Rafieian-Kopaei M. The
impact of oxidative stress on testicular function and the role
of antioxidants in improving it: A review. J Clin Diagn Res
2017;11:E01-5.

8. Zhou Q, Kan B, Jian X, Zhang W, Liu H, Zhang Z. Paraquat
poisoning by skin absorption: Two case reports and a literature

Journal of the Anatomical Society of India | Volume 70 | Issue 2 | April-June 2021 111



10.

11.

12.

13.

14.

15.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

12

Nwafor, et al.: Biotherapeutic sufficiency of virgin coconut oil

review. Exp Ther Med 2013;6:1504-6.

Fortenberry GZ, Beckman J, Schwartz A, Prado JB, Graham LS,
Higgins S, et al. Magnitude and characteristics of acute
paraquat- and diquat-related illnesses in the US: 1998-2013.
Environ Res 2016;146:191-9.

Suntres ZE. Exploring the potential benefit of natural product
extracts in paraquat toxicity. Fitoterapia 2018;131:160-7.

Colo U, Fife B. The Healing Miracles of Coconut Oil,
Healthwise. 3" ed. USA: Colorado Springs; 2013.

Famurewa AC, Ejezie FE. Polyphenols isolated from virgin
coconut oil attenuate cadmium-induced dyslipidemia and
oxidative stress due to their antioxidant properties and potential
benefits on cardiovascular risk ratios in rats. Avicenna J
Phytomed 2018;8:73-84.

Nour AH, Mohammed FS, Yunus RM, Arman A. Demulsification
of virgin coconut oil by centrifugation method: A feasibility
study. Int J Chem Technol 2009;1:59-64.

Onsaard E, Vittayanont M, Srigam S, McClements DJ. Properties
and stability of oil-in-water emulsions stabilized by coconut
skim milk proteins. J Agric Food Chem 2005;53:5747-53.

Nevin KG, Rajamoharr T. Virgin coconut oil supplemented
diet increases the antioxidant status in rats. Food Chem
2006;99:260-6.

Food and Agricultural Organisation (FAO). FAO Specifications
and Evaluations for Agrricultural Pesticides. Paraquat Dichloride
1, I’-Dimethyl-4, 4’-Bipyridinium Dichloride. Rome: Food and
Agricultural Organisation of the United Nations; 2008.

Ahmad HI, Khairul AZ, Sawsan SA, Mohamed BK, Shah AM.
In vivo oral toxicological studies of Nucifera; virgin coconut oil.
Malays J Pharm Sci 2011;9:27-37.

Wells ME, Awa OA. New technique for assessing acrosomal
characteristics of spermatozoa. J Diary Sci 1970;53:227.
Zemjanis R. Collection and evaluation of semen. In: Diagnostic
and Therapeutic Techniques in Animal Reproduction. Baltimore:
The Williams and Wilkins Company; 1997. p. 139-80.

Bloom E. The ultrastructure of some characteristic sperm defects.
Nord Vet Med 1973;25:283.

Parkinson T. Fertility and infertility in male animals. In:
Noakes DE, Parkinson TJ, England GC, editors. Arthur’s
Veterinary Reproduction and Obstetrics. 8" ed. Edinburgh:
Saunders Publishers; 2001. p. 695-750.

Tietz NW. Clinical Guide to Laboratory Test. 3" ed. Philadephia:
WA Saunders Co; 1995.

Umana UE, Timbuak JA, Musa SA, Samuel A, Joseph H,
Anuka JA. Acute and chronic hepatotoxicity and nephrotoxicity
study of orally administered chloroform extract of carica papaya
seeds in adult wistar rats. Int J Sci Res Publ 2013;3:1-8.
Winterbourn CC, Hawkins RE, Brian M, Carrell RW. The
estimation of red cell superoxide dismutase activity. J Lab Clin
Med 1975;85:337-41.

National Research Council (US). Committee for the Update
of the Guide for the Care and Use of Laboratory Animals.
Washington (DC): National Academies Press (US); 2011.

World Health Organisation (WHO). The WHO Recommended
Classification of Pesticides by Hazard and Guidelines to
Classification (2009). Geneva: World Health Organisation; 2010.
World Health Organization (WHO). WHO Laboratory Manual for
the Examination of human Semen. 5" ed. Geneva, Switzerland:
WHO Library Cataloguing-in-Publication Data; 2010. p. 142-69.
Venkatesh S, Pharm M, Singh G, Narmada PG, Rajeev K,

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Deecaraman M, et al. Correlation of sperm morphology
and oxidative stress in infertile men. Iran J Reprod Med
2009;7:29-34.

Schumacher J, Moll HD. Collection of semen. In: Schumacher J,
Moll HD, editors. A Manual of Equine Diagnostic Procedures.
Jackson, WY, USA: Teton New Media; 2011.

Bloom E. Fertility Int J Fertil Steril
1950;1:223-4.

Sutyarso M, Kanedi A. Impact of herbicide exposure on seminal
parameters among oil palm plantation workers in Lampung
province, Indonesia. Am J Biomed Res 2014;2:83-7.

Agarwal A, Virk G, Ong C, du Plessis SS. Effect of oxidative
stress on male reproduction. World J Mens Health 2014;32:1-7.
Sawyer DE, Roman SD, Aitken RJ. Relative susceptibilities of
mitochondrial and nuclear DNA to damage induced by hydrogen
peroxide in two mouse germ cell lines. Redox Rep 2001;6:182-4.
D’Souza UJ, Narayana K, Zain A, Raju S, Nizam HM,
Noriah O. Dermal exposure to the herbicide paraquat results in
genotoxic and cytotoxic damage to germ cell in the male rat.
Folia Morphol 2006;65:6-10.

Quassinti L, Maccari E, Murri O, Bramucci M. Effects of
paraquat and glyphosate on steroidogenesis in gonads of the frog
Rana esculenta in vitro. Pestic Biochem Physiol 2009;93:91-5.
Wasiu A. Abdulfatai A. Toxic effects of paraquat dichloride
leachate on testes and sperm parameters of male wistar rats. Int J
Anat Res 2019;7:6274-9.

Krause WJ. Krause’s Essential Human Histology for Medical
Students. 3 ed. Universal publishers, USA, 2005. p. 171-2.
Mescher AL. Junqueira’s Basic Histology. 13" ed. Singapore: Mc
Graw Hill Education; 2013. p. 292-4.

Vasilaki AT, McMillian DC. Lipid peroxidation. In: Schwab M,
editor. Encyclopedia of Cancer. Berlin Heidelberg: Springer;
2014. p. 2054-5.

Milei J, Forcada P, Fraga CG, Grana DR, Iannelli G,
Chiariello M, et al. Relationship between oxidative stress,
lipid peroxidation, and ultrastructural damage in patients
with coronary artery disease undergoing cardioplegic arrest/
reperfusion. Cardiovasc Res 2007;73:710-9.

Gawarammana IB, Buckley NA. Medical management of
paraquat injestion. Br J Clin Pharmacol 2011;72:745-57.
Cabafia-Muiioz ME, Parmigiani-lzquierdo JM, Bravo-Gonzalez
LA, Kyung HM, Merino JJ. Increased Zn/Glutathione levels
and higher superoxide dismutase-1 activity as biomarkers of
oxidative stress in women with long-term dental amalgam
fillings: Correlation between mercury/Aluminium levels (in
Hair) and antioxidant systems in plasma. PLoS One
2015;10:¢0126339.

