Volume 28 - Number 3 May 2024

Indexed in:

CLARIVATE SCOPUS

« JCR:2020 « SJCR: 2020

» Q4 (21/23) » Q4 (31/39)

« LF.J.CI:0.19 « LF.: 0.162

DIALNET Emerging Sources Citation Index

EMBASE / Excerpta Medica LATINDEX. Catalogo v1.0 (2002-2017)

Published by: LOKI & DIMAS

www.eurjanat.com



T

European Journal of Anatomy

Volume 28 - Number 3 May 2024
ORIGINAL ARTICLES

Anatomic study of flexor carpi ulnaris and brachioradialis muscles

and their implication in reconstructive surgeries 275

Sushma S. Mandala, Prameela M Dass, Mangala M. Pai, Rajanigandha Vadgaonkar, Rajalakshmi Rai, Murlimanju B.V., Lakshmisha Rao

The possible protective role of vitamin C on rat parotid gland exposed
to Mobile PhONE Fradiation ........ceiieiiceiienicneniinicneeiennsseieessssteesssnsssesssnsssesssnsssssssnssssssssnsssssssnssssssonsasssses 2O
Zainab Altaib, W.S. Sabbah, Ashraf Albrakati, Ali Abdelhady, Abeer Mostafa

Transpalpebral transorbital endoscopic lateral approach to the middle cranial fossa:

anatomical study in cadaver .. 297
Juan R. Gras-Cabrerizo, Maria Martel-Martin, Maria Casasayas-Plass, Juan C. Villatoro-Sologaistoa,

Ainhoa Garcia-Lliberos, Humbert Massegur-Solench, Francisco Reina, Fernando Munoz-Hernandez

Prevalence of accessory carpal ossicles - a CT-based survey 307
Ozkan Kose, Levent Sarikcioglu, Mehmet Baris Ertan, Faruk Aykanat, Omer Faruk Egerci, Cemil Gurses

A cone beam computed tomographic study on foramen transversarium 315
Karthikeya Patil, Sanjay C.J., Mahesh K.P., Eswari Solayappan, Varusha Sharon Christopher, Namrata Suresh

Increased mucous cell population and modulation of Bax/Bcl-2 factors
characterize in vivo gastroprotective activity of Cissampelos owariensis in rats 323
Oluwasegun Olatomide, Dayo Omotoso

Morphometric analysis of the mastoid process using cone heam computed tomography............ 331
Karthikeya Patil, Sanjay C.J., Varusha Sharon Christopher, Eswari Solayappan, Sharath Niranjan, Deepa B.V.

Effect of oxytocin receptor antagonist (GSK-221-149-A) on mandibular

bone porosity in peri-menopausal rats 339
Ahmed S. Ahmed, Liju S. Mathew, Marwa M. Mona, Omaima K. Docmac, Hoda A. Ibrahim,

Amira M. Elshamy, Ehab M. Hantash, Rasha A. Elsisy®

A study of macrodontia of the permanent maxillary central incisors
among Delta State University students in Abraka, Nigeria 351
Ese Anibor, Okoro Ogheneyebrorue Godswill, Rosemary Obaremi

The relationship of medial sigmoid depression and sigmoid notch
morphology with vertical and sagittal growth patterns in Turkish population 357
Ali Cantiirk Giirleyiik, Defne Yalcin Yeler, ilknur Eninanc, Hasan Yeler

Expression analysis of leptin in nephrogenesis and renal carcinogenesis 365
Priyanka Parmesh, Roshni Sadashiv, U.S. Dinesh, Anil Bargale

The relationship between optic nerve and Onodi cells on CT scan 373
Lam Huyen Tran, Nguyen Le Vinh Thuan

CASE REPORTS
Aberrant origin of the left vertebral artery: clinical case and scientific literature...........cccee0eeunee. 381
Cristina Mesas, Francisco Quinonero, Gloria Perazzoli, Kevin Doello

Labial ankyloglossia - a case report on fusion of frenums 385
Sanjay CJ, Karthikeya Patil, Varusha Sharon Christopher, Vikram Jain

REVIEW
The utility of soft-preservation in Medical Education: Current trends & future directions ......... 389
Michael Leake, Aslam Ejaz, Romal Patel, Joy Y. Balta



ORIGINAL ARTICLE

Eur J Anat, 28 (3): 275-282 (2024)

Anatomic study of flexor carpi ulnaris
and brachioradialis muscles and their
implication in reconstructive surgeries
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Murlimanju B.V., Lakshmisha Rao

Department of Anatomy, Kasturba Medical College, Mangalore, Manipal Academy of Higher Education, Manipal, Karnataka, India

SUMMARY

Management of soft tissue loss around the
posterior aspect of the elbow region is most
challenging for clinicians, as it may require re-
constructive methods for the better healing of
wounds. One of the options for reconstructive
surgery is local muscle rotational flaps by the
flexor carpi ulnaris (FCU) and brachioradialis
(BR). This study aimed to explore the morphom-
etry and vascular anatomy of FCU and BR. Thirty
formalin-embalmed cadaveric upper extremi-
ties (16 right and 14 left) were utilized for this
study. The average length of the FCU muscle bel-
ly was 28.96 +2.16 cm within a range of 24.3 to
32.5 cm, and the average length of the tendon
was 10.05 + 2.2 cm, with a range of 6.9 to 14.3
cm. The number of vascular pedicles for FCU
was one in 5, two in 21, and three and four in
2 specimens respectively. All the pedicles arose
from the ulnar artery. The average length of the
BR muscle was 28.2 +3.58 cm, with a range of
22.8 to 36.8 cm, and the average length of its
tendon was 8.2 cm, with a range of 5.7 to 13.5
cm. In 90% of specimens, BR had only one vas-
cular pedicle and in 10% there were two pedi-

cles. These pedicles arose from the radial re-
current artery and the radial artery. Detailed
morphometric and topographic anatomy of the
vascular pedicles of FCU and BR are provided in
this study, which can be considered the morpho-
logical database for the South Indian population.

Key words: Elbow — Musculocutaneous flap -
Morphometry — Tendon transfer — Ulnar artery

INTRODUCTION

The posterior aspectofthe elbow region is prone
to soft tissue loss. Tissue loss is usually due to in-
jury, wound infection, burns, tumor excision,
etc. (Ooi et al., 2016). Management of tissue loss
around the posterior elbow region is more chal-
lenging for the clinicians, especially if infections,
exposure of bones or nerves complicate it. This
may require reconstructive methods for the better
healing of wounds (Sharpe et al., 2014). Improper
correction of the tissue loss may restrict the func-
tion of elbow movement and impair the function
of the upper limb (Kelly et al., 2015).
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There are several choices available for coverage
of soft tissue loss around the elbow. Local muscle
rotational flaps by flexor carpi ulnaris (FCU) and
brachioradialis (BR) are one such option fortissue
reconstruction (Sharpe et al., 2014). Adistal FCU
flap is useful in the correction of defects around
the wrist and hand areas, including the lower part
of the forearm (Yang et al., 2019). A few studies
have recently showed that FCU flap was used to
improve vascular supply and soft tissue cover-
age at non-union sites (Meals, 1989). The use of
FCU as transplant material for loss or paralysis of
extensor carpi radialis longus and brevis mus-
cle was reported by several authors (Green et al.,
1962; Wenner et al., 1988). Zambelli et al. (2019)
have used BR muscle flap for soft tissue repair at
the posterior elbow region with good results. BR
can be used as graft material in patients with low-
er brachial plexus injury (C7-T1), causing paraly-
sis of the flexor muscles of the forearm (Shrikanth
et al., 2018). FCU is the superficial muscle of the
forearm present on the medial aspect (Strandring,
2008). Its origin is from the humerus and ulna
and a tendinous arch connecting them. It takes
origin in the medial epicondyle of the humerus,
the medial margin of the olecranon process and
the upper part of subcutaneous posterior border

of the ulna. It gets inserts into the pisiform bone
mainly, through the pisohamate and pisometa-
carpal ligament to the hamate and fifth metacar-
pal bone. Its actions are flexion at the wrist and
adduction of the hand. The BR is the superficial
muscle along the lateral aspectofthe forearm, and
it forms the lateral boundary of the cubital fossa.
It arises from the lateral intermuscular septa and
the upper part of the lateral supracondylar ridge
of the humerus and gets inserted into the radius
proximal to its styloid process. It is a flexor of the
elbow in the mid-prone position. Itis supplied by
the radial or radial recurrent artery.

Several studies have described the morphom-
etry and vascular pedicles of FCU with variable
results (Sharpe et al.,, 2014; Payne et al., 2011;
Wysocki, 2008). Reports on the morphometry of
BR (Hospatna etal.,2020; Rohrich etal.,1995) and
the vascular anatomy of BR (Rohrich et al., 1995;
Sanger et al., 1994; Gilbert et al., 1980; Shen et
al., 2008) are available in different studies. Data
related to the morphometry and vascular anatomy
of FCU and BRin the Indian population are rarely
available in the literature.

The objective of the present research is to ex-
plore the morphometry and vascular anatomy of
both the FCU and BR in a South Indian population.

Fig. 1.- Dissected upper limb specimen depicting measurement of length of Flexor carpi ulnaris (FCU). a) Black line represents the
length of the FCU from the medial epicondyle (ME) to the pisiform bone (P). b) Red line represents the length of the tendon from the

musculocutaneous junction until the insertion on pisiform bone.



MATERIALS AND METHODS

Thirty formalin embalmed cadaveric upper ex-
tremities (16 right and 14 left sides) were utilized
for this study. Approval from Institutional Ethics
Committee, Kasturba Medical College, Manga-
lore was obtained for this study. The skin of the
forearm was incised and the superficial and deep
fascia were reflected. The forearm region was
meticulously dissected to look for the FCU and
BR muscles. FCU was reflected medially, and BR
was reflected laterally to observe the pattern of
its blood supply. The following parameters were
measured using a measuring tape and a digital
Vernier caliper (Aerospace Digital Vernier Caliper,
6”- 150 mm, China. Resolution: 0.01 mm):

1. Length of the FCU muscle was measured from
the medial epicondyle of the humerus to the
pisiform bone (Fig. 1).

2. Length of the FCU tendon from the myoten-
dinous junction until the insertion in the
pisiform bone (Fig. 1b).

3. Thetotal number of proximal vascular pedicles
of FCU and the source of origin of these vessels.

4. Distance of the vascular pedicles of FCU from
the tip of the medial epicondyle of humerus.

5. Distance of the distal vascular pedicle of FCU
from the ulnar styloid process.

6. Length of BR from its origin from the lateral
supracondylar ridge to its insertion above the
radial styloid process (Fig. 2).

7. The total number of vascular pedicles of BR
and the source of origin of these vessels.

8. Distance of the vascular pedicle of BR from tip
of lateral epicondyle (LE) of the humerus and
the tip of the olecranon process (OP) of the ulna.

RESULTS

Flexor carpi ulnaris

The average length of FCU was 28.9 6 + 2.16
cm with a range of 24.3 to 32.5 cm. The average
length of its tendon was 10.05 + 2.2 cm, with a
range of 6.9 to 14.3 cm (Table 1). The number of
vascular pedicles for FCU was one in 5, two in 21,
and three and four in 2 specimens respectively
(Fig. 3 a, b, ¢). All the pedicles of FCU arose from
the ulnar artery. The distance of the vascular ped-
icles of FCU from medial epicondyle and the dis-
tal-most pedicle from the ulnar styloid process is
depicted in Table 1.

Brachioradialis

The average length of the BR muscle was 28.2 +
3.58 cm with a range of 22.8 cm to 36.8 cm. The av-
erage length of the BR tendon was 8.2 cm with the
range of 5.7 cm to 13.5 cm. In the majority of spec-
imens, 27 (90%), BR had only one vascular pedicle.
However, in three specimens there were two ped-
icles (10%). In 17 specimens (56.66%) the arteri-
al pedicles arose from the radial recurrent artery
(RRA), whereas in 13 specimens (43.33%) they
arose from the radial artery (RA) (Fig. 4a and 4b).

Fig. 2.- Dissected upper limb depicting measurement of length of brachioradialis (BR). The black line represents the length of the
brachioradialis muscle from the lateral supracondylar ridge to its insertion above the radial styloid process, and the red line rep-
resents the length of the tendon from the musculotendinous junction to its insertion.

Sushma S. Mandala et al.
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Fig. 3a.- Left upper limb showing flexor carpi ulnaris with one proximal vascular pedicle (black arrow) arising from ulnar artery.
FCU- Flexor carpi ulnaris, UA- Ulnar artery, FDS- Flexor digitorum superficialis, FCR- Flexor carpi radialis, PL- Palmaris longus,
PT- Pronator teres, ME- medial epicondyle.

Fig. 3b.- Flexor carpi ulnaris with two proximal vascular pedicles indicated by black arrows. FCU- Flexor carpi ulnaris, UN- Ulnar
nerve, UA- Ulnar artery, FDS- Flexor digitorum superficialis, PL- Palmaris longus.

Table 1. Morphometric data and vascular pedicles of Flexor carpi ulnaris. ME: Medial epicondyle.

Parameters Min Max Mean SD

Length of FCU (cm) 24.3 325 2896 2.16
Length of FCU tendon (cm) 6.9 | 143 10.05 2.2

Distance of first vascular pedicle from ME (cm) 5.2 145 9.74 234
Distance of second vascular pedicle from ME (cm) 9.6 | 22.9 13.45 3.06
Distance of third vascular pedicle from ME (cm) 12.6  21.7 16.87 4.41
Distance of fourth vascular pedicle from ME (cm) 23 23 23.3 | 0.21
Distance of distal most vascular pedicle from the ulnar styloid process (cm) 3.7 18.6 1191 5.13
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Fig. 3c.- Left upper limb showing flexor carpi ulnaris with four proximal vascular pedicles indicated by black arrows. FCU- Flexor
carpi ulnaris, UN- Ulnar nerve, UA- Ulnar artery, FDS- Flexor digitorum superficialis.

Fig. 3d.- Dissected lower part of front of forearm showing distal vascular pedicle of Flexor carpi ulnaris arising from the ulnar ar-
tery (arrow). FCU- Flexor carpi ulnaris, UN- Ulnar nerve, UA- Ulnar artery, MN- Median nerve, ME- medial epicondyle, USP- ulnar
styloid process.

Fig. 4a.- Dissected right upper limb showing brachioradialis with vascular pedicle (black arrow) arising from radial artery. BR- Bra-
chioradialis, RA- Radial artery, PT- Pronator teres, BB- Biceps brachii muscle, FCR- Flexor carpi radialis.
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Fig. 4b.- Brachioradialis with vascular pedicle arising from radial recurrent artery (arrow). BR- Brachioradialis, RA- Radial artery,
RRA- Radial recurrent artery, BA- Brachial artery, UA- Ulnar artery, Bap- Bicipital aponeurosis, MN- Median nerve.

The average distance of the vascular pedicle of
BR from the LEwas 6.56 cm with arange of 4 cm to
13 cm, and from the OP was 8.84 cm with a range
of 6.2 cm to 14.5 cm.

DISCUSSION

Theoptionavailable for the corrections of soft tis-
sue loss around the elbow region include local and
axial fascio-cutaneous flaps, distant pedicle flap,
local muscle flaps by using anconeus, BR and FCU,
or distant muscle flaps by using latissimus dorsi,
etc. (Sharpe et al., 2014). Results of the previous
studies have shown significant benefits in using
FCU flap for soft tissue reconstruction around the
proximal forearm, elbow and distal arm region
(Sharpe et al., 2014; Payne et al., 2011).