Marina AM, Che Man YB, Nazimah SA, Amin I. Chemical
properties of virgin coconut oil. J Am Oil Chem Soc
2009;86:301-7.

lllam SP, Narayanankutty A, Raghavamenon AC. Polyphenols
of virgin coconut oil prevent pro-oxidant mediated cell death.
Toxicol Mech Methods 2017;27:442-50.

Ogedengbe OO, Naidu EC, Akangi EN, Offor U, Onanuga RO,
Peter AL, et al. Virgin coconut oil extract mitigates testicular
induced toxicity of alcohol use in antiretroviral therapy.
Andrology 2018;6:1-11.

Fischer VA, Fischer CE, Franscis C. Consumption of coconut
oil (Cocos nucifera) on sperm parameters of adult albino wistar
rats. J Biol Agric Healthc 2019;9:31-7.

in male animals.

Journal of the Anatomical Society of India | Volume 70 | Issue 2 | April-June 2021



[ ¥ Case Report

Sternalis and Transversus Thoracis Muscles: An Anatomical Variation and

Its Clinical Implications

Abstract

An unusual muscle was discovered during the dissection of the presternal and pectoral regions,
which, according to Jelev classification, can be considered a sternalis muscle. The identified right
sternalis muscle has a common origin with the sternal head of the right sternocleidomastoid muscle
and then splits in two bellies, the right one, much longer, which inserts on the right 2"-5" costal
cartilages, and the left one which inserts on the 23" left sternocostal joints. The sternalis muscle
was associated with a very poor developed right transversus thoracis muscle. The study is important
for the anatomists and more important for the clinicians, as this muscle’s presence may cause

diagnostic errors in the pectoral region.

Keywords: Anatomy, muscle anomaly, pectoral region, sternalis muscle, transversus thoracis

muscle

Introduction

In literature, the sternalis muscle was
reported as a uni- or bilateral parasternal
muscle, located between the superficial
fascia of the anterior thoracic wall
and the pectoral fascia. The origin
is on the manubrium of the sternum,
sternocleidomastoid fascia, pectoralis major,
the upper ribs, and their costal cartilages
and insertion on the lower ribs and their

costal cartilages, the rectus abdominis
sheath, and the aponeurosis of external
oblique muscle.!. Transversus thoracis

also called sternocostalis or triangularis
sternae,””) was classically described as four
to five slips, which spreads on the internal
surface of the anterior thoracic wall. Its
origin is on the xiphoid process, inferior
part of the sternum, and the adjacent costal
cartilages and insertion on the 2"-6" costal
cartilages.™

According to Jelev ef al., in 44.2% of
cases, the transversus thoracis muscle
was asymmetrical.®!  Sternalis muscle
may occur as an isolated supernumerary
muscle or associated with other anterior
thoracic wall unusual muscles, such as the
chondroepitrochlearis muscle, pectoralis
quartus, and pectoralis minimus. To the best
of our knowledge, the association between

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow._reprints@wolterskluwer.com

sternalis and the transversus thoracis muscle
anomaly have not been reported before.

Most of the studies regarding sternalis
muscle were anatomical studies performed
by cadaveric dissection; that’s why such
an accessory muscle’s clinical significance
is controversial. The sternalis muscle
was frequently discovered on magnetic
resonance or computed tomography
imaging, showing its importance among
surgeons because it may cause diagnostic
errors in the pectoral region™ and may be
used in breast reconstruction.

Case Report

The purpose of the present study is to
describe a rare anatomical variant of the
sternalis muscle, associate with a variation
of the transversus thoracis muscle,
significant for anatomists, but much more
important for clinicians.

During the routine dissection studies for
medical students in the presternal and
pectoral regions’, a unilateral variant of
the sternalis muscle was found located
on the right side in a 60-year-old male
formalin-fixed cadaver. This muscle takes
origin on the sternum’s manubrium’s
anterior surface by a common tendon with
the sternal head of the sternocleidomastoid
muscle. It then splits into two flat bundles,
right and left, their direction being

How to cite this article: Vaida MA, Damen NS,
Jianu AM, Grigorita L. Sternalis and transversus
thoracis muscles: An anatomical variation and its
clinical implications. J Anat Soc India 2020;69:XX-XX.

Monica Adriana
Vaida,

Nawwaf Sebastian
Damen’,

Adelina Maria
Jianu,

Laura Grigorita

Departments of Anatomy and
Embryology and 'Pediatric
Surgery, “Victor Babes”
University of Medicine and
Pharmacy, Timisoara, Romania

Article Info

Received: 08 November 2019
Accepted: 14 September 2020
Available online: ***

Address for correspondence:
Dr. Adelina Maria Jianu,
Department of Anatomy and
Embryology, “Victor Babes”
University of Medicine and
Pharmacy, 2 Eftimie Murgu
Square, 300041 Timisoara,
Romania.

E-mail: adelina.jianu@gmail.
com, adelina.jianu@umft.ro

Access this article online

Website: www.jasi.org.in

DOI:
10.4103/JASI.JASI_218_19

Quick Response Code:

© 2021 Journal of the Anatomical Society of India | Published by Wolters Kluwer - Medknow

113



Vaida, et al.: Sternalis muscle: An anatomical variant of the anterior chest wall

perpendicular to the major pectoralis muscle. Pectoralis
major muscles were normally placed. The right bundle
measured 8 cm in length, and 1.4 cm at its broadest
part, runs craniocaudally, parasternal, and inserts on the
costal cartilages at the 2"-5" rib level. The left flatband,
measured 2 cm in length, had a craniocaudal trajectory on
the sternum’s anterior surface, across the midline, becoming
parasternal and inserted on the 2"-3" [eft sternocostal
joints [Figure 1].

At the same time, the dissection revealed a very poorly
developed transversus thoracis muscle on the right side and
a very well-developed transversus thoracis muscle on the
left side [Figure 2].

A drawing was made to reveal the present case [Figure 3].

Discussion

Cabrolius first reported the sternalis muscle in 1604,
when he found a longitudinal band-like muscle situated
superficial to the sternum. Because of its relations, the
muscle was called “parasternalis” or “rectus sterni muscle,”
“sternalis brutorum” or “episternalis,” “rectus thoracicus
superficialis,” “rectus sternalis,” or “mystery” muscle.[”*]

Many authors investigated the sternalis muscle in different
populations and appeared to be present in 8% of the
cases.’) Due to its peculiar morphological position, it
has produced a literature of its own.l'” Its nerve supply
is variable, by the pectoral nerves or by the intercostal
nerves.!! Although its function is still unknown, most of
the authors agreed that it might participate in the chest
and shoulder joint movements, such as elevating the lower
part of the chest and acting as an accessory inspiratory
muscle.!! The transversus thoracis represents the primary
muscle of breathing in dogs, but in humans is an accessory
muscle for respiration, supporting the active expiration
by drawing down the costal cartilages.) The intercostals
nerves innervate it.