The average length of the FCU muscle and its
tendons were 28.96 + 2.16 cm and 10.05 + 2.2
cm respectively in our study. Sharpe et al. (2014)
measured the length of FCU from the medial epi-
condyle to the pisiform bone, and found its aver-
age length as 28.3 cm with a range from 25.2 cm
and 32.6 cm. Payne et al. (2011) reported the av-
erage length of FCU from the olecranon process
to the pisiform bone as 27.4 cm. Wysocki et al.
(2008) measured the FCU length from the olec-
ranon process to the ulnar styloid process and re-
porteditas 26.6 cm. These findings correspond to

our study. The knowledge of the morphometry of
FCU is important because it can be transplanted
toimprove the wrist function in patients suffering
from cerebral palsy. The FCU can be transplanted
to the extensor carpi radialis longus and the ex-
tensor carpi brevis to improve the hand function
(Green et al,, 1962; Wenner etal., 1988).

In our study, the average number of vascular
pedicles was 2.3 with the range of 1 to 4 and all the
pedicles were arising from ulnar artery. The aver-
age distance of the first, second, third and fourth
vascular pedicles from the medial epicondyle
was9.74 cm, 13.45cm, 16.87 cm and 23.3 cm, re-
spectively. This finding is different from the study
by Sharpe et al. (2014). They have reported that
the average number of vascular pedicles of FCU
is 3.8, with a range from 2 to 7 and all the pedicles
were arising from the ulnar artery. The distance of
seven vascular pedicles were 5.6 cm, 8.2 cm, 12.2
cm, 14.6 cm, 20.1 cm, 21.3 cm and 27.5 cm from
the medial epicondyle. The average distance of the
proximal pedicle from OP was 5.9 cm and 5.0 cm
by Payne et al. (2011) and Wysocki et al. (2008),
respectively. Shen et al. (2008) in their anatomical
study reported that the ulnar artery provided vas-
cular pedicle in 86% and ulnar recurrent artery
in 14% of specimens. Andre et al. (2014) report-
ed harvesting FCU musculocutaneous flap is rel-



atively a faster and reliable procedure for tissue
loss around the olecranon process, as the prox-
imal pedicle is more constant in position (6 cm
from OP), and it does not require microsurgery,
because the pedicle can be easily visible. Ana-
tomical knowledge of FCU like the long length of
the muscle belly, its rich vascularity and its vicin-
ity to the elbow region, confirms that it is the best
suitable graft material for soft tissue loss.

In the present study, the average distance of
the distal capsular pedicle from the ulnar styloid
process was 11.91 cm with the range between 3.7
cm to 18.6 cm. The distal vascular pedicle is the
least reported in the literature. Yang et al. (2019)
studied the distance of the distal vascular pedi-
cle from the ulnar styloid process and reported
that the average distance was 3 cm, with a range
of 2.6 to 3.5 cm. They used a distal FCU flap for the
treatment of median nerve neuroma with carpal
tunnel syndrome in a patient following a previous
median nerve injury repair. Complete recovery
from symptoms of carpal tunnel syndrome like
cessation of pain and tingling
achieved in the patient within 4 weeks of treat-
ment. They concluded thatthe distal FCU flap can
also be utilized for the soft tissue reconstruction
of the distal forearm, wrist and hand region.

sensation were

The average length of the BR muscle in our study
was 28.2 cm and its tendon was 8.2 cm. In a study

by Hospatna et al. (2020), the average length of the
muscle belly and tendon of the BR were 21.22 cm
and 12.7 cm respectively. Rohrich et al. (1995)
reported the mean length of the BR tendon as 6.9
cm. BR can be used as a graft material in cases of
lower part of brachial plexus injury (C7-T1), caus-
ing paralysis of flexor muscles of the forearm, as
BR is commonly spared in these injuries because
of its innervation by C5, C6 (Srikanth et al., 2018).
BR can also be used as graft for flexor pollicis lon-
gus toimprove lateral pinch in tetraplegic patients
(Waters et al., 1985).

Rohrich et al. (1995) found vascular pedicle to BR
arising from RRA in 58%, BAin 24% and RAin 17%
of the study sample. Sanger et al. (1994) reported
the vascular pedicles from RA in 39.4%, RRA in
33.3% and BA in 27.3%. The report from Shen et
al. (2008) stated that the pedicles wearosere aris-
ing from RA in 38%, RRA in 33.3% and BAin 27.3%
of cases. Gilbert et al. (1980) found pedicles from
RRA (10%), RA (78%) and BA (12%). In our study,
we found that the arterial pedicles of the BR from
RRA in 56.66% and RA in 43.33% (Fig. 4) of cas-
es. We did not find vascular pedicles from BA. The
comparison of the vascular pedicle to BR between
our study and others in depicted in the Fig. 5.

Average distance of the vascular pedicle of from
LE was 6.4 cm in our study with the range of 4 cm
to 13 cm. The average distance of the pedicle from

Fig. 5.- Comparison data of origin of vascular pedicles of brachioradialis.
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OP was 8.84 cm with the range of 6.2 cm to 14.5
cm. Sanger et al. (1994) reported that the proximal
perforator of the BR was at the middle third of the
muscle in a majority of the specimens. However,
in literature review we did not find the distance of
the vascular pedicles from any bony landmarks.
Therefore, result of this study may benefit the cli-
nicians and researchers to know the level of vascu-
lar pedicle from the LE and OP and where to pivot
the flap. Zampeli et al. (2019) have used BR muscle
flap for soft tissue defect around elbow due to ar-
throplasty, postoperative infection or neuropathic
arthropathy causing elbow arthrodesis. They have
reported that all their patients had viable and func-
tional soft tissue coverage after flap surgery.

Increase in the knowledge of the anatomy of the
muscle, its blood supply, and level of perforators
is important in plastic and reconstructive surger-
ies. Muscle flaps by anconeus, BR and FCU are the
preferred choice for significant defectsin the pos-
terior elbow region, especially when it is associ-
ated with infection, because they provide bulkier
tissue than the othertype of flap (Patel et al., 2013).

We have presented the comprehensive data of the
morphometry and vascular anatomy of FCU and BR
in a South Indian population. We have also provid-
ed the data related to the level of vascular pedicles
of BR, which is scarcely available in the literature.
However, the age and gender differences of these
morphometric data were not determined in this
study. These are the limitations of this research.

CONCLUSION

The present study reports the morphometric
and vascular anatomy of FCU and BR. The de-
tailed data about the topographic anatomy of the
vascular pedicle are provided, which can be con-
sidered the morphological database for the South
Indian population. These data are beneficial to
the surgeons for tendon transplants and muscle
flap surgery to cover the soft tissue loss around the
elbow and wrist region.
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SUMMARY

The widespread use of cell phones recently has
raised interest in studying the safety of exposure
to their electromagnetic waves. This study aimed
to evaluate the possible protective role of vitamin
C (Vit. C) against the pathological effects produced
by the relatively long duration of third-generation
mobile phone radiation exposure in the parot-
id gland of male white albino rats. Also, to detect
the expected recovery after 4 weeks of withdraw-
al by immunohistochemical, histopathological,
and biomolecular studies. Forty male adult white
albino rats were used in this study, equally divid-
ed into 4 groups of 10 rats in each group: Group
I served as the sham control group; Group II was
exposed to radiation by phone generator (2100
MHz) for 3 hours/day for 5 days/week for 6 weeks;
and Group III was exposed to phone radiation sim-
ilar to Group II and supplemented with Vit. C at a
dose of 40 mg/kg for 5 days per week for 6 weeks.
Group IV (withdrawal) was exposed to radiation
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as Group II, then left without intervention for 4
weeks. Histological and immunohistochemical,
and the biochemical evaluation of oxidative stress
within parotid tissue (malonaldehyde (MDA), su-
peroxide dismutase (SOD), salivary total protein,
and amylase activity). qRT-PCR for TGF, MMP2,
NFKB, and TNF gene expression was performed
in this study. Histological examination of the pa-
rotid gland in group II showed many histological
changes, such as degenerative changes in the duct
system, epithelial lining of the acini, interstitial
space which different collagen fibers and poly-
saccharides, blood capillaries, and nuclei. Also,
alpha smooth muscle actin (a-SMA) and Ki-67
were aggravated. The statistical analysis showed
that treating rats with vitamin C improved the
parotid glands’ ability to secrete amylase activi-
ty and total protein. It also fixed the antioxidant.
Inflammatory cytokines TNF, NFKB, and fibrot-
ic marker TGF and MMP2 gene expression were
significantly upregulated in the exposed group,
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which was restored nearly to the control group
after Vit C supplementation. Long-term exposure
to mobile radiation affected the secretory func-
tion and the histological structure of the parotid
tissues. Vitamin C supplementation ameliorated
these pathological effects.

Key words: Mobile phone radiation — MDA -
SOD — Vitamin C — a-SMA

INTRODUCTION

In recent times, non-ionizing radiation, par-
ticularly microwave radiation emitted by mobile
phones, has become ubiquitous, with almost the
entire global population utilizing these devices
(Rosado et al., 2014). The potential health impacts
of mobile phone radiation had been the previously
studied with relevant positive association. The In-
ternational Agency for Research on Cancer (IARC)
has classified the electromagnetic fields (EMF)
generated by mobile phones as potentially carcino-
genic, emphasizing the importance of ongoing pub-
lic health surveillance. Over the last two decades,
several studies had been developed on the effects
of mobile phone radiation on head and neck can-
cers, with the parotid gland being identified as par-
ticularly vulnerable due to its proximity to mobile
phone usage. The widespread adoption of 3G mo-
bile technology has raised concerns about both the
thermal and non-thermal effects of electromagnetic
radiation. There is growing apprehension regarding
the mechanisms by which mobile phones may exert
their adverse effects, including the potential for in-
ducing oxidative stress and disrupting antioxidant
defense systems. Saliva, a critical component in
maintaining oral health, is produced predominantly
by the major salivary glands, with the parotid gland
contributing significantly. Disruptions in salivary
gland function can lead to xerostomia, a condition
with challenging side effects, highlighting the ur-
gency for effective protective measures against mo-
bile phone radiation. This study aims to explore the
protective effects of Vitamin C on the parotid glands
of male Albino rats exposed to 3G mobile phone
radiation, assessing both the immediate and long-
term recovery potential through histopathological,
immunohistochemical, and biomolecular analyses.

MATERIALS AND METHODS

Used drug

Effervescent Vit C (vitacid C) tablets were pur-
chased from Chemical Industries Development
Company, Giza, Egypt. Each tablet contains 1000
mg of Vit C.

Animals

The study included 40 healthy adult male white
albino rats had 3-4 months age, weighing 200-230
gm obtained from the animal house of Faculty of
Medicine Helwan University and handled accord-
ing to the guidelines after the approval of the Re-
search Ethics Committee (REC) for human and
animal research with approval number (REC-FM-
HU-38-2023) from the animal house-Faculty of
Medicine Helwan University. The animals were
maintained at 50-70% humidity, temperature of
22 +2°Cand with a 12 hlight/dark cycle. All efforts
were done to reduce animals’ suffering. Sample
size was calculated using the G power software.
Based on Rosado et al. (2014), we found that ten
rats per group were an appropriate sample size
for the study, with total sample size 40 rats (four
groups). a error probability = 0.05, power = 80%
and, effect size = 0.56, after acclimatization, rats
were randomly divided equally into 4 groups (10
rats for each group):

+ Group I (Sham control): rats were given 0.5 ml
of distilled water once /day/orally for 5 days/
week for 6 weeks.

+ GroupII (irradiated group): rats were exposed
to mobile phone generator radiation 2100
MHz EMF 3hrs/day (between 10 am and 1 pm)
for 5 consecutive days /week for 6 weeks.

«  Group III:( irradiated + vitamin C group): rats
were given 40mg/kg Vit C orally, one hour
before exposure to irradiation as in group II
(Jelodar et al., 2013).

+ Group IV: (irradiated + withdrawal group):
rats were exposed to irradiation as in group II,
then left for withdrawal without intervention
for further4 weeks.



Exposure system and application of electro-
magnetic field

Animals were exposed to 2100 MHz radiofre-
quency radiation emitted by an electromagnetic
field generator (Trannsteltrafo. LTS 602) simu-
lating a 3G mobile phone for 3hrs/day (between
10 am and 1 pm) for 5 consecutive days /week
for 6weeks. A specially designated exposure sys-
tem of electromagnetic field (EMF) was used with
dipole exposure antenna and round plastic tube
cage (Holiday Industries Inc., UK) (El-Bediwi et
al., 2011). The animals were sacrificed by cer-
vical dislocation (El-Akabawy et al., 2015) at the
end of the experiment, right parotid glands of all
rats were carefully dissected and divided into two
parts. One part was used for histological evalua-
tion, and the other is for biomolecular analysis.

Biomolecular analysis

Estimation of oxidative markers MDA and
antioxidant marker SOD

Parotid tissue Malondialdehyde (MDA) was as-
sessed by ELISA technique according to kit in-
struction: MYBio source, USA. Cat # MBS2605193
Parotid tissue superoxide dismutase (SOD) was
assessed by ELISA technique according to kit in-
struction: MYBio source, USA. Cat # MBS036924.

Collection and preparation of saliva

Whole saliva was collected after 10-hrs fasting
according to a standardized method. Using 0.1 ml/
kg Hypnorm IM (Janssen Pharmaceutical, Beerse,
Belgium) The animals were anaesthetized. Saliva
secretion was stimulated by injection of a combi-
nation of 2.5 mg/kg body weight of isoproterenol
(Sigma Chemical Co., St. Louis, MO) and 2.5 mg/
kg body weight of pilocarpine (Sigma Chemical
Co., St. Louis, MO) subcutaneously. To prevent the
contamination from tears and nasal secretion,
the rats were put with their mouth placed over a
plastic cup; also to ensure a constant body tem-
perature for 3-5 minutes during saliva collection,
the rats were placed under electric lamps. The
collected saliva samples were centrifuged for 10
minutes at 3000 rpm; the biochemical parame-
ters of the supernatants were analyzed (Johans-
son et al., 1989).

Estimation of salivary amylase activity

Salivary amylase activity was assessed by ELI-
SA technique according to kit instruction: MYBio
source, USA. Cat # MBS8806064.

Estimation of salivary total protein

Salivary total protein was assessed by ELISA
technique according to kit instruction: MYBio
source, USA. Cat # MBS3808613.

Quantitative RT-PCR for studied genes

Parotid tissues from all groups were homog-
enized for total RNA extraction in 300 ul of ly-
sis buffer according to kit instruction Gene JET
Kit (Thermo Fisher Scientific Inc., Germany,
#K0732). 5 ul from the total RNA were used for
gRT-PCR using the Step-one instrument (Applied
Biosystems, U.S.A.) according to kit instructions
(SensiFASTTM SYBR R Hi-ROX) (catalog num-
ber PI-50217 V). Thermal cycles were as follows:
15min for 45°C for one cycle for cDNA synthesis,
10 min at 95°C for reverse transcriptase enzyme
inactivation, followed by 40 cycles for amplifica-
tion. Each cycle was continued for: 10 s at 95°C,
30 s at 60°C, and 30 s at 72°C. The expression of
studied genes was normalized to GAPDH and ana-
lyzed by AA ct method.

Primer sequences for TGF gene:

forward, 5'-CCCAGCATCTGCAAAGCTC3'
reverse, 5’GTCAATGTACAGCTGCCGCA3'
MMP2gene

Forward, 5'GTCTTCCCCTTCACTTTTCTG3'
reverse, 5'CGGAA GTTCTTGGTGTAGGTG3'
NFKB gene

forward, 5’AATTGCCCCGGCAT3'

reverse, 5'TCCCGTAACCGCGTA3

TNF gene

forward, 5’'CTCTTCTGCCTGCTGCACTTTG3'
reverse, 5’ ATGGGCTACAGGCTTGTCACTC3'
GAPDH gene

forward, 5’'CATGTTCGTCATGGGGTGAACCA3'
reverse, 5’ AGTGATGGCATGGACTGTGGTCAT-3'
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Histological study

The right parotid salivary glands of all rats were
dissected and were fixed in neutral buffered 10%
formalin, dehydrated, embedded in paraffin, sec-
tions of 5 um-thick were cut, stained with H&E to an-
alyze the histological structure, Masson’s trichrome
stain was done to assess collagen fiber content. The
presence of glycoprotein at the basement mem-
brane was detected by Periodic acid Schiff (PAS)
staining histochemical study (Suvarna et al., 2013).

Immunohistochemical study

In this study using immunohistochemistry for
alpha smooth muscle actin («SMA) helped iden-
tify the myoepithelial cells (MECs) during their
differentiation (Suvarna et al., 2013), and Ki- 67
immune staining was used to detect the cellular
proliferation (Maher et al., 2020).

Immunostaining for a-SMA

It was performed on deparaffinized, rehydrated,
sections of 5-um-thick were blocked with 1.5%
normal goat serum in PBS. The sections were in-
cubated with 6 ml prediluted primary (1ry) mouse
monoclonal antia-SMA antibody (Ab) (ab5694)
(Dako Corporation, Glostrup, Denmark) for 45
minutes at room temperature, then incubated
with a second-stage biotinylated antibody for 1
h, at room temperature (biotin conjugated goat
anti-rabbit IgG, 1:200,). The reaction products
were visualized after rinsing in PBS by immers-
ing the section into the chromogen diaminobenzi-
dine. Finally, counterstaining of the sections was
done with Mayer’s hematoxylin, dehydrated, and
mounted. The positive cells for a-SMA showed
brown cytoplasmic reaction. The negative control
was processed in the same way, but omitting the
step of 1ry Ab (Suvarna et al., 2013).

Immunostaining for Ki-67

5-um paraffin sections were used for immu-
nohistochemical detection of Ki-67 antigen us-
ing a rabbit monoclonal antibody. Hydration, and
blocking of endogenous peroxidase was done
after standard deparaffinization, sections were
processed in a microwave oven twice (5 min each)
at high power. Followed by a standard streptavi-
din-biotin peroxidase technique to detect the an-

tigen. Sections were incubated at room tempera-
ture with anti-Ki-67 (dilution 1:40, DAKO, USA) for
30 min diaminobenzidine (Sigma Fast DAB). May-
er’s haematoxylin solution was used for counter-
staining. The same streptavidin—biotin technique
was used in tissue sections, where 1% BSA in PBS
replaced the primary antibody for negative con-
trol. The nuclear (nucleoplasmic) staining for Ki-
67 was considered positive (Maher et al., 2020).

Morphometric study

Using Leica Quin 500LTD (Cambridge, UK) com-
puter assisted image analysis system. The count
of vesicular nuclei was performed in H&E-stained
sections. The area percentage of collagen fibers
stained with Masson trichrome and PAS positive
staining of basement membrane was measured
using binary mode.

The area percentage of a-SMA +ve MECs and
that of Ki-67 positive nuclei were performed using
interactive measurements menu (The Ki-67-pos-
itive nuclei were counted through a minimum of
200 cells per field in five different fields at x400
magnification). The Ki-67 labeling index (Ki-67
LI) is the number (%) of positive cells (Luo et al.,
2005; Hashemipour et al., 2014). The measure-
ments were done in 10 high power fields.

Statistical analysis

Statistical analysis of the studied parameters
was performed by using SPSS program (version
25; SPSS Inc., Chicago, Illinois, USA). Values were
expressed as means * SD and compared using
ANOVA test. P <0.05 was considered statistically
significant (Emsley et al., 2010).

RESULTS
General observations

No rat deaths were observed during the experi-
ment. The electromagnetic fields were well toler-
ated by the animals throughout the study.

Histological results
Haematoxylin.and.Eosin.stain

Group I (sham control group): The sections of pa-
rotid glands of the control group using the light



microscope showed the normal architecture. It is
formed of stroma, which consists of the connec-
tive tissue capsule and the septa extending from
capsule and dividing the glands into lobules. The
parenchyma between the septa consists of groups
of pure serous acini, and were lined by pyrami-
dal cells having rounded central vesicular nuclei
and basal basophilic cytoplasm. The duct portion,
consisting of striated, interlobular and intra-lob-
ular ducts, were easily detected. There was a net-
work of capillaries in between the acini and in a
connective tissue septum (Fig. 1A).

Group Il showed widened connective tissue sep-
ta between some lobules and homogenous acido-
philic material in others; besides, disorganized
acini in some areas could be observed. Some ac-
inar cells showed dark nuclei and others showed
cytoplasmic vacuoles. Inter-lobular septa contain
dense connective tissue fibers with cellular infil-
tration between the lobules and around a dilated
duct. Dilated and congested blood vessels were

seen. There was also loss of the architecture of
multiple lobules (Fig. 1B).

Group III (irradiated + Vit C) showed the capsule,
septa between the lobules. Also, an inter-lobular
duct in a connective tissue septum and intra-lob-
ular ducts in between the acini apparently nor-
mal serous acini, intra-lobular duct, interlobular
ducts and non-congested blood vessel in a slight-
ly thickened connective tissue septum containing
homogeneous material (Fig. 1C).

Group IV (irradiated + Withdrew): Apart from the
presence of few vacuolations, few pyknotic nuclei,
and slightly congested blood vessels, it showed
apparently normal histological features (Fig. 1D).

Masson’s Trichrome Stain

Group I (sham control group): few blue collagen fi-
bersin the capsule, fibers in the septa between the
lobes and the lobules and around the interlobular
ducts and blood vessels were detected (Fig. 2A).

Fig. 1.- H&E-stained parotid gland sections of all groups. x 400. Scale bars = 50 um. (1A): Group I (sham control) showing rounded
serous acini (yellow arrow) with narrow lumen. They have basal vesicular nuclei and basal basophilia. Note normal appearance
of intralobular ducts (green arrow) and thin septa (blue arrow). (1B): group II (Radiation) showing irregular acini with ill-defined
outline and darkly stained nuclei (red arrows) and cytoplasmic vacuoles (yellow arrows) and homogenous acidophilic material
(white arrows). Cellular infiltration (green arrow) inside thick connective tissue septa and around a dilated interlobular duct (ID)
with dilated congested blood vessels (black arrows). (1C): group III (Radiation +Vit C) showing acini and interlobular ducts nearly
as control group (blue arrow) with few dark stained nuclei (green arrow), septa are also seen showed nearly normal blood vessels
(red arrows). (1D): Group IV (Radiation + Withdrawal) showing nearly as control in acini (blue arrow) and intralobular ducts (yellow
arrow) but few of dark stained nuclei and some vacuoles in few acini could be detected (green arrow).
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Group II (irradiated): Multiple blue collagen fibers
in the capsule, excessive collagen fibers in inter-
lobular septa, around interlobular ducts in addi-
tion to blood vessels were detected (Fig. 2B).

Group III (irradiated+ Vit C): Sections clarified
that the low amount of collagen fibers appeared in
between the lobes and lobules and around ducts
and blood vessels (Fig. 2C).

Group IV (irradiated + Withdrew): sections clarified
that a moderate amount of collagen fibers (more
than in Group III) appeared in between the lobes
and lobules and around ducts and blood vessels
(Fig. 2D).

PAS reaction

Group I (sham control group) showed obvious pos-
itive (a magenta color) PAS reaction in the base-
ment membrane of the acini (Fig. 3A).

Group II (irradiated): The basement membrane of
some acini showed moderate positive PAS reac-
tion and absent in others (Fig. 3B).

Group III (irradiated + Vit C) showed obvious pos-
itive PAS reaction in the basement membrane of
the acini (Fig. 3C).

Group IV (irradiated + Withdrew) showed obvious
positive PAS reaction in the basement membrane
of the acini nearly as in Group III (Fig. 3D).

Immunohistochemistry

Alpha smooth muscle actin (0-SMA)

Group I (sham control group): Immunoreaction
to a-SMA showed brown cytoplasm in multiple
MECs at the periphery of the acini and intra-lobu-
lar ducts. Mild positive reaction is also seen in the
lining of blood vessels (Fig. 4A).

Group II (irradiated group): Section showed an in-
crease in a-SMA immunoreaction at the interlob-
ular ducts and periphery of the acini (Fig. 4B).

Group IIT (irradiated + Vit C group): Immunore-
action to a-SMA Sections showed a-SMA immu-
noreaction in multiple MECs at the periphery of

Fig. 2.- Masson’s trichrome stain for all groups. x200. Scale bars = 25 um. (2A): Section of the parotid gland of a sham control rat
showing few blue stained collagen fibers (red arrow) in the connective tissue septa between the lobules. (2B): Section from Group II
showing extensive blue collagen surrounding lobules, interlobular ducts, and blood vessels. (red arrow). (2C): Section from Group
11T showing few blue collagen fibres in inter and intra lobular septa (red arrow). (2D): Section from Group IV showing moderate
amount of blue collagen fibres in inter and intra lobular septa (red arrows).



Fig. 3.- PAS reaction of all groups. x400. Scale bars = 50 pm. (3A): Section of the parotid gland of a control rat showing obvious positive
PAS reaction in the basement membrane of the acini (black arrows). (3B): Section of the parotid gland of irradiated group showing
mild PAS reaction in the basement membrane of acini (blue arrows). (3C): Section of the parotid gland of a rat in irradiated and with
vit. C showing strong positive PAS reaction in basement membrane of almost acini (black arrows). (3D): Section of the parotid gland
of a rat in operated and withdrawal group showing moderate PAS reaction in basement membrane of almost acini (black arrows).

the acini and intra-lobular ducts more or less as
control (Fig. 4C).

Group IV (irradiated +Withdrew group): Sections
showed 0-SMA immunoreaction in multiple MECs
at the periphery of the acini and intra-lobular
ducts more or less as control and less than Group
11 (Fig. 4D).

(Ki-67)

Group I (sham control group): Immunoreaction to
Ki-67 showed positive immune reaction in very
few nuclei (nucleoplasm) of acinar cells and the
cells lining an intra-lobular duct (Fig. 5A).

Group II (irradiated group): Immunohistochem-
ical examination showed of Ki- 67 slightly in-
creased in positive reaction nuclei of the lining
cells of acini and some cells lining an interlobular
duct (Fig. 5B).

Group I (irradiated + Vit C group): Immunoreac-
tion to Ki-67 in few nuclei of acinar cells nearly as
control group (Fig. 5C).

Group IV (irradiated + Withdrew group). Immuno-
reaction to Ki-67 in few nuclei of acinar cells more
or less as in Group II (Fig. 5D).

Morphometric analysis

The statistical analysis between the studied
groups revealed that there was a significant in-
crease in the mean number of vesicular nuclei (P
<0.05) in the sham control group (I) when com-
pared with exposure group (II). But no significant
differences (P >0.05) were found when group III
and group IV were compared, or when the last
two groups compared with sham control group
(Table 1). No significant increase (P > 0.05) in the
mean area % of collagen fibers stained by Mas-
son’s trichrome were found when compared be-
tween sham control group and group III or group
IV. But a significant increase (P <0.05) in the
mean area % of collagen fibers stained by Mas-
son’s trichrome of exposure group II was found
when compared with shame control group (Table
1). No significant difference was found (P >0.05)
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Fig. 4.- o-SMS immunoreaction of all groups. x200. Scale bars = 25 pm. (4A): Section of the parotid gland of a control rat showing a
moderate a-SMA immunoreaction in multiple MECs at the periphery of the acini (black arrows) and intralobular ducts (blue arrow).
(4B): Section of the parotid gland of a rat in irradiated group showing an apparent increase in immune reaction for a-SMA in MECs
at the periphery of the acini (black arrows), interlobular ducts (blue arrow) and in the lining of two blood vessels (green arrow) is
also seen. (4C): Section of the parotid gland of a rat in irradiated and with vit. C group showing a moderate o smooth muscle actin
immunoreaction at the periphery of the acini (black arrows) intralobular ducts (red arrow), nearly as a control group. (4D): Sec-
tion of the parotid gland of a rat in irradiated and then withdrawal group showing a-SMA immunoreaction in multiple MECs at the
periphery of the acini (green arrows) and intralobular ducts (yellow arrow) and in the lining of blood vessels (red arrows) less more

than control group but less than irradiated group.

in the mean area % of PAS reaction in group III
compared with sham control Groups I, and IV.
But a significant decrease (P <0.05) in the mean
area % of PAS reaction in Exposure group II was
found when compared with sham control group
I (Table 1). A significant increase (P <0.05) in the
mean number of positive a-SMA in cytoplasm of

MECs and mean number of positive Ki- 67 nuclei
expression in exposure group II was found com-
pared with sham control group. But no significant
differences (P >0.05) were found when compared
between group III and group IV or when the last
two groups were compared with sham control
group (Table 1).

Table 1. Mean count of vesicular nuclei, mean area percentage of Masson trichrome stained collagen fibers and PAS +ve
staining, area percentage of a-SMA +ve MECs and Ki67 + in all studied groups.

Group I Group II Group III Group IV
(sham control) (irradiated) (irradiated+ vit C) (irradiated + withdrew)
Count of vesicular nuclei 11.5+1.3 6.1 +0.5% 10.7 £1.4 # 9.6+ 1.2#
Collagen fibers 2.9+0.5 7.8+£1.1% 3.4+ 0.3 # 3.9+0.6 #
PAS +ve staining 4.1+ 0.3 2.6 £0.4*% 3.8+0.6# 3.2+0.5#
SMA+ve MECs 2.47+0.2 4.96 +0.7* 2.27+0.3 # 2.52+0.2 #
Ki-67 +ve nuclei 0.35+0.04 0.95+0.20* 0.31 +0.04# 0.38+0.05#

*significant <0.05



Fig. 5.- Ki-67 immunoreaction of all groups. x 200. Scale bars = 25 um. (5A): Section of the parotid gland of a rat of control group
showing weak +ve Ki-67 immunoreaction in few nuclei of acinar cells (green arrow) but -ve reaction in the cells lining in an inter-
lobar duct (red arrow). (5B): Section of the parotid gland of group II (irradiated) rat showing moderate +ve Ki-67 immunoreactivity
in nuclei of some cells of acini (green arrows) and also +ve in some nuclei of duct cells (red arrows). (5C): Section of the parotid
gland of a rat in Group IIl showing nearly to the control group in a few weak +ve Ki-67 immunoreaction in few nuclei of acinar cells
(green arrow) but -ve reaction in the cells lining in an interlobar duct (red arrow). (5D): Section of the parotid gland of rats in Group
IV showing Ki- 67 immunoreaction in few nuclei (green arrow) of acinar cells.

Biomolecular analysis

Salivary amylase and total protein

There was a significant reduction in the secreto-
ry activity of the parotid gland (P <0.05) regarding
the values of total protein and amylase activity in
exposure group II compared with sham control
groups I. But both Vit C administration and ra-
diation withdrawal significantly (p<0.05) retain

the secretory activity. No significant differences
(P >0.05) between group I, III and group IV were
found (Table 2).

Parotid tissue MDA and SOD

Exposure to mobile phone radiation significant-
ly (p<0.05) increase the oxidative stress within the
parotid tissue denoted by increase MDA levels and
decrease SOD levels while Vit C administration

Table 2. Mean value of total protein (ug/ml), mean value of amylase activity (ng /ml), mean value of MDA (moL/mg tissue) and SOD

(U/ml) in all studied groups.