According to Huntington,'Y the sternalis is always
innervated by the anterior thoracic nerves, and hence
neurologically, it belongs to the pectoralis group muscles.
He reported three hypotheses regarding the derivation of
the sternalis muscle: Turner’s hypotheses describing the
sternalis as a reversional persistent remnant of the thoracic
cuticular muscle; Cunnigham’s hypotheses describing
the sternalis as a displaced and rotated segment of the
pectoralis major muscle; Eisler’s hypotheses describing
the direct derivation of the sternalis from the pectoralis
major due to an atypical widening of the ventral parts of
intercostal spaces. Huntington” classified the sternalis
in three types: well-developed sternalis coexisting with
pectoralis major anomalies; a slender form of the sternalis
muscle with normal pectoralis major; sternalis muscle
which presents a direct connection with pectoralis major.
According to Sadler,'! the myoblasts from thoracic and
abdominal hypomeres split into three layers and a ventral

Figure 1: Dissection revealing the right sternalis. Anterior view. (1)
Sternal head of the right sternocleidomastoid; (2 and 3) right belly of the
sternalis ([2] fibrous part;[3] fleshy part); (4) left belly of the sternalis

Figure 2: Dissection revealing the transversus thoracis. 1-5 (Red arrowhead).
Left transversus thoracis; 1-2 (red arrowhead). Right transversus thoracis

Figure 3: Drawing illustrated the right sternalis (a) and the transversus
thoracis (b). (a) (1 and 2) Clavicular and sternal heads of the right
sternocleidomastoid; (3) common origin of the right sternalis and sternal
head of the right sternocleidomastoid; (4) sternalis muscle; (5-8 a). insertion
of the right belly of the sternalis on the right 2"*-5t costal cartilages; (5-6
b). Insertions of the left belly of the sternalis on the 2"-3t |eft sternocostal
joints. (b) (1-2 a and 1-5 b) Right and left transversus thoracis
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longitudinal column. The thorax’s three layers consist of
external intercostal, internal intercostal, and transversus
thoracis muscle, and in the abdomen of internal oblique,
external oblique, and transversus abdominis muscles. The
longitudinal column is represented by the rectus abdominis
muscle in the abdominal region, infrahyoid muscles in the
cervical region, and disappears in the thoracic region or it
may be found as the sternalis muscle. The embryological
origin of the transversus thoracis muscle and the sternalis
muscle associated with a very poorly developed transversus
thoracis muscle may explain sternalis muscle presence like
a “compensatory” muscle for the transversus thoracis.

According to the Jelev et al. classification,!! the muscle
that we found is located between the superficial fascia and
pectoral fascia of the anterior thoracic region, originates on
the sternum and inserts on the costal cartilages. Therefore,
it can be considered sternalis muscle, Type 112 (one muscle
and two simple asymmetric bellies). A well-developed
muscular belly, like the right belly, in this case, associated
with an anomaly of the right transversus thoracis muscle,
can be regarded as a “symptomatic” sternalis muscle.

Conclusions

We report a variant of sternalis muscle, associate with a
variation of the transversus thoracis muscle, important for
anatomists, but much more significant for clinicians. Its
presence may interfere with the proper positioning of the
breast implants, cause changes in the electrocardiogram
and pain in the pectoral region, or misdiagnosed as a tumor
or a lesion in the anterior chest wall.
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- Case Report

A Unilateral Anomalous Muscle with an Uncommon Nerve Supply
Interconnecting the Biceps Femoris and the Gastrochemius

Abstract

This case study describes the morphology and embryology and hypothesizes the muscle action based
on the morphology of an anomalous muscle that extends from the long head of the biceps femoris
to the medial head of the gastrocnemius muscles. It has an uncommon nerve supply via the medial
sural cutaneous nerve which is mainly sensory in humans. This variation is different from other
similar variations involving the gastrocnemius and biceps femoris muscles. The case report will be
of benefit to diagnosis, clinical training, and surgical procedures as well as contribute to knowledge
on the type of nerve fiber carried by the medial sural cutaneous nerve or its components.

Keywords: Anomalous muscle, biceps femoris, gastrocnemius, medial sural cutaneous nerve, tensor

fascia suralis, third head of gastrocnemius

Introduction

The most common variation of the
gastrocnemius is the presence of an
additional head that inserts into the popliteal
fossa. This is called the third or accessory
head of the gastrocnemius muscle.!'*! This
abnormally placed muscle, with variable
proximities to the popliteal artery or vein,
may compress the popliteal vessels therefore
causing problems that may require surgical
interventions.>®!  Another variation that
often involves one or two hamstring (biceps
femoris or semitendinosus) muscles is
tensor fascia suralis or ischioaponeuroticus.
This muscle usually arises from either or
both hamstring muscles and then inserts by
blending with the fascia of the leg.”® The
present case study describes the morphology
and embryology and hypothesizes the
function of the anomalous muscle based on
its morphology and location. This muscle
variation is rare and has an uncommon
nerve supply via the medial sural cutaneous
nerve.

Case Report

A 71-year-old male cadaver (from bequests/
donation process) of South African of
European ancestry was used during a
routine dissection for the undergraduate
medical students, permitted under the
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Human Ethics number: W-CJ-140604-1.
After removing the skin and the deep
fascia (fascia lata) to reveal the popliteal
contents, a nerve-like structure initially
thought to be a tibial nerve or its variant
was observed in the fossa on the left leg.
By tracing the tendon proximally and
distally, the whole length of the anomalous
muscle [Figure la — indicated by arrows]
measuring approximately 43 cm in length
became obvious. The anomalous muscle
extended from the media side of the
long head of bicep femoris to the medial
head of the gastrocnemius muscles. For
morphological description, the anomalous
muscle [Figure la-c] had three observable
and distinguishable parts — proximal,
intermediate, and distal.

The proximal part, presumably the
muscle origin about 17 cm from the
ischial tuberosity [Figure 1b — indicated
by no-colour filled arrows], was fleshy,
flattened mediolaterally and had a muscle
belly that was about 2 cm wide and 16 cm
long. It attached to the bicep femoris
via a tendinous aponeurosis and tapered
distally to become tendinous (intermediate
part) at about 33 cm from the ischial
tuberosity. This part was supplied through
intramuscular branches of the sciatic nerve
innervating the bicep femoris.

The intermediate part [Figure la — indicated
by white arrows] was tendinous and laid
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Figure 1: Photographs showing (a) the extent of the anomalous
muscle (indicated by arrows) and its intermediate part (indicated by
white arrows), (b) the proximal part with its muscle belly (indicated
by no color - filled arrows) and (c) the distal part with its muscle
belly ([c] — indicated by black arrows) on the posterior aspect of the
lower limb. Photograph (d) shows a small muscular branch (11) from the
medial sural cutaneous nerve (9) supplying the anomalous muscle. 1:
Semitendinosus, 2: Long head of biceps femoris, 3: Short head of the biceps
femoris, 4: Tibial nerve, 5: Common fibular nerve, 6: Lateral head of the
gastrocnemius, 7: Lateral sural cutaneous nerve, 8: Small saphenous vein,
9: Medial sural cutaneous nerve, 10: Medial head of the gastrocnemius, 11:
Small muscular branch from the medial sural cutaneous nerve, M: Medial,
D: Distal

in line with the tibial nerve within the popliteal fossa. Its
tendon was thick and strong, measured about 12 cm long.
This tendon connected the two ends of the anomalous
muscle (i.e. the two bellies). Distally, it deviated slightly
to the medial side to attach to the muscle belly of the distal
part (at about 45 cm from the ischial tuberosity).