Group I Group II Group III Group IV
(sham control) (irradiated) (irradiated + vit C) (irradiated+ withdrew)
Total protein 83.7+£3.8 60.9+3.6 * 78.6+£9.84# 71.7+£9.84#
Amylase activity 220.1+9.9 165.9+7.2 % 209.2+9.1# 198.7+8.8#
MDA 4.8+0.3 9.9+1.2 * 5.2+0.5# 5.9+0.6#
SOD 29.8+5.57 12.65+1.45* 22.5+5.07# 23.3+3.22#

*significant P <0.05 compared to control
#significant P <0.05 compared to irradiated group
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Fig. 6.- a: Inflammatory cytokines NFKB, TNF, b: fibrotic genes TGF, MMP2 expressions with the highest expression in irradiated
group and significant reduction in their expression with Vit. C administration also after withdrawal from radiation exposure.

and radiation withdrawal significantly (p<0.05)
restore the antioxidant/oxidant capacity through
increase SOD and decrease MDA. No significant
differences (P >0.05) between group, IIl and group
IV (Table 2) were found.

PCR results

Mobile phone radiation exposure significantly
(p<0.05) up-regulates the expression of inflamma-
tory cytokines NF KB, TNF and the fibrotic mark-
ers TGF, MMP2 within the parotid tissue while Vit
C administration and radiation withdrawal sig-
nificantly (p<0.05) decrease their expression. No
significant differences (P >0.05) between group,
III and group IV were found (Fig. 6).

DISCUSSION

In the past two decades, a continuous accumula-
tion of knowledge about the possible health risks
from exposure to the electromagnetic fields radi-
ated from phones has been observed (Helal and
Abdelrahman, 2012), raising concerns about their
long-term effect on the parotid salivary gland (Gh-

adhban and Mhaibes, 2018).

The parotid gland is the largest salivary gland
and, together with the submandibular salivary
gland, produces the majority of saliva volume.
The anatomical site of the parotid gland makes it
more sensitive to EMR than the submandibular
gland (Zhang et al., 2020a). The parotid gland is
composed mainly of serous cells. Thus, injury to
the parotid gland is the main cause of xerostomia
(Altayeb, 2018). This is the main reason for this
study’s choice of the parotid gland. In this study,
the parotid glands of rats that were exposed to
2100 MHz radiofrequency radiation from a gen-
erator that looked like a 3G cell phone changed a
lot histologically compared to rats that were put in
a sham control group. The changes were observed
in the connective tissue, epithelial cells, and inter-
stitial spaces. Mononuclear cell infiltration, dilat-
ed, congested blood vessels, dark stained nuclei,
and vacuoles in the cytoplasm of acinar cells were
observed, and this coincides with previous stud-
ies reporting that exposure to EMR from a mobile
phone of the third generation, with a frequency of



2100 MHz, results in changes in the histological
structure of parotid gland in rats (Maher et al.,
2020). Other research confirmed that EMR had
non-thermal effects that led to more oxidative
stress in the tissue that was exposed to it (Imam
et al., 2021). Another study suggested that expo-
sure to such EMR leads to an increase in the level
of free radicals (Carvalho Siqueira et al., 2016).
According to additional studies (Aydogan et al.,
2015), oxidative stress and several pathophysi-
ological changes after irradiation cause damage
to the parotid glands. ROS play a crucial role in
signal transduction, regulating cellular functions
like cell death and growth (Kivrak et al., 2017).
Excessive ROS production attenuates the cells’
antioxidant capacity, creating a state of oxidative
stress and leading to severe cellular damage (Das-
dag et al., 2016). A previous study reported that
ROS levels sharply increased in salivary glands
after EMR (Aydogan et al., 2015).

In the present study, the connective tissue stro-
ma of the parotid glands of radiation showed
dense interlobular and moderate intralobular
fibrosis, characterized by a significant increase
in the mean area percentage of collagen fibers.
These findings were in accordance with the au-
thors (Maher et al., 2020), who reported that fi-
brosis is common in advanced EMR injuries.
Radiation can cause oxidative stress, which can
strengthen the inflammatory response and cause
more inflammatory cytokines to be made (Siquei-
ra et al., 2016). The current study showed cellular
infiltration and congested blood vessels in some
areas in parotid sections that could be part of
the inflammatory response. MDA is a byproduct
of polyunsaturated fatty acid oxidation, and is a
marker of oxidative stress-mediated lipid perox-
idation (Gawet et al., 2004). In the current study,
there is a significant increase in tissue MDA and
a decrease in SOD levels in the radiation-exposed
group compared to a control group, with a signif-
icant reduction in its level after Vit C supplemen-
tation. It has been reported that vitamins E and C
have antiapoptotic activity through the reduction
of MDA and restoration of SOD in many organs.
(Younus, 2018). Previous studies suggested that
SOD partially protects against injuries produced
by head-and-neck irradiation (Nagler et al., 2000).

Cell phone radiation exposure increases the con-
centration of peroxynitrite, and superoxide that
destroy DNA, proteins, and lipids and consequent-
ly result in apoptosis and necrosis (Aydogan et al.,
2015). Our study showed a significant decrease in
the mean area per cent of PAS-positive material in
irradiated rats compared to the control group due
to the depletion of basement membrane at some
injured areas in response to the toxic effects of
EMR, as explained before. This was preserved as
nearly in groups Il and IV as in the control group.
The latter was the role of vitamin C in cell pro-
tection from breakthrough inflammation. These
findings agreed with those of other studies (Anan
etal., 2021).

Saliva is an underused diagnostic tool, but in
the last three decades it has gained much atten-
tion, as it is easy and non-invasive in its collection
(Kaufmann and Lamster, 2002). We found a sig-
nificant decrease in total protein and amylase ac-
tivity in the saliva of the exposed group compared
to the control group, while there was a significant
increase in their levels in the Vit-C-supplemented
group. Goldwein and Aframian (2010) reported
that microwave radiation exposure decreases sal-
ivary protein secretion as a result of continuous
and cumulative glandular damage. More studies
reported that higher salivary levels of amylase,
LDH and MDA were detected in high mobile us-
ers than low mobile users. (Shivashankara et al.,
2015).

In recent years, plant-derived antioxidants have
received increased attention due to their potent
antitoxic effect, low toxicity, and lower cost (Liu
et al., 2021). Previous studies reported that pa-
tients’ saliva with prolonged phone exposure has
decreased flow rate, pH, buffer capacity, and total
protein (Hashemipour et al., 2014; Madhukar et
al., 2019). In this study, the MECs demonstrated
by immunohistochemistry for aSMA revealed a
highly significant increase in a-SMA immunore-
activity around acini and intra-lobular ducts in
the irradiated group. The MECs undergo prolifer-
ative and morphological changes during the atro-
phy and regeneration of acinar cells, with subse-
quent increases in size and number. In stressful
conditions, it seems that gland function recovery
requires increasing the surviving cells’ secretory
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capacity. More MECs need to squeeze the accumu-
lated secretion (Altayeb, 2018).

In the present study, an increase in Ki-67 im-
muno-reaction in the parotids of rats Exposed
to EMR was in accordance with a previous study
that reported that exposure to EMF radiation from
many sources, like cell phones, has a proliferative
effect on salivary acini, and revealed that the in-
crease in Ki-67 expression was directly related
to the severity of the EMF exposure. Also, several
previous studied reported the relation between
benign and malignant tumor and long-term expo-
sure of phone radiation (Hantke et al., 2002).

In this study, Ki-67 immunoreaction appeared
nearly as a control in GIII, in which rats took Vit
C. Previous studies explained that Vit C could
restore normal cell proliferation of the salivary
gland (Maher et al., 2020). Several studies over the
past decade have reported that increasing usage
of mobile phones could have possible carcinogen-
ic effects as a result of exposure to radiofrequency
(Choi et al., 2020).

Vitamin C is a powerful antioxidant that helps
to reduce oxidative stress molecules in the body,
such as MDA; vitamin C acts as a redox buffer
that could reduce and neutralize reactive oxy-
gen species. Various studies explained that elec-
tromagnetic waves emitted from mobile phones
(900MHz) affect cell proliferation and apoptosis
through the induction of ROS. ROS are scavenged
by SOD, glutathione peroxidase, and catalase
(Ashor et al.,, 2014; Ahmad et al., 2016).

Ki-67 is a human nuclear protein important for
cell proliferation (Scholzen and Gerdes, 2000).
The results of the current study indicate an in-
crease in immune expression of Ki67 protein in
glandular tissue cells. This indicates an increased
ability of these cells for mitotic division in re-
sponse to oxidative stress damage.

Transforming growth factor-p (TGF-B) is a multi-
functional cytokine that influences salivary gland
homeostasis and development. TGF-p induces the
ECM deposition by inducing the biosynthesis of
fibronectin and collagens (Leask and Abraham,
2004) in addition to protease inhibitors. Moreover,
TGF-B1 enhances epithelial-mesenchymal transi-
tion with increased formation of myofibroblasts.

Salivary gland tissue damage from inflammation
or radiation exposure could result in reparative
TGFB-induced ECM production (Zavadil and Bot-
tinger., 2005). In the current study, there is sig-
nificant upregulation in TGF gene expression in
parotid tissue of the exposed group compared to
a control group, with a significant reduction in its
expression after Vit C supplementation. This is in
agreement with a previous study, which report-
ed that irradiation of the submandibular salivary
gland causes a significant decrease in salivary se-
cretion and amylase activity, but the elevation of
MDA with an increase in collagen deposition and
TGF expression (Xu et al., 2016). Further studies
reported that treating diabetic rats with vitamin
C prevents the increase in TGF in glomerular and
cortical tissues (Craven et al., 1997).

TGF-B-signaling has a crucial role in fibrosis, in-
cluding salivary gland fibrosis. Previous studies
mentioned that TGF-p/BMP-signaling molecules
could be a promising anti-fibrotic drug target
(Zhang et al., 2020b). A previous study reported
10-fold increase in salivary TGF-B protein expres-
sion in patients with radiation-induced salivary
dysfunction (Hakim et al., 2011, Spiegelberg et al.,
2014). Another study revealed that TGF-p1 expres-
sion increased afterirradiation in an experimental
mouse model and then decreased after hyperbaric
oxygen therapy (Hoesel and Schmid, 2013).

NF-«B is a central factor in cell differentiation,
proliferation, inflammation, stress response, and
cell death. NF-«kB is activated by many stimuli and
a network of signaling pathways, which influence
each other (Freudlsperger et al., 2013). TGF-B ac-
tivates NF-kB signaling involving TAK1 and IKK
kinases leading to IxkBa phosphorylation, nuclear
translocation of NF-xB and activation of NF-xB
downstream targets (Kim et al., 2016). In the pa-
rotid tissue of the exposed group, NF-«xB and TNF
gene expression were significantly higher than
in the control group. However, these genes were
significantly lower in expression after vitamin-C
supplementation. Our results are in accordance
with Matsuno et al. (2002), who reported a sig-
nificant increase in the expression of inflamma-
tory cytokines NF-«B, IkB-a, and fibrotic marker
TGF-B1 in salivary gland exposed to radiation in
experimental rats.



Tumor necrosis factor-o (TNF-a) is a pro-inflam-
matory cytokine that is found to be increased in
numerous autoimmune or inflammatory diseases
(Sullivan et al., 2005). A previous study reported
that TNF-a up-regulates TGF-B1 expression in pri-
mary mouse lung fibroblasts (Han et al., 2001). It
has been reported that TNF-alpha stimulates acti-
vation of proMMP2 in human skin through NF-kB
(Brew and Nagase, 2010). Matrix metalloproteinas-
es (MMPs) are a group of enzymes that play an im-
portant role in the turnover of ECM in normal and
pathological processes. Herein we found signifi-
cant up-regulation of MMP2 in the exposed group,
which retains to nearly normal in Vit C supple-
mented group, which is in accordance with Brew
and Nagase (2010), who reported that Vit C and E
were shown to reduce MMP expression and activity
in human dermal fibroblasts after UVA irradiation.

CONCLUSION

Radiofrequency emitted from mobile phones
has harmful effects on different organs and tis-
sues. Exposure to these waves affects the secre-
tory function of the parotid gland due to oxidative
stress and the release of inflammatory cytokines
with subsequent fibrosis. In addition to accelerat-
ed cellular proliferation to replace the damaged
tissues, the currently used drugs have many in-
tolerable side effects, so we urgently need to dis-
cover a safe method of protection against phone
exposure side effects. Vitamin C is a powerful
antioxidant that helps in prophylactic protection
against these harmful effects by ameliorating ox-
idative stress.

Recommendation: The study recommended
the need for more work on changing the behav-
iors that constitute a danger to users of mobile
phones, and more research must be done to adopt
preventive measures, such as the reduction and
rationalization of direct exposure to mobile use.
Long-term experimental and clinical studies are
needed to clarify the effect of radiofrequency ra-
diation emitted from 3G mobile phones on parot-
id tissue.
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SUMMARY

Transorbital expanded endoscopic approaches
allow different areas of the skull base to be ap-
proached. The aim of our study is to analyse the
main anatomical bone and neurovascular struc-
tures of the middle cranial fossa by means of a
transpalpebral transorbital lateral endoscopic
approach (TTLEA). An anatomical study was per-
formed on 12 orbital cavities corresponding to
6 cadaver heads. All specimens were previously
injected with colored latex through both carotid
systems.

The mean distance from the orbital rim to the
zygomatic-facial foramen and to the zygomat-
ic-temporal foramen was 11 mm and 16 mm
respectively. In all cases the meningo-orbital fo-
ramen was found at a mean distance from the or-

bital rim of 34 mm. The superior orbital fissure
(SOF) was located posterior to the meningo-or-
bital foramen at 39 mm. The foramen rotundum
and foramen ovale were located separated from
each other by 10 mm on average. Anterior to the
foramen ovale a bony prominence was observed
in all cases. In 11 cases (92%) the entrance of the
accessory meningeal artery into the foramen ova-
le was evident and in one case an accessory fora-
men was observed. The middle meningeal artery
was located in all dissections within the foramen
spinosum. The TTLEA offers a wide and direct
exposure of the middle cranial fossa. It should be
considered as an alternative to transcranial ap-
proaches in certain lesions invading the lateral
region of the middle cranial fossa, the lateral wall
of the cavernous sinus or the infratemporal fossa.
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INTRODUCTION

In recent years, endonasal endoscopic ap-
proaches have exponentially expanded their in-
dications, reaching territories usually treated by
other specialties. Expanded transnasal approach-
es have made it possible to approach different ar-
eas of both the skull base and the orbital cavity.
The main limitation they present is being able to
reach certain lateral areas without having to cross
vital neurovascular structures. In order to access
these anatomical territories with the minimum
possible morbidity, the alternative is to use the or-
bital cavity as a corridor. Historically, in the late
19™ century, the first surgical approaches to the
orbit were used in the treatment of thyroid orbi-
topathy (Alper, 1995), and in the early 20" cen-
tury, lateral (frontotemporal) approaches were
described to treat orbital tumours (Dandy, 1941).
With technological advances and improvements

in radiological studies, these lateral approaches
evolved, with increasingly smaller craniotomies
being performed. In 1971 Donald Wilson first
used the surgical term keyhole or microcraniot-
omy (Wilson, 1971). The use of the endoscope as
a support instrument had a decisive influence on
the development of this concept, with the supra-
orbital keyhole becoming particularly popular
in the 1990s (Ramos-Zuniga, 1999; Eroglu et al.,
2019). Moe et al. (2010) and Rivkin et al. (2013)
described a series of transorbital endoscopic ap-
proaches preserving the orbital rim to treat differ-
ent pathologies, which he called TONES (transor-
bital neuroendoscopic surgery). In recent years,
several anatomical studies have been published
that have made it possible to systematise these
endoscopically assisted approaches (Koppe et al.,
2013; Dallan et al., 2017, 2018; Di Somma et al.,
2018).

The aim of our study is to analyse the main ana-
tomical bone and neurovascular structures of the
middle cranial fossa (MCF) using an endoscopic
lateral transorbital transpalpebral endoscopic
approach.

Fig. 1.- Right orbital cavity. In blue access area middle cranial fossa. Z: zygomatic bone; GSW: greater sphenoid wing; M: maxillary
bone; SOF: superior orbital fissure; IOF: inferior orbital fissure; ZFF: zygomatic facial foramen; ZTF: zygomatic temporal foramen,;
MOF: meningo-orbital foramen; LP: lamina papyracea; F: frontal bone.



MATERIALS AND METHODS

An anatomical study was carried out on 12 or-
bital cavities corresponding to 6 cadaver heads
prepared and preserved the modified Larsen’s
solution. All specimens were obtained from the
body donation programme of the University of Gi-
rona, which is regulated according to the ethical
and legal laws of our country. All specimens were
previously injected with colored latex through
both carotid systems. A graduated malleable hys-
terometer and a rigid precision ruler were used
for the different measurements.

Surgical technique. An incision was made in
the superior palpebral fold approximately 10 mm
from the palpebral margin, dissecting from su-
perficial to deep the skin and the orbicularis oculi
muscle in its pretarsal, preseptal and orbital por-
tions. Superficial to the orbicularis oculi muscle,
the lateral orbital rim was approached and a deep
subperiosteal dissection was performed, displac-
ing the orbital contents medially, thus locating
the superior orbital fissure (SOF) and the inferi-
or orbital fissure (IOF). During this dissection of

Juan R. Gras-Cabrerizo et al.

the lateral wall, the zygomatic-facial foramen, the
zygomatic-temporal foramen superiorly and the
meningo-orbital foramen in depth were identi-
fied. The distance of these orifices from the orbital
margin was calculated from the frontozygomatic
suture (Fig. 1). The orbital lateral wall was then
drilled until the temporalis muscle fascia was ex-
posed, and the greater wing of the sphenoid was
drilled between the SOF and the IOF until the dura
mater of the temporal lobe was exposed (Fig. 2).
With a blunt instrument, the floor of the MCF was
dissected, displacing the temporal lobe superior-
ly, identifying from medial to lateral, the foramen
rotundum with the maxillary nerve (V2), the fora-
men ovale with the mandibular nerve (V3) and the
accessory meningeal artery (AMA) and finally the
foramen spinosum with the middle meningeal ar-
tery (MMA) (Figs. 3 and 4).

The distance between the foramen ovale and the
foramen rotundum was measured from the pos-
terior margin of the foramen ovale to the anterior
margin of the foramen rotundum. Finally, along
the lateral margin of the SOF we identified the

Fig. 2.- Right orbital cavity after drilling the lateral wall (zygomatic) and greater wing of sphenoid. TM: temporalis muscle; DTL: dura
mater of temporal lobe; MOF: meningo-orbital foramen.
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Fig. 3.- Floor of the right middle cranial fossa after subperiosteal elevation of the temporal lob maxillary nerve; mandibu-
lar nerve; A ry meningeal artery; MMA: middle meningeal artery.

Fig. 4.- Floor of the right middle cranial fossa after subperiosteal temporal lobe elevation (deeper than Fig. 3 : mandibular
neningeal artery; AMM: middle meningeal artery.




Fig. 5.- Approach to the lateral wall of the right cavernous sinus. DTL: dura mater of the temporal lobe; LW: lateral wall of the cav-
ernous sinus; V2: maxillary nerve; V3: mandibular nerve; GG: Gasser ganglion.

meningo-orbital band, a structure that represents
the fold between the periorbita and the dura ma-
ter of the temporal lobe. This reference allowed us
to dissect the double layer that forms the lateral
wall of the cavernous sinus (Fig. 5).

RESULTS

Dissection of the MCF. The mean distance from
the zygomatico-facial foramen to the orbital rim
was 11 mm (range: 10-20 mm) and 16 mm from
the zygomatico-temporal foramen (range: 10-22
mm). In 100% of cases (12/12) the meningo-or-
bital foramen was found at a mean distance from
the orbital rim of 34 mm (range 32-40 mm). The
SOF was located posterior to the meningo-orbital
foramen at a mean distance of 39 mm (range: 35-
43 mm) from the orbital rim.

In all cases the foramen rotundum and foramen
ovale were located separated from each other by
10 mm (range: 8-14 mm). In all dissections a bony
prominence was located in front of the foramen
ovale (Fig. 6).

In 11 cases (92%) the entrance of the AMA was
evident within the foramen ovale anterior and/or
medial to mandibular nerve (V3). In only one case
an accessory foramen (Vesalius) was observed.
The MMA was located in all dissections within the
foramen spinosum.

Lateral wall dissection of the cavernous sinus.
During dissection of the lateral wall of the cavern-
ous sinus it was possible to identify the menin-
go-orbital band in all cases, as well as to locate
the oculomotor nerves (I1I-1V) and the ophthalmic
nerve (V1) in the internal (periosteal) layer (Fig. 7).

DISCUSSION

Endoscopic approaches using the orbit as a
corridor are one of the most attractive new tech-
niques in recent years. These approaches can be
classified into orbital endoscopic, transorbital
endoscopic and neuroendoscopic transorbital ap-
proaches (TONES) (Balakrishnan and Moe, 2011).
The term TONES describes four access corridors,
medial (precaruncular), lateral, inferior, and su-
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isualization of the oval prominence (OP) on the floor of the right middle cranial fossa. DTL: dura mater of the temporal lobe;
2: maxillary nerve; mandibular nerve; MMA: middle meningeal artery; PO: oval prominence.

Fig. 7.- Lateral approach to the rig lura mater of the temporal lobe : maxillary nerve mandibular
nerve; OP: oval prominence; Oculomotor nerves / ; ophthalmic nerv




perior. The lateral approach has the advantage
of preserving the orbital rim without the need for
reconstruction and avoids both craniotomy and
traction of the brain contents. It also allows the
palpebral fold to be used to minimise the possible
cosmetic aspects caused by the scar. This tech-
nique can be used to treat certain lesions such as
spheno-orbital meningiomas, osteomas, lesions
on the lateral wall of the cavernous sinus, lesions
of Meckel’s cavum, vascular lesions and function-
al neurosurgical procedures (Andaluz et al., 2008;
Abdel Aziz et al., 2011; Dallan et al., 2015; Lubbe
et al., 2017; Di Somma et al., 2018; De Rosa et al.,
2019; Suero Molina et al., 2021).

Our anatomical study shows in detail the differ-
ent structures of the MCF that can be reached with
an TTLEA, displacing the orbital contents medial-
ly without the need to open the periorbital cavity.
The anatomical limits of this approach represent a
triangular space defined superiorly and medially
by the SOF, laterally by the temporalis muscle fas-
cia and inferiorly and medially by the IOF (Fig. 1).

During dissection of the orbital lateral wall, we
found foramina through which different struc-
tures enter and leave the orbit. On the anterolat-
eral surface of the zygomatic bone we can see,
through small bony ducts, the zygomatic-facial
and zygomatic-temporal nerve branches. Both are
branches of the zygomatic nerve which take their
origin directly from the maxillary nerve in the
pterygopalatine fossa. These nerves are accom-
panied by their arteries, which are branches from
the lacrimal artery (ophthalmic artery). According
to different studies, the zygomatic-temporal and
zygomatic-facial vascular-nerve bundle are locat-
ed approximately 4.3 mm to 9 mm away from the
orbital margin (Krishnamurthy et al., 2011; Iwa-
naga et al., 2017, 2018). In our study, these mea-
surements were located deeper than in the series
reviewed. Both structures were located at an av-
erage distance of 11 mm and 16 mm, with the zy-
gomatic-temporal foramen being located superior
and posterior to the zygomatic-facial foramen. In
depth, anterior to the lateral margin of the SOF,
we can locate the meningo-orbital foramen (also
called lacrimal, sphenofrontal,
or Hyrtl’s orifice). The distance from the menin-
go-orbital foramen to the fronto-zygomatic suture

cranio-orbital

is estimated to be between 25 mm and 31 mm
(Macchi et al., 2016). It allows the passage of an
anastomotic branch of the lacrimal artery to the
MMA. Its prevalence is highly variable, ranging
from 44 to 83%. In most cases it connects directly
with the MCF and less frequently with the anterior
cranial fossa (McQueen et al., 1995; Macchi et al.,
2016). In our study, it was located in all cases at
an average distance of 34 mm from the frontozy-
gomatic suture, slightly more posterior than most
of the data published in the different series. These
differences and those found in the zygomatic vas-
culo-nerve bundles, can be explained by racial
reasons or by differences in the measurement
points at the level of the orbital rim. In our study
they were calculated using the frontozygomatic
suture as a reference. It is important to locate and
cauterise all these small arteries that perforate the
lateral orbital wall in order to safely advance the
dissection in depth and to be able to reach the SOF.
Its anterior margin is located approximately 34-
41 mm from the lateral orbital rim (Dutton, 2011).
Our data reflect a similar distance.

The MCF consists of the endocranial aspect
of the greater wings of the sphenoid bone and
the squamous and petrous parts of the tempo-
ral bone. The anterior margin of the floor of the
MCF corresponds to the horizontal portion of the
greater wing of the sphenoid which shows in the
anterior-posterior direction, the foramen rotun-
dum, the foramen ovale, the foramen spinosum,
the foramen lacerum the trigeminal impression,
the hiatuses for greater and lesser petrosal nerves
and the arcuate eminence. In addition, two incon-
stant foramina can be found, the foramen veno-
sum (sphenoidal emissary foramen or Vesalius’
foramen) and the foramen petrosum (Arnold’s fo-
ramen) (Rouviere and Delmas, 2005).

The foramen rotundum is located 3-4 mm pos-
terior and inferior to the medial border of the SOF,
and gives way to the maxillary nerve (V2), the fo-
ramen rotundum artery and small emissary veins
(Rouviere and Delmas, 2005; Dutton, 2011; Gras
Cabrerizo et al., 2017). It is the most anterior and
medial structure located when performing sub-
periosteal dissection of the floor of the MCF.

Approximately 1 cm posterior and lateral to the
foramen rotundum and 6 mm from Gasser’s gan-

Juan R. Gras-Cabrerizo et al.

303



Transpalpebral transorbital endoscopic lateral approach

304

glion is located the foramen ovale (Rouviére and
Delmas, 2005; Dutton, 2011). The main structures
crossing the foramen ovale are the mandibular
nerve (V3), the AMA, the lesser petrosal nerve and
emissary veins (Kaplan et al., 2007). The AMA is
present in more than 95% of cases as a branch
of the first segment of the maxillary artery (man-
dibular segment) and in some cases may emerge
directly from the MMA. It is predominantly an
extracranial artery and only a small branch be-
comes intracranial, supplying the ganglion of
Gasser and the dura mater of the FCM (Baumel
and Beard, 1961; Dilenge and Géraud, 1975; Hur
et al., 2012). This artery usually passes through
the foramen ovale anterior or medial to the man-
dibular nerve(Baumel and Beard, 1961) (Figs. 3,
4). In 22% it may pass through the Vesalius’ fo-
ramen (foramen venosum) located medial and
anterior to the foramen rotundum (Tanoue et al.,
2013; Leonel et al., 2020).

In the most of our cases, the AMA was locat-
ed anterior and medial to the mandibular nerve
(V3). Only in one case we found a foramen ve-
nosum. The location of the foramen ovale is an
anatomical reference of great surgical relevance.
Its identification makes it possible to safely ap-
proach lesions located in front of it, as both the
internal carotid artery in its petrous portion and
the pharyngotympanic tube are located posteri-
orly. In our study, we found a constant bony ref-
erence located anterior to the foramen ovale (oval
prominence). This structure makes it possible to
locate this foramen precisely and to preserve its
contents. We have not found any reference to this
anatomical structure in the series reviewed.

Approximately 3 mm posterior and lateral to
the foramen ovale is placed the foramen spino-
sum, crossed by the middle meningeal artery
(MMA) and vein and the meningeal branch of V3
(nervus spinosus). It may be absent unilaterally
in 0.4% to 1% of cases (Krayenbiihl et al., 2008).
The MMA emerges from the first segment of the
maxillary artery and, once is crosses the foramen
spinosum, it divides into two branches (anteri-
or and posterior). The anterior branch supplies
the orbital region and the dura mater of the MCF,
and can be anastomosed with the ophthalmic ar-
tery via the meningo-lagrimal artery through the

meningo-orbital foramen (Rouviére and Delmas,
2005; Drake, 2011; Tanoue et al., 2013; Kornieie-
va et al., 2015).

The TTLEA has advantages over the classic
approach using a pterional craniotomy alone or
with its transzygomatic or orbitozygomatic vari-
ants (Drake, 2011). We avoid a skin incision in
the frontotemporal region and a possible injury
to the frontal branch of the facial nerve. It is not
necessary to uninsert the temporalis muscle, thus
avoiding discomfort at this level and the possible
aesthetic defect due to atrophy of this muscle.
Similarly, this pterional approach can also cause
problems during mastication and at the temporo-
mandibular joint.

To reach the most medial territory of this ap-
proach and thus to achieve the lateral wall of the
cavernous sinus, it is necessary to locate and sec-
tioning the meningo-orbital band. This anatom-
ical structure represents the fusion of the fron-
to-temporal dura mater with the periorbita at the
level of the lateral margin of the SOF. The transor-
bital approach allows to reach this structure with-
out the need of retracting the temporal lobe if we
compare with the frontotemporal approach. It is
the anatomical reference that allows the cleavage
plane to be found in order to perform an inter-
dural dissection and separate the two layers that
make up the lateral wall of the cavernous sinus,
the external layer (dura mater) and the internal
layer (periosteum) (Anania et al., 2022; Guizzardi
et al., 2022). The external wall is thick while the
inner layer is thin, semi-transparent and contains
cranial nerves III, IV and V1. This procedure rep-
resents an alternative to the external approach
with several advantages: a more direct and ad-
vantageous approach angle, no manipulation of
the temporalis muscle and less manipulation of
the temporal lobe and cranial nerves. Dallan et al.
(2017) suggest its use for selected lesions such as
trigeminal neurinomas and meningiomas lateral
to the cavernous sinus. Our anatomical study pro-
vides relevant information for initiating these ap-
proaches and gaining greater experience.

The transpalpebral transorbital endoscopic lat-
eral transorbital approach offers a wide and direct
exposure of the MCF. It should be considered as
an alternative to transcranial approaches in cer-



tain lesions invading the lateral region of the MCF,
the lateral wall of the cavernous sinus or the infra-
temporal fossa. A detailed anatomical knowledge
of the region is necessary to obtain the best surgi-
cal, aesthetic and functional results.
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SUMMARY

This observational study aimed to determine
the prevalence of accessory carpal ossicles (ACO)
using a computerized tomography examination.
The digital imaging database of the authors’ in-
stitution was retrospectively reviewed, and all
wrist computerized tomography examinations for
any indication were identified between 2014 and
2021. Patients with previous wrist surgery and se-
verely impaired carpal anatomy, such as severe os-
teoarthritis or congenital or acquired deformities
that may preclude evaluation and identification
of accessory carpal ossicles, were excluded from
the study. Four orthopedic surgeons reviewed the
computerized tomography scans and identified
patients with accessory carpal ossicles on two-di-
mensional (coronal, axial, and sagittal planes)
and three-dimensional computerized tomogra-
phy reconstructions. Two thousand two hundred
thirteen patients, with a mean age of 36.8+12.8
years, were identified and included. Accessory
carpal ossicles were detected in 156 (7.1%) sub-
jects, with 186 ACOs identified. The most common
accessory carpal ossicles were os praetrapezium
(n:34, 1.536%), os triquetrum secundarium (n:28,
1.265%), os epitriquetrum (n:20, 0.903%), os ha-

muli proprium (n:18, 0.813%), os ulnostyloideum
(n:16, 0.723%), os epilunatum (n:12, 0.542%) and
os styloideum (n:11, 0.497%) respectively. The
study provides valuable information on the prev-
alence and distribution of accessory carpal ossi-
cles, which can aid in accurately diagnosing and
managing wrist pathologies. Further research is
warranted to explore the clinical significance and
potential impact of rare accessory carpal ossicles
on wrist disorders.