The distal part had a muscle belly and flattened
anteroposteriorly. It measured about 1.8 cm wide and
15 cm long [Figure lc — indicated by black arrows]. It
rested entirely on the medial head of the gastrocnemius
with the medial sural cutaneous nerve and the small
saphenous vein medial to it. Its fibers blended with the
superficial fibers of the medial head of the gastrocnemius
muscle (at about 60 cm from the ischial tuberosity) with
no visible tendinous aponeurosis. This part was presumed
to be the insertion of the anomalous muscle. On careful
examination, this part received a small muscular branch
from the medial sural cutaneous nerve [Figure 1d] which
was positioned underneath the muscle belly.

Discussion

Several variations involving human skeletal muscles are
common. These variations are often due to abnormalities

during the embryonic development of skeletal muscles. All
progenitor cells of the limb skeletal muscles are derived
from the somites® which were initially formed after a
series of migration and de-epithelization aided by several
transcription factors.'” Thereafter, the muscle masses
undergo sequence of orientation, mitosis, lengthening,
and delamination to form the individual muscles of the
limbs.”? It is thus believed that a failure in the sequence
of events (for example incomplete delamination or
disorientation) would result into variations sometimes seen
in humans.®1%

Most variations do not always present with severe clinical
problems; thus, they usually remain unnoticed. Some
however cause serious problems to structures within the
proximity of the muscle variation that may require surgical
intervention.”!’ A good example is the third head of the
gastrocnemius muscle which may compress the popliteal
neurovasculatures.l'+1 Morphologically, it is improbable
that the intermediate tendon (or its other parts) of the
present variation would have caused any clinical problems
in the subject while he was alive despite its close proximity
to the tibial nerve.

The tensor fascia suralis has no associated clinical
problem. It could arise from either the semitendinosus or
the biceps femoris or from both but ends as a tendon that
blends with the fascia of the leg."® A similar variation
was reported by Kumar and Bhagwat!'! which consisted a
proximolateral (attachment on the medial side of the long
head of biceps femoris), a proximomedial (attachment on
the medial side of the semitendinosus), a middle (fleshy
and tapered distally to form a somewhat “W” shaped
intersection), and a distal part (fleshy and inserted between
the two heads of gastrocnemius muscle). Another anomalous
muscle arising from the medial side of the long head of the
biceps femoris but fusing only with the semitendinosus has
also been described.'” A variation similar to the latter was
also reported by Somayaji et al.,''¥ but the muscle inserted
superficially into the tendocalcaneus.

The present case differs morphologically from other
variations in that the anomalous muscle only attached
to the long head of the biceps femoris before blending
superficially with the medial head of the gastrocnemius
where it received a muscular branch from the medial sural
cutaneous nerve — a striking feature of this anomalous
muscle. The medial sural cutaneous nerve arises from
the tibial nerve and it is the main trunk that forms the
sural nerve. In addition, the sural nerve formation is
highly variable; thus, it is often called a sural nerve
complex.l" Sural nerve transmits sensation from the
skin on the posterolateral area of the lower third of the
leg. However, the sural nerve may also carry motor
fibers which are considered rare in humans.!'*!5] This
uncommon innervation of a muscle variation involving the
gastrocnemius and biceps femoris has not been reported in
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the literature. This is of clinical relevance in that surgeons
need to investigate the complexity of sural nerve formation
and the type of fibers (sensory or motor) it conveys before
harvesting the nerve as an autograft. The sural, lateral, or
medial sural cutaneous nerve could be harvested depending
on factors such as the length of graft required and the
complex nature of sural nerve formation.!'! In this scenario,
for example, it would be the medial sural cutaneous nerve
that would be spared. Other clinical relevancies are in
research on nerve conduction studies as well as in nerve
biopsy for diagnosing neuropathies of unclear underlying
cause after conventional diagnostic assessments.['%]

It is reasonable to think that muscle variants may have
no specific function (i.e. redundant muscle slip) because
muscle variations often occur by accidents during
development. Morphologically, this anomalous muscle
could be said to have an origin (proximal end) and an
insertion (distal end). The muscle belly thickness and
the strong intermediate tendon signaled that this muscle
when it contracts and acts together with other hamstrings
would play a synergistic role during knee flexion. It must
be emphasized that documenting the exact functions
of muscle variations in cadavers may remain difficult,
but their morphological features may provide cues for
hypothesizing their action. Furthermore, the rarity of a
variation or when present could be unnoticed due to no
clinical problem that may warrant medical investigation.

Conclusion

This anomalous muscle is rare, and its uncommon
innervation further shows that the medial sural cutaneous
nerve carries motor fibers which may innervate an
anomalous muscle when present. Awareness of such
variation or its innervation will be of benefit during nerve
conduction studies, diagnosis, and surgeries. It is also
hypothesized that the anomalous muscle may have acted as
a synergist during knee flexion.
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Obituary

Prof. (Dr.) S. P. Tewari (October 1926 - May 2020): A Legendary Anatomist

and teacher

We hereby pay our homage to the departed soul of Prof.
(Dr.) S. P. Tewari who left us on May 17, 2020 at the age
of 94 years, The anatomical fraternity was deeply saddened
to hear the news of the passing away of Prof. (Dr.) S. P.
Tewari, former Head of the Department of Anatomy,
GSVM Medical College, Kanpur (UP). The loss is on
twin counts, on the professional level as academician and
teacher and as an excellent human being. Professor S P
Tewari was born on October 01, 1926, in Lucknow (UP)
and he did his premedical schooling from Lucknow. He
did his MBBS from K G Medical College, Lucknow, and
then, he joined state PMS services. His illustrious academic
career began with the completion of MS (Anatomy) from
K G Medical College, Lucknow, in the year 1961. After
that, he joined as a lecturer in the Anatomy Department at
BHU (Varanasi) and worked till 1966, then he joined in the
Anatomy Department at GSVM Medical College, Kanpur,
and worked till 1986, till his retirement as Professor and
Head.

From the very beginning of his career as Faculty in
Varanasi, he took interest in teaching and research.
Known as a very caring, loving, and disciplined teacher
to his undergraduate and postgraduate students, across
the spectrum, he had two very different approaches in
dealing with the students. At the undergraduate level,
he would very much teach the basics of anatomy to the
students, while he would look in depth in assessing the
finer points at the postgraduate level. He had a special
interest in Head and Neck anatomy and Cytogenetics. He
was instrumental in establishing the cytogenetics laboratory
in the Anatomy Department of GSVM Medical College,
Kanpur (UP). He has many research papers in reputed
national and international journals. He was an examiner in
various medical colleges. Post retirement, he practiced as
an infertility specialist in Kanpur till his demise and earned
a good name in the society, offering patients the best
medical care possible. Thanks to his concerned teaching as
an academician and the care he provided as a fine human
being to his students, spanning generations, they are spread
across the globe, many of whom are professors and head
of departments in various medical colleges. A huge chunk
of our academic credentials goes in honor of this great
teacher and a beloved human being. For all the students,
his untimely departure will leave a huge vacuum in this
field which is difficult to be filled in, in times to come.