Key words: Accessory carpal ossicles — Ana-
tomic variation — Carpal ossicles — Computerized
tomography — Wrist

ABBREVIATIONS
CT: Computerized tomography

ACO: Accessory carpal ossicles

INTRODUCTION

Accessory ossicles are defined as small su-
pernumerary bony structures located around
the consistent elements of the human skeleton.
These ossicles can be found in various locations,
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but the foot, ankle, and wrist are the most fre-
quently observed anatomic sites (Keles-Celik et
al., 2017; O’Rhailly, 1953). To date, twenty-five
different accessory ossicles around the wrist
have been described (O’Rhailly,1953; Pfitzner,
1900). Many accessory carpal ossicles (ACO) re-
main silent and do not impair the normal func-
tion of the wrist. However, in some instances,
they might be the source of pain and other symp-
toms. For instance, the os styloideum, located
on the dorsal aspect of the base of the 3rd meta-
carpal, is closely associated with carpal boss
syndrome (Roulet et al., 2017). In the context of
traumatic wrist injuries, ACOs can be confused
with avulsion fractures during imaging examina-
tions. Multiple studies have reported misdiagno-
sis of these ossicles as avulsion fractures (Yang
etal., 1994; Bianchi et al., 1990; Weintraub et al.,
2020). Thus, clinicians and radiologists should
be aware of these normal variants to interpret
radiographic workup and guide clinical manage-
ment properly.

The description and nomenclature of these
ossicles were established in the early 1900s
through cadaveric dissections conducted by pio-
neering anatomists (Pfitzner, 1900; Schmidt and
Freyschmidt, 1993; Keats and Anderson, 2012;
Timins, 1999; Senecail et al., 2007). Since then,
a limited number of studies have addressed the
prevalence of ACO in contemporary literature
(O’Rhailly, 1953; Gursoy et al., 2021; Bizarro,
1921; Bogart, 1932). All of these prevalence stud-
ies utilized direct radiography as the imaging
method. However, due to the intricate anatomy of
the wrist and the diminutive size of these ossicles,
solely relying on two-view radiography, makes
detection of these ossicles challenging. Alongside
detection difficulties, the exact positioning of dif-
ferent ossicles that are proximate to one another
is hard to discern due to superimposition. Based
on these challenges, we hypothesized that the oc-
currence of these ossicles may be underreported
in prior studies. This study aimed to determine
the frequency of ACOs using advanced imaging
techniques, specifically 2D and 3D computerized
tomography wrist imaging, which were not avail-
able in earlier studies.

MATERIALS AND METHODS

Patients and study design

A retrospective review was conducted on the
digital imaging archive to identify adult patients
(>18 years of age) who underwent wrist CT scans
between 2014 and 2021. A total of two thousand
two hundred and thirteen individuals (696 fe-
males and 1517 males) were analyzed. Patients
with a history of wrist surgery and those present-
ing with significantly altered carpal anatomy—
such as severe osteoarthritis, congenital anom-
alies, or acquired deformities that could impede
the evaluation and identification of accessory car-
pal ossicles—were excluded from the study. How-
ever, individuals with metacarpal, distal radial, or
straightforward carpal bone fractures that did not
hinder the identification of ACO were retained in
the study. CT scans that failed to display all carpal
bones within the field of view were also excluded.
This research was conducted in alignment with
the ethical standards set forth by the 1964 Dec-
laration of Helsinki and its subsequent amend-
ments. The Clinical Studies Ethics Committee
approved the study protocol (Approval date/num-
ber: 06.01.2022 / 1-15).

Image acquisition

Wrist CT examinations were conducted using
two distinct CT devices from the same manufac-
turer (Siemens go.Up, Siemens, Munich, Germa-
ny), situated in the radiology and emergency de-
partments of the authors’ institution. CT scans
were captured with a tube voltage ranging from
120-130 kV and a tube current between 72-104
mA. The slice thickness varied from 0.5 to 1.5
mm. The field of view encompassed the distal ra-
dius, all carpal bones, and the proximal metacar-
pal bones, resulting in 100-350 axial sections.

Assessment of the CT examinations

Four orthopedic surgeons analyzed the CT
scans, identifying patients with ACO. Radiolog-
ical assessments were conducted on a digital
workstation (Sectra Workstation IDS7; Sectra AB,
Link6ping, Switzerland). Both two-dimension-
al (in the coronal, axial, and sagittal planes) and
three-dimensional (3D) reconstructions were



employed sequentially. Each reviewer optimized
their assessment by adjusting screen contrast,
illumination, magnification, and color settings.
Subsequent evaluations of patients with acces-
sory carpal ossicles were undertaken collabora-
tively by a radiologist and an orthopedic surgeon.
The joint decision determined the nomenclature
of the accessory ossicles, ensuring that any errors
in evaluations and nomenclature during the ini-
tial review were rectified. As informed by prior re-
search, 25 distinct accessory carpal ossicles were
scrutinized (O’Rhailly, 1953; Pfitzner, 1900; Keats
and Anderson, 2012; Schmidt and Freyschmidt,
1993). The nomenclature of the ossicles adhered
to the definitions and anatomical references de-
lineated in these studies (Fig. 1).

Statistical analysis

Descriptive statistics are provided as frequency
and percentage for categorical data, and as mean
+ standard deviation along with range for con-
tinuous data. The Kolmogorov-Smirnov test as-

sessed data normality. Comparative analyses be-
tween independent groups were conducted using
the Mann-Whitney U test and chi-square tests. A
p-value of less than 0.05 was deemed statistically
significant.

RESULTS

A total of 2,213 subjects, with a mean age of
36.8+12.8 years (range: 18-89 years), were in-
cluded in the study. Male patients were signifi-
cantly younger than females, with mean ages
of 34.0+11.6 and 42.8+13.3 years, respectively
(p=0.001). Out of the total participants, 1,517
(68.5%) were male and 696 (31.5%) were female.
The study assessed 1,205 (54.5%) right wrist CTs
and 1,008 (45.5%) left wrist CTs. ACOs were iden-
tified in 158 (7.1%) out of the 2,213 subjects. The
frequency of ACO occurrence between genders
was comparable (p=0.535) (Table 1).

Among the 158 patients with detected ACOs,
a total of 186 individual ACOs were identified,

Fig. 1.- Schematic illustration of the carpus showing the various accessory bones and approximate locations. (a) Dorsal view. (b)
Volar view. Abbreviations: I-V: First to fifth metacarpals, Sc: Scaphoid, Lu: Lunate, Trq: Triquetrum, Ps: Pisiforme, Ha: Hamate, Ca:

Capitate, Trp: Trapezoid, Trm: Trapezium.
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Table 1. Summary of demographic characteristics of the study population. Abbreviations, SD: standard deviation, Min: Minimum,
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Max: Maximum, ACO: Accessory carpal ossicle.

Variables

Number of subjects (n, %)

Age (years)

Side (n, %)

(Mean * SD)
(Min. - Max)

Right
Left

Frequency of ACO (n, %)

*Mann-Whitney-U test, ** Chi-square Test

Total

2213 (100%)

36.8+12.8
18-89

1205 (54.5%)
1008 (45.5%)

158 (7.1%)

Female

696 (31.5%)

42.8+13.3
18-89

356 (16.1%)
340 (15.4%)

46 (6.6%)

Table 2. Frequency of accessory carpal ossicles (ACO) among the study population.

#

© 00N & O R W DN e

NN NNNDNRRB R B R B R @B @ @
U & W N B © © 60 N 6 Uk W N RO

Name of the Ossicle

Os trapezium secundarium

Os trapezoideum secundarium

Os parastyloideum

Os styloideum

Os metastyloideum
Os capitatum secundarium
Os epitrapezium

Os carpi centrale

Os radiostyloideum
Os paranaviculare

Os epilunatum

Os epitriquetrum

Os ulnostyloideum

Os vesalianum manus
Os ulnare externum
Os hamuli proprium
Os Gruheri

Os subcapitatum

Os praetrapezium

Os paratrapezium

Os psiforme secundarium
Os hypotriquetrum
Os hypolunatum

Os radiale externum

Os triquetrum secundarium

Within all cases

1(0.045%)
1(0.045%)
1(0.045%)
11 (0.497%)
3(0.135%)
1(0.045%)
0

6 (0.271%)
2(0.094%)
0

12 (0.542%)
20 (0.903%)
16 (0.723%)
1(0.045%)
7 (0.316%)
18 (0.813%)
0
1(0.045%)
34 (1.536%)
3(0.135%)
3(0.135%)
4(0.180%)
10 (0.452%)
3(0.135%)
28 (1.265%)

Male p-value
1517 (68.5%)

34.0+11.6 0.001*
18-78

849 (38.4%) 0.019*
688 (30.2%)

112 (7.4%) 0.535%*

Frequency (n, %)
Within ACOs
0.538%
0.538%
0.538%
5.914%
1.613%
0.538%
%0
3.226%
1.075%
0%
6.452%
10.753%
8.602%
0.538%
3.763%
9.677%
0%
0.538%
18.280%
1.613%
1.613%
2.151%
5.376%
1.613%
15.054%



Fig. 2.- The representative 3D appearance of each detected accessory carpal ossicle.

ranging from 1 to 4 per patient. Specifically, four
ossicles were found in two patients, three in four
patients, two in 14 patients, and one bone in 139
patients. The most commonly observed ACOs
included: os praetrapezium (n=34, 1.536%), os
triquetrum secundarium (n=28, 1.265%), 0s epi-
triquetrum (n=20, 0.903%), os hamuli propri-

um (n=18, 0.813%), os ulnostyloideum (n=16,
0.723%), os epilunatum (n=12, 0.542%), and os
styloideum (n=11, 0.497%), respectively. A com-
prehensive frequency and distribution of the
ACOs are delineated in Table 2. A representative
3D visual representation of each detected ACO
can be found in Fig. 2.
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DISCUSSION

The present study comprehensively examines
ACOs in a large cohort using advanced imaging
techniques. Notably, the overall prevalence of
ACOs in the studied population was 7.1%. Among
the various ACOs identified, the most common
ones were 0s praetrapezium, os triquetrum se-
cundarium, os epitriquetrum, os hamuli propri-
um, os ulnostyloideum, os epilunatum, os styloi-
deum, and os hypolunatum. The exact incidence
of ACOs in the wrist remains uncertain due to
the limited number of studies on this subject. To
provide a context for our findings, we compared
them with previous studies. Bogart (1932) exam-
ined 1452 wrist radiographs and documented an
ACO incidence of 0.4%, while O’Rahilly (1953) ex-
amined 743 wrist radiographs and found a rate
of 1.6%. Another study by Bizarro (1921) report-
ed the presence of accessory bones in only four
out of 100 wrist radiographs (4%). A more recent
study by Gursoy et al. (2021) examined 1,146
digital wrist radiographs and detected ACOs at a
higher rate of 9.7%, attributing the increased de-
tection to improved image quality in digital radi-
ography. In our study, while we observed a higher
ACO rate than in previous studies, the number of
ACOs detected was lower than that reported by
Glrsoy et al. (2021). Besides the discrepancy in
the frequency of ACOs, the distribution was also
inconsistent. It is important to note that evaluat-
ing complex carpal bone anatomy solely based on
direct radiographs is challenging due to superim-
position and the relatively small size of the bones.
Additionally, distinguishing between nonunion
of avulsion fractures and traumatic calcifications
can be difficult (O’Rahilly, 1953). Cross-section-
al and three-dimensional examinations, such as
computed tomography (CT), provide superior re-
sults. In our study, we employed CT as a screening
method, which, to our knowledge, is the first study
of its kind in the current literature. We consider
the data obtained from CT to be more reliable for
evaluating ACOs.

The exact etiology of these ossicles remains dis-
puted, but few theories address the formation of
certain ossicles. The first theory proposes that
these structures are formed when there is a defect
in the coalescence of secondary ossification cen-

ters with the main structure. In such instances,
the accessory element complements the constant
element, and they form the normal structure to-
gether. This theory can account for the presence
of the os styloideum. In the initial stages of carpal
embryological development, a primordial carti-
laginous structure is typically observed at the site
of the second metacarpal bone’s styloid process.
This eventually merges with the metacarpal to
form the styloid process (Kootstra et al., 1974). A
lack of fusion between these entities can lead to
the emergence of the os styloideum. Notably, a fi-
brocartilaginous junction typically connects the
ossicle to the metacarpal base. In a parallel man-
ner, the os hamuli proprium originates from a fu-
sion anomaly in the secondary ossification center
located in the hook of the hamate bone (Greene
and Hadied, 1981).

The second theory posits that these ossicles
have a phylogenetic origin and they are atavistic
remnants. Some of these ossicles consistently
appeared in subspecies but regressed or disap-
peared entirely over the course of evolution. In
most primates, the carpus comprises nine bones,
compared to eight in humans. The ninth bone is
named the “os carpi centrale”. This bone locks
and stabilizes the midcarpal joint, making the
wrist suitable for weight-bearing. The upright
posture of humans and the evolution of our fore-
limbs, once used for walking, into upper extrem-
ities are believed to be major factors behind the
disappearance of the os carpi centrale (Kivell,
2016; Lewis, 1985). The os radiale externum and
epitrapezium ossicles are thought to be remnants
of the prepollex found in our mammalian ances-
tors’ wrists (Le Minor 1994).

The third theory suggests that these ossicles
arise from nonunion traumatic avulsion fractures
or osseous metaplasia in surrounding soft tissues
like the capsule and ligaments (O’Rahilly, 1953).
A prime example is the os epitriquetrum. Trique-
tral fractures are the second most common car-
pal bone fractures, following scaphoid fractures.
A large portion of triquetral fractures are dorsal
cortical chip fractures. These can often go unno-
ticed in direct radiographs, and untreated cases
might result in nonunion (Vigler et al., 2006; Suh
et al., 2014). Due to the traction from the dorsal



triquetroscaphoid and radiotriquetral ligaments,
these fragments can move radially from the tri-
quetrum, resembling a distinct accessory bone.
Pfitzner (1900) once labeled this fracture as an
ACO without complete knowledge of the injury
mechanism or radiological characteristics. We
believe this labeling was a misinterpretation. An
instance of ectopic calcification is the os triangu-
lare. The triangular fibrocartilage complex (TFCC)
frequently exhibits ectopic calcification due to
both traumatic and non-traumatic degenerative
wrist diseases and certain deposition diseases
(Bade et al., 1996; Yang et al., 1995). Regrettably,
such structures have sometimes been mistakenly
classified as accessory elements in direct radio-
graphs. O’'Rahilly (1953) noted in a study of 743
wrist radiographs that 6% showed accessory cal-
cific structures. Only 1.6% were genuine ACOs,
while the remaining 4.4% were lesions resulting
from trauma. As we gain a deeper understanding
of the etiology of these structures, we expect mod-
ifications in the official list of ACOs.

The current study presents both strengths and
limitations. Its primary strength lies in the meth-
odology used to screen for the presence of ACOs,
making it the most comprehensive study on the
topic to date. However, there are notable limita-
tions. The data were collected from a local insti-
tution, so the findings may not be generalizable to
other ethnic groups. Four different observers re-
viewed The CT scans once, potentially leading to
discrepancies in their assessments. Nonetheless,
every observer noted any suspicious structure
during their initial review, and a joint decision
was made independently afterward. This process
possibly enhances the reliability of our data. As a
retrospective study, the detailed past medical his-
tory, especially regarding traumatic hand injuries
of the patients, remained unknown.

In conclusion, this study represents a landmark
in the literature on ACOs. Properly identifying
these ossicles is crucial for precise diagnosis and
intervention. While many of these ossicles are
clinically insignificant and are often found inci-
dentally during imaging, others can be associat-
ed with specific medical conditions and might be
mistaken for fractures. Conducting comparable
research on various ethnic populations would

broaden our understanding of their distribution.
Understanding the origins of these ossicles is cru-
cial to accurately defining them.
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SUMMARY

The foramen transversarium is a vital feature
found in the cervical vertebrae of the spine. It serves
as a protective passageway for the vertebral artery
and vertebral vein, supplying blood to the brain and
spinal cord. Any compromise to these structures
within the foramen can lead to severe neurologi-
cal complications, emphasizing its clinical signif-
icance. The study was carried out on 83 subjects
of typical cervical vertebrae. Among them were 42
males and 41 females. All the foramen transversar-
ia were observed for any anatomical variations. The
anteroposterior, transverse diameters of all the fo-
ramen transversaria and the distance between the
medial margin of uncinate process to the foramen
transversarium were measured. The average trans-
verse diameter of typical cervical vertebrae and sev-
enth cervical vertebrae were + 0.84mm and 5.13 +
1.22 mm respectively. The average anteroposterior
diameters of typical and seventh cervical vertebrae
were 4.84 + 0.69 mm and 3.91 + 1.17 mm respec-
tively. The distance from medial border of uncinate
process to foramen transversaria was 4.28 + 0.77
mm in typical and 5.44 + 1.28 mm in seventh cer-
vical vertebrae. The incidence of double bubble fo-
ramen in typical cervical vertebrae was reported to

bel7.5%. The incidence of double foramen transver-
saria was 12.5% in the seventh cervical vertebrae.
Osteophytes were obstructing the foramen trans-
versarium and narrowing it in 25% of vertebrae. In
cone beam computed tomography (CBCT), the fora-
men transversarium plays a pivotal role in precise
imaging of the cervical spine. Its significance lies in
providing clear visualization of anatomical struc-
tures and potential abnormalities, aiding in the ac-
curate diagnosis and treatment planning for various
spinal conditions, thus enhancing patient care.

Key words: Cone Beam Computed Tomography —
Typical cervical vertebrae — Foramen transversar-
ium — Osteophytes — Vertebrobasilar insufficiency

INTRODUCTION

A cluster of seven tiny bones, termed the cervi-
cal vertebrae, that are nestled in the neck area of
the human spine are crucial to our daily existence
and functional capacity. Given the extensive mul-
titude of tasks they execute, these vertebrae are
of paramount importance. The vertebral body,
vertebral arch, vertebral foramen, articular fac-
et, spinous process, and foramen transversarium
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(FT) are all defined by the CV as crucial anatom-
ical adaption elements (Benzel, 2012). The fora-
men transversarium, also known as the vertebral
artery foramen, is a recent structure that has gar-
nered attention. It is a small but important ana-
tomical feature, encountered notably in the first
through sixth cervical vertebrae.

The foramen transversarium is a unique struc-
ture with bilateral openings, one on each side of
the spine. It executes a multitude of necessary
tasks. The sympathetic nerve plexus, vertebral
artery, and vein all pass through the foramen
transversarium. These blood vessels deliver oxy-
gen-rich blood to the brain, supplying it with the
resources it needs to function at its best. The sym-
pathetic nerve fibres that travel via the foramen
transversarium also assist in stabilising and sup-
porting the cervical vertebrae, as well in regulat-
ing different bodily processes like blood pressure
and heart rate (Chaiyamoon et al., 2021).

Any FT-related alterations can have a direct in-
fluence on the structure and shape of the neuro-
vascular structures to which they are connected,
resulting in vertebrobasilar ischemia, hearing
impairment, and neurological symptoms inextri-
cably linked to the vertebral artery or basilar ar-
tery (Zaw et al., 2021). The foramen transversar-
ium in dry skulls is extensively discussed in the
literature, albeit without the use of radiography.
By using different imaging modalities, these vari-
ations of FT can be clearly seen radiographically.
Cone beam computed tomography (CBCT) has re-
cently attracted interest in this area.

In the entities of orthopaedics and radiology,
cervical vertebral imaging using CBCT has be-
come a useful diagnostic tool. Due to its high-res-
olution three-dimensional capabilities, CBCT has
the unique advantage of rendering the cervical
spine. This technique permits a comprehensive
inspection of the cervical vertebrae, which is best
suited for surgical planning, as it enables surgeons
to precisely examine the anatomy and patholo-
gy of the cervical spine, impacting the precision
of procedures and mitigating risk. Furthermore,
cervical spine disorders, fractures, tumours, and
degenerative changes can all be intercepted and
monitored early with CBCT, which contributes
to developing more effective and comprehensive

treatment plans. So, the aim of the present study
is to study the foramen transversarium from the
stance of a radiologist in order to improve the pro-
cess of diagnosis and therapy.

MATERIALS AND METHODS

The JSSDCH IEC Research Protocol Number:
21/2023 was approved by the institutional ethics
committee. The volumetric images produced in
the large view modes were generated using Plan-
meca ProMax 3D. A convenient sampling tech-
nique was used, assuming an absolute precision
of 5% and a confidence level of 95%. A total of 83
CBCT scans, 42 males and 41 females, were uti-
lised between May 2022 and June 2023.

Inclusion criteria

1. Ideal axial section of optimum diagnostic
CBCT images of cervical vertebrae and closely
associated structures.

2. Patients who underwent CBCT evaluation of:
Mixed dentition analysis.
b. Maxillary and mandibular arch patholo-
gies.
c. Pre and post treatment evaluation for
maxillofacial implant placement.

d. Pre-surgical planning for orthognathic
surgery.

e. Trauma involving maxilla and mandible.

Exclusion criteria

1. CBCT of axial images do not clearly depict the
cervical region and not cover the sixth cervi-
cal region.

2. Images with developmental defects or pathol-
ogy involving the cervical region.

3. Inadequate image quality, including images
with exposure artefacts, subject artefacts, and
inherent artefacts.

Radiographical images satisfying this inclusion
criteria will be further analysed for the transverse
diameter, antero-posterior diameter, distance from
the medial border of the uncinate process to the fo-
ramen transversarium, and the prevalence of any
accessory foramina and osteophytes (Figs. 1-3).


https://paperpile.com/c/8eN9TV/NIysT
https://paperpile.com/c/8eN9TV/NIysT
https://paperpile.com/c/8eN9TV/IL925
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Fig. 1.- A: Transverse and anterior-posterior diameter of foramen transversarium in axial section. B: Transverse and anterior-pos-
terior diameter of foramen transversarium measuring its dimension.

Fig. 2.- Accessory foramen transversarium (arrow).

Fig. 3.- Distance from the medial process of the uncinate process to foramen transversarium.
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Table 1. Mean and standard deviation.

Evaluated Parameters

Transverse Diameter

Anterior- Posterior Diameter

Distance from the medial border of uncinate process to foramen transversarium

Statistical analysis

The SPSS 22.0 package was used to tabulate and
analyse the gathered data. The application of de-
scriptive statistics was rendered. A paired sample
t-test was employed to assess the mean differenc-
es between the left and right sides or between the
AP and transverse dimensions. It was done to cal-
culate the mean, standard deviation, and P value.
Also, the presence of the accessory foramen and
the osteophytes obstructing the transverse fora-
men were qualitatively assessed.

RESULTS

The transverse diameter of the right transverse
foramen in a typical cervical vertebra exhibited
considerable variation, with a mean value of 5.99
+ 0.74 mm, while the anteroposterior diameter of
theright transverse foramen had a mean diameter
of 5.36 £ 0.65 mm. The average transverse diame-
ter of the left transverse foramen was found to be
6.06 + 0.7 mm, while the average antero-posterior
diameter was measured to be 5.48 £ 0.66 mm. The
estimation of the distance between the right medi-
al border of the uncinate process and the foramen
transversarium exhibited variability, with an aver-
age value of 4.76 + 0.98 mm. Similarly, the mea-
surement of the distance between the left medial
border of the uncinate process and the foramen
transversarium also displayed variability, with an
average value of 4.67 + 0.958 mm (Table 1).

Table 2. Qualitative analysis of accessory foramina and
osteophytes.

Total Number

(N =83) Percentage
Accesgory transverse 15 18.07
foramina

Osteophytes 7 843

Mean Standard deviation
(mm) (mm)
Right Left Right Left
5.993 6.066 0.747 0.707
5.363 5.488 0.656 0.660
4.761 4.677 0.987 0.958

The accessory transverse foramen was identi-
fied as the most prevalent anomaly, observed in
15 individuals, accounting for 18.07% of the total
sample. Osteophytes, the second most prevalent
anomaly, manifested in 7 patients, accounting for
8.43% of the sample (Table 2).

A paired t-test was performed on a sample com-
prising 83 individuals with the purpose of com-
paring four measurements pertaining to the ar-
chitectural characteristics of the cervical spine,
specifically focusing on the differences between
the right and left sides. The transverse foramen
exhibited a discernible discrepancy in both trans-
verse diameter (t-test of difference, T-value =
-0.948, P value = 0.346) and antero-posterior di-
ameter (t-test of difference, T-value = -1.37, P val-
ue = 0.174) between the right and left sides. None
of the aforementioned distinctions exhibit statisti-
cal significance, as none of the p-values fall below
the threshold of This finding indicates that there
are no statistically significant differences between
the right and left sides of the foramen transversar-
ium in the studied population (Table 3).

Table 3. Paired t-test.

t p
value | value
Right vs Left Anterior - Posterior Diameter = -1.37 | 0.174
Right vs Left Transverse Diameter -0.948 0.346
Right vs Left Uncinate Process to FT 0.96 | 0.34

DISCUSSION

Studying the morphology of FT is indispensable
for diagnostic applications in a variety of ways in
light of the impairment that might occur in the
vertebral artery pathway. Vertebral artery com-



pression can manifest in neurological ailments
like headaches, migraines, vertigo, and distur-
bances of the hearing. In any context, it’s critical
to understand the FT variations, especially for
surgeons and neurosurgeons. The formation of
the vertebral artery, the essential component of
the FT, during embryogenesis may be substan-
tially causally linked to the presence of these vari-
ations. The vertebral artery is developed by the
fusion of the cervical intersegmentary arteries’
longitudinal anastomosis with the primitive dor-
sal aorta. Furthermore, the disparities detected
may be precipitated by developmental changes.
According to the literature, stress and posture in
the upright human figure the skeletal layout of the
neck region (Taitz and Nathan, 1986).

As the angle of the head increases, vertebral
artery stenosis, which induces the constric-
tion, triggers Bow Hunter’s stroke, a sign of ver-
tebrobasilar insufficiency (Sarkar et al., 2014).
The vertebrobasilar insufficiency (VBI), which
provokes neck actions to nudge on the vertebral
artery, is characterised by headache, migraine,
and fainting spells (Kaya Ozcora and Canpolat,
2017; Sangari et al., 2015). Cervical migraine, also
known as Barré-Lieou syndrome, is a distinctive
kind of migraine that originates in the neck. It is
deemed that the causes of this condition comprise
spasm of the vertebral artery and occlusion of the
foramen transversarium (Tamura, 1989).

The two vertebral arteries are purportedly not
of equal size in about 69% of cases; additionally,
Sangari et al. (2015) report about 75% of unequal
size. In the present study, the mean diameter of
the right and left transverse foramen varied from
the mean by 5.99 + 0.74 mm and 6.06 + 0.7 mm,
respectively. Based on a study by Tellioglu et al.
(2018), there is still a substantial positive associ-
ation between the variation in C3-Cé6 vertebrae,
despite the fact that there was no statistically sig-
nificant difference between the dimensions of the
right and left sides. The present study is concur-
rent with similar investigations by Cagnie et al.
(2005), Taitz et al. (1978) and Zaw et al. (2021), all
of which report that the left transverse foramen is
larger than the right. The reason is that this is pre-
sumably because the arteries on the left side are
frequently broader than those on the right side

(Abd el-Bary et al., 1995; Gotlib and Thiel, 1985;
Mitchell, 2004).

The C6 level was the most afflicted level in the
present study, with 53% of the vertebrae hav-
ing a duplicate foramen, followed by the C5 lev-
el with 31%; this is almost certain with Moreira
et al. (2020) and Zibis et al. (2016). The primary
anatomical difference most commonly noticed in
our investigation was the double foramen, which
Meckel first described in 1912. The double fora-
men transversarium is also known as foramen
transversarium bipartitia. Relying on the verte-
bral artery’s course, it could be unilateral or bilat-
eral. The vertebral artery’s tortuosity, along with
embryological factors, is crucial in the develop-
ment of FT bipartitia. However, the actual cause of
the double FT is not well renowned (Ulusoy, 2019).

According to our report, the occurrence of the
accessory foramen is approximately 18.07%,
compared to 17.5% encountered by Yesender et
al. (2017). At the level of C7, Taitz et al. (1978)
presented three foramina in a single vertebra. No
triple foramen was located during our analysis.
This may well raise the probabilities of thrombus
formation and embolisation in fenestrated or nu-
merous vertebral arteries, which could lead to se-
vere transient ischemic attacks (Ionete and Omo-
jola, 2006).

Ostephytes, which are aberrant bone growths
that can conceivably cause injuries to the sympa-
thetic plexus, vertebral artery, and vein, are evi-
dently existent inside the FT (Strek et al., 1998).
The vertebral artery may get compressed as a con-
sequence of elevated external constraint imposed
by the cervical spine’s deterioration (Cockerill et
al., 2000). 8.43% of the vertebrae in the present
study evinced osteophytes, which showed hardly
a proclivity for the right or left side. Osteophytes
were found in 5.7% of the vertebrae, predom-
inantly in the C7 segment, according to a study,
which is significantly less than the percentage
reported (Das and Basu, 2022; Sanchis-Gimeno
et al., 2019). Whenever the head revolves, the os-
teophyte triggers an inflammatory response that
results in the development of a fibrous layer sur-
rounding the VA, which hinders arterial advance-
ment, compression or kinking are more likely to
occur (Kuether et al., 1997).
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The mean distance of the transverse foramen
from the medial margin of the uncinate process in
the present study was 4.76+ 0.98 mm on the right
side and 4.67+ 0.95 mm on the left side, which
was less than the study by Sangari et al. (2015),
who reported it as 5.0 + 0.87 mm on the right side
and 5.0 £ 1.0 mm on the left. This is noteworthy
because the medial edge of the uncovertebral
joint may contribute as a robust landmark during
anterior cervical disc surgery to prevent vertebral
artery injury (Malik et al., 2010). It is possible to
have a strong possibility of laceration of the ver-
tebral arteries, particularly during lateral decom-
pression to eliminate osteophytes from the unci-
nate process (Ebraheim et al., 1996).

Agenesis of the transverse foramen is often
rare. However, our investigation did not find any
evidence of the foramen transversarium being
absent. Taitz et al. reported the absence of a fora-
men transversarium in four vertebrae. Kimura et
al. (1985) recorded 18 instances, and Wysocki et
al. (2003) reported one case.