He was known for the following characteristics: (a) He
was a stickler for time, be it professional or personal. He

Prof. (Dr.) S. P. Tewari
October 1926 - May 2020: A Legendary Anatomist and teacher

firmly believed the age old saying that time and tide wait
for no man. One should always be punctual. (b) He was
a very disciplined man and was of the rock-solid opinion
that inculcation of this practice coupled with hard work
is the foundation for the development of life and there is
no looking back once a person adopts this path. (c) He
believed in divine saying that health is wealth. He was very
health conscious, in tune of keeping which he was an ardent
practitioner of meditation and yoga for over six decades.
He would often mention that man should treat his body
like a temple, if a person is able to take care of his health
well, then, he can handle the other aspects seamlessly.
One of the basic reasons of his excellent health was that
he has a helping attitude toward everybody. He was a strict
vegetarian. (d) He always maintained the highest standard of
medical education and discipline in medical curriculum. (e)
He was also financially helpful to economically weaker
students but was very particular in maintaining his incognito
status, of not making his presence felt. He believed that if
a student comes to know the source that Professor Tewari
has been behind the help, then, that would give rise to
attachment. He was always detached from the result while
only believing in the performance of karma.

At this juncture, may I remind all the colleagues that, while
we all are saddened with the grief, but the occasion is more
than apt for us to take the pledge to commit ourselves to
raise the bar of medical education in India, to carry forward
the legacy of Prof. S P Tewari.

He left behind his wife, a son Dr Satyendra Tewari who
is a cardiologist (SGPGI Lucknow), and a daughter. I offer
my heartfelt condolences to his family and pray god to
give peace to his departed soul.
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- Erratum

Erratum: Examining the Antitumoral Effect of Cornelian Cherry (Cornus
mas) in Ehrlich Ascites Tumor-induced Mice

In the article titled “Examining the Antitumoral Effect of Cornelian Cherry (Cornus mas) in Ehrlich Ascites Tumor-induced
Mice”, published on pages 16-22, Issue I, Volume 68 of Journal of the Anatomical Society of India,!!! Figure 4 has been
incorrectly published. The figure legend and figure number are correct. The correct figure is mentioned below:

Figure 4

Reference

l. Yilmaz S, Alpa S, Nisari M, Karatoprak GS, Doganyigit Z, Ulger H, et al. Examining the antitumoral effect of
cornelian cherry (Cornus mas) in ehrlich ascites tumor-induced mice. J Anat Soc India 2019;68:16-22.
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- Instructions to Author

The Editorial Process

A manuscript will be reviewed for possible publication
with the understanding that it is being submitted to Journal
of the Anatomical Society of India alone at that point in
time and has not been published anywhere, simultaneously
submitted, or already accepted for publication elsewhere.
The journal expects that authors would authorize one
of them to correspond with the Journal for all matters
related to the manuscript. All manuscripts received are
duly acknowledged. On submission, editors review all
submitted manuscripts initially for suitability for formal
review. Manuscripts with insufficient originality, serious
scientific or technical flaws, or lack of a significant
message are rejected before proceeding for formal peer-
review. Manuscripts that are unlikely to be of interest to
the Journal of the Anatomical Society of India readers are
also liable to be rejected at this stage itself.

Manuscripts that are found suitable for publication in
Journal of the Anatomical Society of India are sent to
two or more expert reviewers. During submission, the
contributor is requested to provide names of two or three
qualified reviewers who have had experience in the subject
of the submitted manuscript, but this is not mandatory. The
reviewers should not be affiliated with the same institutes as
the contributor/s. However, the selection of these reviewers
is at the sole discretion of the editor. The journal follows
a double-blind review process, wherein the reviewers
and authors are unaware of each other’s identity. Every
manuscript is also assigned to a member of the editorial team,
who based on the comments from the reviewers takes a final
decision on the manuscript. The comments and suggestions
(acceptance/ rejection/ amendments in manuscript) received
from reviewers are conveyed to the corresponding author. If
required, the author is requested to provide a point by point
response to reviewers’ comments and submit a revised version
of the manuscript. This process is repeated till reviewers and
editors are satisfied with the manuscript.

Manuscripts accepted for publication are copy edited for
grammar, punctuation, print style, and format. Page proofs
are sent to the corresponding author. The corresponding
author is expected to return the corrected proofs within
three days. It may not be possible to incorporate
corrections received after that period. The whole process of
submission of the manuscript to final decision and sending
and receiving proofs is completed online. To achieve faster
and greater dissemination of knowledge and information,
the journal publishes articles online as ‘Ahead of Print’
immediately on acceptance.

Clinical trial registry

Journal of the Anatomical Society of India favors
registration of clinical trials and is a signatory to the
Statement on publishing clinical trials in Indian biomedical

journals. Journal of the Anatomical Society of India
would publish clinical trials that have been registered
with a clinical trial registry that allows free online access
to public. Registration in the following trial registers
is acceptable: http://www.ctri.in/;  http://www.actr.org.
au/; http://www.clinicaltrials.gov/; http://isrctn.org/; http://
www.trialregister.nl/trialreg/index.asp; and  http://www.
umin.ac.jp/ctr. This is applicable to clinical trials that have
begun enrollment of subjects in or after June 2008. Clinical
trials that have commenced enrollment of subjects prior to
June 2008 would be considered for publication in Journal
of the Anatomical Society of India only if they have been
registered retrospectively with clinical trial registry that
allows unhindered online access to public without charging
any fees.

Authorship Criteria

Authorship credit should be based only on substantial
contributions to each of the three components mentioned
below:

1. Concept and design of study or acquisition of data or
analysis and interpretation of data;

2. Drafting the article or revising it critically for important
intellectual content; and

3. Final approval of the version to be published.

Participation solely in the acquisition of funding or the
collection of data does not justify authorship. General
supervision of the research group is not sufficient for
authorship. Each contributor should have participated
sufficiently in the work to take public responsibility for
appropriate portions of the content of the manuscript. The
order of naming the contributors should be based on the
relative contribution of the contributor towards the study
and writing the manuscript. Once submitted the order
cannot be changed without written consent of all the
contributors. The journal prescribes a maximum number
of authors for manuscripts depending upon the type of
manuscript, its scope and number of institutions involved
(vide infra). The authors should provide a justification, if
the number of authors exceeds these limits.

Contribution Details

Contributors should provide a description of contributions
made by each of them towards the manuscript. Description
should be divided in following categories, as applicable:
concept, design, definition of intellectual content, literature
search, clinical studies, experimental studies, data
acquisition, data analysis, statistical analysis, manuscript
preparation, manuscript editing and manuscript review.
Authors’ contributions will be printed along with the
article. One or more author should take responsibility for
the integrity of the work as a whole from inception to
published article and should be designated as ‘guarantor’.
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Conflicts of Interest/ Competing Interests

All authors of must disclose any and all conflicts of interest
they may have with publication of the manuscript or an
institution or product that is mentioned in the manuscript
and/or is important to the outcome of the study presented.
Authors should also disclose conflict of interest with
products that compete with those mentioned in their
manuscript.

Submission of Manuscripts

All manuscripts must be submitted on-line through the
website  http://www.journalonweb.com/jasi.  First time
users will have to register at this site. Registration is free
but mandatory. Registered authors can keep track of their
articles after logging into the site using their user name and
password.

» If you experience any problems, please contact the
editorial office by e-mail at editor@jasi.org.in

The submitted manuscripts that are not as per the
“Instructions to Authors” would be returned to the authors
for technical correction, before they undergo editorial/
peer-review. Generally, the manuscript should be submitted
in the form of two separate files:

[1] Title Page/First Page File/covering letter:
This file should provide

1. The type of manuscript (original article, case
report, review article, Letter to editor, Images, etc.)
title of the manuscript, running title, names of all
authors/ contributors (with their highest academic
degrees, designation and affiliations) and name(s) of
department(s) and/ or institution(s) to which the work
should be credited, . All information which can reveal
your identity should be here. Use text/rtf/doc files. Do
not zip the files.

2. The total number of pages, total number of photographs
and word counts separately for abstract and for the
text (excluding the references, tables and abstract),
word counts for introduction + discussion in case of an
original article;

3. Source(s) of support in the form of grants, equipment,
drugs, or all of these;

4. Acknowledgement, if any. One or more statements
should specify 1) contributions that need acknowledging
but do not justify authorship, such as general support by
a departmental chair; 2) acknowledgments of technical
help; and 3) acknowledgments of financial and material
support, which should specify the nature of the
support. This should be included in the title page of the
manuscript and not in the main article file.

5. If the manuscript was presented as part at a meeting,
the organization, place, and exact date on which it was
read. A full statement to the editor about all submissions
and previous reports that might be regarded as

redundant publication of the same or very similar work.
Any such work should be referred to specifically, and
referenced in the new paper. Copies of such material
should be included with the submitted paper, to help the
editor decide how to handle the matter.

6. Registration number in case of a clinical trial and where
it is registered (name of the registry and its URL)

7. Conflicts of Interest of each author/ contributor. A
statement of financial or other relationships that might
lead to a conflict of interest, if that information is
not included in the manuscript itself or in an authors’
form

8. Criteria for inclusion in the authors’/ contributors’ list

9. A statement that the manuscript has been read and
approved by all the authors, that the requirements for
authorship as stated earlier in this document have been
met, and that each author believes that the manuscript
represents honest work, if that information is not
provided in another form (see below); and

10.The name, address, e-mail, and telephone number
of the corresponding author, who is responsible for
communicating with the other authors about revisions
and final approval of the proofs, if that information is
not included on the manuscript itself.

[2] Blinded Article file: The main text of the article,
beginning from Abstract till References (including tables)
should be in this file. The file must not contain any mention
of the authors’ names or initials or the institution at which
the study was done or acknowledgements. Page headers/
running title can include the title but not the authors’
names. Manuscripts not in compliance with the Journal’s
blinding policy will be returned to the corresponding
author. Use rtf/doc files. Do not zip the files. Limit the
file size to 1 MB. Do not incorporate images in the file.
If file size is large, graphs can be submitted as images
separately without incorporating them in the article file to
reduce the size of the file. The pages should be numbered
consecutively, beginning with the first page of the blinded
article file.

[3] Images: Submit good quality color images. Each
image should be less than 2 MB in size. Size of the
image can be reduced by decreasing the actual height and
width of the images (keep up to 1600 x 1200 pixels or 5-6
inches). Images can be submitted as jpeg files. Do not zip
the files. Legends for the figures/images should be included
at the end of the article file.

[4] The contributors’ / copyright transfer form (template
provided below) has to be submitted in original with the
signatures of all the contributors within two weeks of
submission via courier, fax or email as a scanned image.
Print ready hard copies of the images (one set) or digital
images should be sent to the journal office at the time of
submitting revised manuscript. High resolution images (up
to 5 MB each) can be sent by email.
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Contributors’ form / copyright transfer form can be
submitted online from the authors’ area on http:/www.
journalonweb.com/jasi.

Preparation of Manuscripts

Manuscripts must be prepared in accordance with “Uniform
requirements for Manuscripts submitted to Biomedical
Journals” developed by the International Committee of
Medical Journal Editors (October 2008). The uniform
requirements and specific requirement of Journal of the
Anatomical Society of India are summarized below. Before
submitting a manuscript, contributors are requested to
check for the latest instructions available. Instructions are
also available from the website of the journal (www.jasi.
org.in) and from the manuscript submission site http://
www.journalonweb.com/jasi).

Journal of the Anatomical Society of India accepts
manuscripts written in American English.

Copies of any permission(s)

It is the responsibility of authors/ contributors to obtain
permissions for reproducing any copyrighted material.
A copy of the permission obtained must accompany the
manuscript. Copies of any and all published articles or
other manuscripts in preparation or submitted elsewhere
that are related to the manuscript must also accompany the
manuscript.

Types of Manuscripts
Original articles:

These include randomized controlled trials, intervention
studies, studies of screening and diagnostic test,
outcome studies, cost effectiveness analyses, case-
control series, and surveys with high response rate. The
text of original articles amounting to up to 3000 words
(excluding Abstract, references and Tables) should be
divided into sections with the headings Abstract, Key-
words, Introduction, Material and Methods, Results,
Discussion and Conclusion, References, Tables and
Figure legends.

An abstract should be in a structured format under
following heads: Introduction, Material and Methods,
Results, and Discussion and Conclusion.

Introduction: State the purpose and summarize the
rationale for the study or observation.

Material and Methods: It should include and describe the
following aspects:

Ethics: When reporting studies on human beings, indicate
whether the procedures followed were in accordance
with the ethical standards of the responsible committee
on human experimentation (institutional or regional) and
with the Helsinki Declaration of 1975, as revised in 2000

(available at http://www.wma.net/e/policy/17-c_e.html).
For prospective studies involving human participants,
authors are expected to mention about approval of
(regional/ national/ institutional or independent Ethics
Committee or Review Board, obtaining informed consent
from adult research participants and obtaining assent
for children aged over 7 years participating in the trial.
The age beyond which assent would be required could
vary as per regional and/ or national guidelines. Ensure
confidentiality of subjects by desisting from mentioning
participants’ names, initials or hospital numbers, especially
in illustrative material. When reporting experiments on
animals, indicate whether the institution’s or a national
research council’s guide for, or any national law on
the care and use of laboratory animals was followed.
Evidence for approval by a local Ethics Committee
(for both human as well as animal studies) must be
supplied by the authors on demand. Animal experimental
procedures should be as humane as possible and the
details of anesthetics and analgesics used should be clearly
stated. The ethical standards of experiments must be in
accordance with the guidelines provided by the CPCSEA
and World Medical Association Declaration of Helsinki
on Ethical Principles for Medical Research Involving
Humans for studies involving experimental animals and
human beings, respectively). The journal will not consider
any paper which is ethically unacceptable. A statement on
ethics committee permission and ethical practices must be
included in all research articles under the ‘Materials and
Methods’ section.

Study design:

Selection and Description of Participants: Describe your
selection of the observational or experimental participants
(patients or laboratory animals, including controls) clearly,
including eligibility and exclusion criteria and a description
of the source population. Technical information: Identify
the methods, apparatus (give the manufacturerss name
and address in parentheses), and procedures in sufficient
detail to allow other workers to reproduce the results. Give
references to established methods, including statistical
methods (see below); provide references and brief
descriptions for methods that have been published but are
not well known; describe new or substantially modified
methods, give reasons for using them, and evaluate their
limitations. Identify precisely all drugs and chemicals
used, including generic name(s), dose(s), and route(s) of
administration.

Reports of randomized clinical trials should present
information on all major study elements, including
the protocol, assignment of interventions (methods of
randomization, concealment of allocation to treatment
groups), and the method of masking (blinding), based on
the CONSORT Statement (http://www.consort-statement.

org).
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Reporting Guidelines for Specific Study Designs

Initiative Type of Study Source

CONSORT Randomized http://www.consort-statement.

controlled trials org

Studies of diag- http://www.consort-statement.

nostic accuracy org/stardstatement.htm

QUOROM Systematic
reviews and
meta-analyses

STARD

http://www.consort- state-
ment.org/Initiatives/MOOSE/
moose.pdf statement.org/Ini-
tiatives/MOOSE/moose.pdf

STROBE Observational  http://www.strobe-statement.
studies in epide- org
miology

MOOSE  Meta-analyses  http://www.consort- state-

of observational ment.org/Initiatives/MOOSE/
studies in epide- moose.pdf
miology

Statistics: Whenever possible quantify findings and present
them with appropriate indicators of measurement error or
uncertainty (such as confidence intervals). Authors should
report losses to observation (such as, dropouts from a clinical
trial). When data are summarized in the Results section,
specify the statistical methods used to analyze them. Avoid
non-technical uses of technical terms in statistics, such as
‘random’ (which implies a randomizing device), ‘normal’,
‘significant’, ‘correlations’, and ‘sample’. Define statistical
terms, abbreviations, and most symbols. Specify the computer
software used. Use upper italics (P 0.048). For all P values
include the exact value and not less than 0.05 or 0.001. Mean
differences in continuous variables, proportions in categorical
variables and relative risks including odds ratios and hazard
ratios should be accompanied by their confidence intervals.

Results: Present your results in a logical sequence in the
text, tables, and illustrations, giving the main or most
important findings first. Do not repeat in the text all the
data in the tables or illustrations; emphasize or summarize
only important observations. Extra- or supplementary
materials and technical detail can be placed in an appendix
where it will be accessible but will not interrupt the flow
of the text; alternatively, it can be published only in the
electronic version of the journal.

When data are summarized in the Results section, give
numeric results not only as derivatives (for example,
percentages) but also as the absolute numbers from which
the derivatives were calculated, and specify the statistical
methods used to analyze them. Restrict tables and figures
to those needed to explain the argument of the paper and
to assess its support. Use graphs as an alternative to tables
with many entries; do not duplicate data in graphs and
tables. Where scientifically appropriate, analyses of the
data by variables such as age and sex should be included.

Discussion: Include summary of key findings (primary
outcome measures, secondary outcome measures, results

as they relate to a prior hypothesis); Strengths and
limitations of the study (study question, study design, data
collection, analysis and interpretation); Interpretation and
implications in the context of the totality of evidence (is
there a systematic review to refer to, if not, could one be
reasonably done here and now?, what this study adds to
the available evidence, effects on patient care and health
policy, possible mechanisms); Controversies raised by this
study; and Future research directions (for this particular
research collaboration, underlying mechanisms, clinical
research).

Do not repeat in detail data or other material given in
the Introduction or the Results section. In particular,
contributors should avoid making statements on economic
benefits and costs unless their manuscript includes economic
data and analyses. Avoid claiming priority and alluding to
work that has not been completed. New hypotheses may be
stated if needed, however they should be clearly labeled as
such. About 30 references can be included. These articles
generally should not have more than six authors.

Review Articles:

These are comprehensive review articles on topics related
to various fields of Anatomy. The entire manuscript should
not exceed 7000 words with no more than 50 references
and two authors. Following types of articles can be
submitted under this category:

* Newer techniques of dissection and histology
* New methodology in Medical Education
* Review of a current concept

Please note that generally review articles are by invitation
only. But unsolicited review articles will be considered for
publication on merit basis.

Case reports:

New, interesting and rare cases can be reported. They
should be wunique, describing a great diagnostic or
therapeutic challenge and providing a learning point for the
readers. Cases with clinical significance or implications will
be given priority. These communications could be of up to
1000 words (excluding Abstract and references) and should
have the following headings: Abstract (unstructured),
Key-words, Introduction, Case report, Discussion and
Conclusion, Reference, Tables and Legends in that order.

The manuscript could be of up to 1000 words (excluding
references and abstract) and could be supported with up
to 10 references. Case Reports could be authored by up to
four authors.

Letter to the Editor:

These should be short and decisive observations. They
should preferably be related to articles previously published
in the Journal or views expressed in the journal. They
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should not be preliminary observations that need a later
paper for validation. The letter could have up to 500 words
and 5 references. It could be generally authored by not
more than four authors.

Book Review: This consists of a critical appraisal of
selected books on Anatomy. Potential authors or publishers
may submit books, as well as a list of suggested reviewers,
to the editorial office. The author/publisher has to pay INR
10,000 per book review.

Other:

Editorial, Guest Editorial, Commentary and Opinion are
solicited by the editorial board.

References

References should be numbered consecutively in the order in
which they are first mentioned in the text (not in alphabetic
order). Identify references in text, tables, and legends by
Arabic numerals in superscript with square bracket after
the punctuation marks. References cited only in tables or
figure legends should be numbered in accordance with the
sequence established by the first identification in the text of
the particular table or figure. Use the style of the examples
below, which are based on the formats used by the NLM in
Index Medicus. The titles of journals should be abbreviated
according to the style used in Index Medicus. Use complete
name of the journal for non-indexed journals. Avoid using
abstracts as references. Information from manuscripts
submitted but not accepted should be cited in the text as
“unpublished observations” with written permission from
the source. Avoid citing a “personal communication” unless
it provides essential information not available from a public
source, in which case the name of the person and date of
communication should be cited in parentheses in the text.
The commonly cited types of references are shown here,
for other types of references such as newspaper items
please refer to ICMIJE Guidelines (http://www.icmje.org
or http://www.nlm.nih.gov/bsd/uniform_requirements.html).

Articles in Journals

1. Standard journal article (for up to six authors): Parija
S C, Ravinder PT, Shariff M. Detection of hydatid
antigen in the fluid samples from hydatid cysts by co-
agglutination. Trans. R.Soc. Trop. Med. Hyg.1996;
90:255-256.

2. Standard journal article (for more than six authors): List
the first six contributors followed by et al.

Roddy P, Goiri J, Flevaud L, Palma PP, Morote
S, Lima N. et al, Field Evaluation of a Rapid
Immunochromatographic Assay for Detection
of Trypanosoma cruzi Infection by Use of Whole Blood. J.
Clin. Microbiol. 2008; 46: 2022-2027.

3. Volume with supplement: Otranto D, Capelli G, Genchi
C: Changing distribution patterns of canine vector

borne diseases in Italy: leishmaniosis vs. dirofilariosis.
Parasites & Vectors 2009; Suppl 1:S2.

Books and Other Monographs

1. Personal author(s): Parija SC. Textbook of Medical
Parasitology. 3rd ed. All India Publishers and
Distributors. 2008.

2. Editor(s), compiler(s) as author: Garcia LS, Filarial
Nematodes In: Garcia LS (editor) Diagnostic Medical
Parasitology ASM press Washington DC 2007: pp 319-
356.

3. Chapter in a book: Nesheim M C. Ascariasis and
human nutrition. In Ascariasis and its prevention and
control, D. W. T. Crompton, M. C. Nesbemi, and
Z. S. Pawlowski (eds.). Taylor and Francis,London,
U.K.1989, pp. 87-100.

Electronic Sources as reference

Journal article on the Internet: Parija SC, Khairnar K.
Detection of excretory Entamoeba histolytica DNA in
the urine, and detection of E. histolytica DNA and lectin
antigen in the liver abscess pus for the diagnosis of
amoebic liver abscess. BMC Microbiology 2007, 7:41.
doi:10.1186/1471-2180-7-41. http://www.biomedcentral.
com/1471-2180/7/41

Tables

» Tables should be self-explanatory and should not
duplicate textual material.

» Tables with more than 10 columns and 25 rows are not
acceptable.

*  Number tables, in Arabic numerals, consecutively in the
order of their first citation in the text and supply a brief
title for each.

* Place explanatory matter in footnotes, not in the
heading.

» Explain in footnotes all non-standard abbreviations that
are used in each table.

* Obtain permission for all fully borrowed, adapted, and
modified tables and provide a credit line in the footnote.

* For footnotes use the following symbols, in this
sequence: *a Ta ia §7 ”aﬂ > **9 -H-’ ii

» Tables with their legends should be provided at the end
of the text after the references. The tables along with
their number should be cited at the relevant place in the
text

Hlustrations (Figures)

* Upload the images in JPEG format. The file size should
be within 1024 kb in size while uploading.

» Figures should be numbered consecutively according to
the order in which they have been first cited in the text.

» Labels, numbers, and symbols should be clear and of
uniform size. The lettering for figures should be large
enough to be legible after reduction to fit the width of a
printed column.
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* Symbols, arrows, or letters used in photomicrographs
should contrast with the background and should be
marked neatly with transfer type or by tissue overlay
and not by pen.

» Titles and detailed explanations belong in the legends
for illustrations not on the illustrations themselves.

*  When graphs, scatter-grams or histograms are submitted
the numerical data on which they are based should also
be supplied.

» The photographs and figures should be trimmed to
remove all the unwanted areas.

» If photographs of individuals are used, their pictures
must be accompanied by written permission to use the
photograph.

» If a figure has been published elsewhere, acknowledge
the original source and submit written permission from
the copyright holder to reproduce the material. A credit
line should appear in the legend for such figures.

* Legends for illustrations: Type or print out legends
(maximum 40 words, excluding the credit line)
for illustrations using double spacing, with Arabic
numerals corresponding to the illustrations. When
symbols, arrows, numbers, or letters are used to
identify parts of the illustrations, identify and explain
each one in the legend. Explain the internal scale
(magnification) and identify the method of staining in
photomicrographs.

» Final figures for print production: Send sharp, glossy,
un-mounted, color photographic prints, with height
of 4 inches and width of 6 inches at the time of
submitting the revised manuscript. Print outs of digital
photographs are not acceptable. If digital images are
the only source of images, ensure that the image has
minimum resolution of 300 dpi or 1800 x 1600 pixels
in TIFF format. Send the images on a CD. Each figure
should have a label pasted (avoid use of liquid gum for
pasting) on its back indicating the number of the figure,
the running title, top of the figure and the legends of the
figure. Do not write the contributor/s’ name/s. Do not
write on the back of figures, scratch, or mark them by
using paper clips.

* The Journal reserves the right to crop, rotate, reduce, or
enlarge the photographs to an acceptable size.

Protection of Patients’ Rights to Privacy

Identifying information should not be published in written
descriptions, photographs, sonograms, CT scans, etc., and
pedigrees unless the information is essential for scientific
purposes and the patient (or parent or guardian, wherever
applicable) gives informed consent for publication. Authors
should remove patients’ names from figures unless they
have obtained informed consent from the patients. The
journal abides by ICMIJE guidelines:

1. Authors, not the journals nor the publisher, need to
obtain the patient consent form before the publication

and have the form properly archived. The consent
forms are not to be uploaded with the cover letter or
sent through email to editorial or publisher offices.

2. If the manuscript contains patient images that preclude
anonymity, or a description that has obvious indication
to the identity of the patient, a statement about obtaining
informed patient consent should be indicated in the
manuscript.

Sending a revised manuscript

The revised version of the manuscript should be submitted
online in a manner similar to that used for submission of
the manuscript for the first time. However, there is no need
to submit the “First Page” or “Covering Letter” file while
submitting a revised version. When submitting a revised
manuscript, contributors are requested to include, the
‘referees’ remarks along with point to point clarification at
the beginning in the revised file itself. In addition, they are
expected to mark the changes as underlined or colored text
in the article.

Reprints and proofs

Journal provides no free printed reprints. Authors can
purchase reprints, payment for which should be done at the
time of submitting the proofs.

Publication schedule

The journal publishes articles on its website immediately
on acceptance and follows a ‘continuous publication’
schedule. Articles are compiled in issues for ‘print on
demand’ quarterly.

Copyrights

The entire contents of the Journal of the Anatomical
Society of India are protected under Indian and
international copyrights. The Journal, however, grants to
all users a free, irrevocable, worldwide, perpetual right of
access to, and a license to copy, use, distribute, perform
and display the work publicly and to make and distribute
derivative works in any digital medium for any reasonable
non-commercial purpose, subject to proper attribution of
authorship and ownership of the rights. The journal also
grants the right to make small numbers of printed copies
for their personal non-commercial use under Creative
Commons Attribution-Noncommercial-Share Alike 4.0
Unported License.

Checklist
Covering letter

» Signed by all contributors

» Previous publication / presentations mentioned
* Source of funding mentioned

» Conflicts of interest disclosed
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Authors

Last name and given name provided along with Middle
name initials (where applicable)

Author for correspondence, with e-mail address provided
Number of contributors restricted as per the instructions
Identity not revealed in paper except title page (e.g.
name of the institute in Methods, citing previous study
as ‘our study’, names on figure labels, name of institute
in photographs, etc.)

Presentation and format

128

Double spacing

Margins 2.5 cm from all four sides

Page numbers included at bottom

Title page contains all the desired information

Running title provided (not more than 50 characters)
Abstract page contains the full title of the manuscript
Abstract provided (structured abstract of 250 words for
original articles, unstructured abstracts of about 150 words
for all other manuscripts excluding letters to the Editor)
Key words provided (three or more)

Introduction of 75-100 words

Headings in title case (not ALL CAPITALS)

The references cited in the text should be after
punctuation marks, in superscript with square bracket.
References according to the journal’s instructions,
punctuation marks checked

Send the article file without ‘Track Changes’

Language and grammar

Uniformly American English

Write the full term for each abbreviation at its first
use in the title, abstract, keywords and text separately
unless it is a standard unit of measure. Numerals from 1
to 10 spelt out

Numerals at the beginning of the sentence spelt out
Check the manuscript for spelling, grammar and
punctuation errors

If a brand name is cited, supply the manufacturer’s
name and address (city and state/country).

Species names should be in italics

Tables and figures

No repetition of data in tables and graphs and in text
Actual numbers from which graphs drawn, provided
Figures necessary and of good quality (colour)

Table and figure numbers in Arabic letters (not Roman)
Labels pasted on back of the photographs (no names
written)

Figure legends provided (not more than 40 words)
Patients’ privacy maintained (if not permission taken)
Credit note for borrowed figures/tables provided

Write the full term for each abbreviation used in the
table as a footnote
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