CONCLUSION

This study concluded that, regardless of the
lack of statistical significance, the left transverse
foramen was larger than the right one. In 18.07%
of the samples that were evaluated, an accessory
foramen was located, and 8.43% of the samples
revealed osteophytes. We opine that any values
lower or higher may suggest abnormality. In this
circumstance, it is posited to assess the foramen
transversarium using cone-beam computed to-
mography (CBCT), an imaging modality that is
embraced as the gold standard. The clinical sig-
nificance of the foramen transversarium will be
comprehended with further research in this field.
This is pertinent to medical practitioners, since
it exemplifies the value of detailed anatomical
information when diagnosing and treating dis-
orders involving the cervical spine. Recognising
the importance of the foramen transversarium in
vascular health, neurology, or orthopaedics is vi-
tal to delivering expedient patient treatment and
ensuring people’s livability.
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Increased mucous cell population and
modulation of Bax/Bcl-2 factors characterize
in vivo gastroprotective activity of
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SUMMARY

The physiological integrity of the gastric muco-
sa is dependent on the balance between the mu-
cosal protective and aggressive factors. Medicinal
plants or their derivatives generally exhibit gas-
troprotective effect by promoting the protective
factors against the aggressive factors of the gastric
mucosa. The study was conducted to elucidate the
gastroprotective mechanism of the methanol ex-
tract of C. owariensis (MECo) in rats. Twenty male
Wistar rats were divided into four groups, which
include control groups A and B — given distilled
water — and treated groups C and D — animals giv-
en 100 and 300 mg/kg MECo respectively for 28
days. After the treatment period, gastric mucosal
injury was induced for groups B-D by pyloric li-
gation method. The gastric tissue of animals was
collected, processed for histology (haematoxylin
and eosin technique), histochemistry (periodic
acid-schiff technique) and immunohistochemical
staining (for Bcl-2 & Bax proteins). The results of
the gastric histomorphology showed prominent
and widespread mucosal erosion in positive con-

trol group B compared to normal control group A,
while treated groups C and D showed only mild
or focal mucosal erosion. Furthermore, the his-
tochemical results showed significant increase in
mucous cell population in treated groups C and D
compared to positive control group B. The immu-
nostaining results showed significant up-regula-
tion of anti-apoptotic Bcl-2 protein and down-reg-
ulation of pro-apoptotic Bax protein in the treated
groups C and D compared to the control groups
A and B. In conclusion, the findings of this study
indicate that the increased mucous cell popula-
tion and modulation of apoptotic signaling high-
lights the mechanism of gastroprotective activity
of MECo.

Key words: Cissampelos owariensis — Gastropro-
tection — Mucous cell — Apoptosis — In vivo

INTRODUCTION

The gastrointestinal tract represents a collec-
tion of tissues which function to convey and di-
gest ingested food substance, as well as absorb
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water, electrolytes, vitamins and other nutrients
into the body (Barret et al., 2019). From the exter-
nal aspect inward, the morphological composi-
tion of the tract includes serosa, muscular layers,
submucosa and mucosa. Among the viscera of
the tract, the stomach function as the major stor-
age of ingested food substance, and as a site for
churning or mixing the food substance with acid-
ic gastric secretions to form a semi-fluid prod-
uct known as chyme (Hall, 2016). Generally, the
innermost mucosal layer of the gastrointestinal
tract provides the protective covering against the
digestive effect of the secretions or other toxic in-
gested substances. However, the gastric mucosal
protection is functionally achieved by an equilib-
rium between the mucosal protective and aggres-
sive factors (Omotoso and Eze, 2022).

Essentially, the gastric mucosa contains mu-
cous and parietal cells which produce mucus and
bicarbonate ions respectively. These in turn form
a viscous layer of gel that constitutes the major
protection for the mucosa against the acidic gas-
tric secretions and digestive enzymes. Other con-
tributing factors to the gastric mucosal protection
include the microcirculation, prostaglandins,
cyclooxygenase and epidermal growth factors
(Bongu and Vijayakumar, 2012; De Lima et al.,
2021). On the other hand, the mucosal aggressive
factors include oxidative stress, ischaemia, exog-
enous factors such as bacteria, ethanol, non-ste-
roidal anti-inflammatory drugs and endogenous
factors such as elevated acidic gastric secretions,
and bile acids (Sembulingam and Sembulingam,
2010). The mechanism of gastric mucosal injury
or ulceration by most aggressive factors involves
the induction of oxidation stress through the pro-
duction of reactive oxygen species (ROS) and oth-
er free radicals (Ajeigbe et al., 2014). Therefore,
there is a probable potency of antioxidants to mit-
igate the erosive effect of the aggressive factors on
the gastric mucosa. These antioxidants include
chemically synthesized compounds and naturally
derived from medicinal plants.

Medicinal plants have been widely applied for
diverse therapeutic purposes and their applica-
tions have been on a steady increase in recent
years due to their wide accessibility, affordability
and negligible adverse effects (Adelanwa and Ti-

jani, 2013). Among the diverse medicinal plants is
the Cissampelos owariensis (C. owariensis), which is a
twiner plant commonly found in tropical regions
especially sub-Saharan African countries. It be-
longs to the menispermaceae family, which com-
prises about 70 genera and 450 species (Akande
et al., 2013). It has been reported to exhibit a wide
range of therapeutic activities, which include the
treatment of dysentery, diarrhoea, enteritis, colic
and intestinal worm infections (Ekeanyanwu et al.,
2012; Erhirhie et al, 2015). In our previous study,
the gastroprotective potential of the methanol ex-
tract of the C. owariensis against the erosive effect
of prolonged exposure to acidic gastric secretions
(a potent gastric mucosal aggressive factor) has
been reported (Omotoso et al., 2019b). However,
the mechanism of its gastroprotective has not been
fully elucidated in contrast to the anti-ulcer activity
of another species of the same family — Cissampelos
mucronata —which has been previously described
and linked with its cytoprotective and antispas-
modic mechanisms (Nwafor and Okoye, 2005).

The aim of this study was to elucidate the in vivo
gastroprotective mechanism of the methanol ex-
tract of C. owariensis (MECo) through assessment of
the role of gastric mucous cell and apoptotic signal-
ing factors, which include the anti-apoptotic Bcl-2
and pro-apoptotic Bax proteins using rat model.

MATERIALS AND METHODS

Study Reagents

The reagents used for the study were of analytical
grade and procured from Sigma-Aldrich Chemical
Company (St. Louis, MO, USA) except the prima-
ry and secondary antibodies that were procured
from Abcam, Cambridge, Massachusets, USA.

Experimental animals

This study involved twenty (20) adult male Wis-
tar rats with a weight range of 140-170 g. They
were sourced from the Central Animal House fa-
cility of the School of Basic Medical Sciences, Ig-
binedion University, Okada, Edo State, Nigeria.
The animals were housed at the facility through-
out the study period and kept in standard animal
cages under hygienic conditions, room tempera-
ture of 25 + 2°C and twelve (12) hour light/dark cy-



cle. They were fed with standard animal feed and
access to drinking water was ensured throughout
the study period. The study was approved by the
Research and Ethical Committee, School of Basic
Medical Sciences, Ighinedion University, Okada,
Edo Sate, Nigeria (11/013413/HSC). The exper-
imental procedures were conducted in compli-
ance with international guidelines for handling
and care of experimental animals.

Plant material collection and extraction

The plant material was collected from the sub-
urb of the Okada community in Edo State, Nigeria.
Following the verification of the plant, the leaves
were detached and air-dried for three weeks.
With the aid of mechanical grinder, the dried
leaves were pulverized into powder form. The
powdered plant material was infused into meth-
anol for seventy-two (72) hours, filtered and the
filtrate was evaporated through a rotary evapo-
rator. The alcohol-based extractio, adopted in the
current study essentially exhibits the potency for
extracting more phytochemicals, especially those
with antioxidant properties than aqueous-based
extraction (Safarzaei et al, 2020). The extract res-
idue was cooled and kept in a refrigerated cham-
ber until its use for the study.

Experimental design

The animals were randomly divided into four
groups, which include control groups A and&
B and treated groups C and D. Each group com-
prised five animals (n=5). The normal control
group-A animals were given distilled water (5 ml/
kg body weight) and not induced by pyloric liga-
tion. The positive control group-B animals were
given distilled water (as in group A) and induced
by pyloric ligation. The treated groups C and D
were given 100 and 300 mg/kg MECo respective-
ly and induced by pyloric ligation. The treatment
period was 28 days and the administration was
carried out via oral route using an orogastric ga-
vage coupled to a calibrated syringe.

Pyloric-ligation method of inducing gastric mu-
cosal injury

At the end of the treatment period, the animals
were fasted for 24 hours but allowed free access

to water. Animals were anaesthetized by intraper-
itoneal injection of Ketamine/Xylazine (50 mg/kg
at ratio 1:1). The pylorus of the stomach of the an-
imals in groups B to D was accessed in the abdom-
inal cavity via a small midline abdominal incision.
The pylorus was gently pulled up, ligated and re-
turned into the cavity. The abdomen was closed
and a five (5)-hour observatory period followed
(Shay et al., 1945). Thereafter, the animals were
euthanized and stomach tissue harvested for sub-
sequent examination

Tissue processing, histological and histochem-
ical staining

The stomach tissue was fixed using 10% neutral
buffered formalin, dehydrated using ascending
grades of alcohol (70%, 90% and absolute alco-
hol), cleared using xylene and embedded in par-
affin to form tissue blocks. The tissue blocks were
sectioned using rotary microtome at 5 y, and tis-
sue sections were mounted on slides for histolog-
ical and histochemical staining.

For histological staining using haematoxylin
and eosin (H & E) technique, the tissue sections
were dewaxed using xylene and hydrated us-
ing descending grades of alcohol (100%, 90%,
and 70% alcohol) and distilled water. They were
stained in haematoxylin, washed in running wa-
ter, differentiated and blued using 1% acid alcohol
and tap water respectively, and rinsed in water.
The counter-staining of tissue sections was done
using eosin. The sections were rinsed in water, de-
hydrated using alcohol, cleared using xylene and
mounted using distrene polystyrene xylene (DPX)
(Fischer et al., 2008).

For histochemical staining using the periodic
acid-schiff (PAS) technique, the tissue sections
were dewaxed using xylene and hydrated using
alcohol to distilled water. Sections were treated
with 0.5% periodic acid, rinsed in water, treated
with schiff’s reagent. The tissue sections were
rinsed in water, counterstained in haematoxylin
and rinsed in water. Dehydration of sections was
done using alcohol, clearing using xylene and
mounting using DPX (McManus, 1948). The quan-
tification of the mucous cell population within the
gastric tissue sections was conducted using the
image-J software. This was achieved by creating
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uniformly-defined count areas on the tissue sec-
tion in each of the five replicates per group using
grid-lines. The mucous cell count for three uni-
formly selected count areas was recorded in each
replicate and the mean value of mucous cell count
was determined for each group.

Immunohistochemical staining for Bax and Bcl-
2 proteins

Tissue sections were hydrated using alcohol
and water and antigen retrieval was done using
citric acid solution (pH 6.0) in a microwave (at 100
Watts). Equilibration was done using running wa-
ter to displace the hot citric acid; tissue sections
were then exposed to peroxidase block, rinsed in
phosphate buffer saline (PBS). Non-specific pro-
teins in sections were blocked using Nevocastra
protein block. Tissue sections were rinsed in PBS
and incubated in primary antibody (prepared
with 1 in 100 dilution ratio). They were rinsed
with PBS, treated with secondary antibody and
further rinsed with PBS. The polymer was added
to the tissue sections and rinsed with PBS. Tissue
sections were treated with 3,3-diaminobenzidine
(DAB) substrate, rinsed with water, counterstained
with haematoxylin and further rinsed with water.

Dehydration was done using alcohol, clearing
with xylene, and mounting with DPX (Omotoso
and Eze, 2022). The quantification of the protein
distribution within the gastric tissue sections was
conducted using the image-J software.

Statistical analysis

The data derived during this study were ana-
lyzed using IBM-SPSS (version 22) and statistical
results were presented as mean + standard error
of mean (SEM). Comparison of statistical mean
values was done using one-way analysis of vari-
ance (ANOVA), with p < 0.05 and p < 0.01 consid-
ered as statistical significant levels.

RESULTS

Histological study

The gastric tissues of the study animals showed
varying histomorphology. The normal control
group (Fig. 1A) presented normal gastric histo-
morphology that shows the component parts of
the gastric mucosal glands, which include gastric
pits, isthmus, neck and base. The positive control
group (Fig. 1B) showed intense mucosal erosion

Fig. 1.- Photomicrograph of stomach tissue of experimental animals showing normal gastric histomorphology in control group A,
intense mucosal erosion (black arrow) in positive control group B and mild focal mucosal erosion in treated groups C and D (H&E,
X100). Double end red arrow indicates the minimum mucosal layer thickness. Scale bars: 50 pum.



with significant reduction of the mucosal isthmus
due to the exposure to the gastric acid secretion.
However, the pre-treatment with C. owariensis re-
sulted into mild or focal mucosal erosion in the
gastric histomorphology of groups C and D after
exposure to the gastric acid secretion (Fig. 1C, 1D).

Histochemical study

The PAS staining of the gastric tissues revealed
the distribution of the mucous cells of gastric mu-
cosa of study animals. The normal control group
presented normal distribution of the surface and
neck mucous cell population (Fig. 2A). The positive
control group (Fig. 2B) showed significant decline
of the mucous cell population following the expo-
sure to the gastric acid secretion. However, the
pre-treatment with C. owariensis resulted into signif-
icant increase of the mucous cell population which
include the surface and neck cells (Fig. 2C, D).

Immunohistochemical study

The immunostaining of the gastric tissues re-
vealed the distribution of the anti-apoptotic Bcl-2
protein within the gastric tissues of the study an-
imals. The Bcl-2 protein distribution of the pos-

itive control group-B animals showed significant
decline compared to the normal control group A.
However, the pre-treatment with C. owariensis re-
sulted into significant increase of the Bcl-2 pro-
tein distribution compared to the control groups
A and B (Fig. 3).

The immunostaining of the gastric tissues fur-
ther revealed the distribution of the pro-apoptotic
Bax protein within the gastric tissues of the study
animals. The Bax protein distribution of the pos-
itive control group B animals showed significant
increase compared to the normal control group
A. However, the pre-treatment with C. owariensis
resulted into significant decline of the Bax pro-
tein distribution compared to the positive control
groups B (Fig. 4).

DISCUSSION

The physiological integrity of the gastric mu-
cosa has been described to be dependent on the
balance between the mucosal protective factors
(which include increase mucous cell population
or mucus secretion) and mucosal aggressive fac-
tors (which result into oxidative stress and apop-

Fig. 2.- A-D: Histochemical staining of gastric tissue of groups A-D animals showing the mucous cell population (surface and neck
mucous cells) within the gastric mucosa (PAS, X100). E: Evaluation of mucous cell distribution in the gastric mucosa of experi-
mental animals in groups A-D using five replicates per group. (*** indicate significant difference at p < 0.05 (0.0212) and p < 0.01

(0.0032) respectively). Scale bars: 50 pm.
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Fig. 3.- A-D: Immunostaining of gastric tissue of groups A-D animals showing Bcl-2 protein distribution indicated by dark-brown
coloration. E: Evaluation of Bcl-2 protein expression in gastric mucosa of groups A-D animals using five replicates per group (***
indicate significant difference at p < 0.05 (0.0344) and p < 0.01 (0.0048) respectively). Scale bars: 50 um.

Fig. 4.- A-D: Immunostaining of gastric tissue of groups A-D animals showing Bax protein distribution indicated by dark-brown
coloration. E: Evaluation of Bax protein expression in gastric mucosa of groups A-D animals using five replicates per group (***
indicate significant difference at p < 0.05 (0.0134) and p < 0.01 (0.0037) respectively). Scale bars: 50 pm.

tosis) (Gryko et al., 2014; De Lima et al., 2021). the gastric mucosa. This is indicated in the cur-

Medicinal plants or their derivatives generally rent study whereby MECo exhibited gastroprotec-
exhibit gastroprotective effect by promoting the tive effect against the gastric mucosal aggressive
protective factors against the aggressive factors of factor (acidic gastric secretion). Based on the his-
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tological results of this study (Fig. 1), the gastric
histomorphology of the positive control group-B
animals showed prominent and widespread mu-
cosal erosion compared to the normal control
group A. However, the gastric histomorphology of
treated groups C and D revealed mild or focal mu-
cosal erosion which indicates the gastroprotec-
tive effect of MECo. Previous studies on the phy-
tochemical analysis of C. owariensis have reported
the presence of bioactive compounds which in-
clude flavonoids, alkaloids, tannins and saponin.
These are secondary metabolites that provide the
therapeutic activity of the extract which include
reparation of tissue histomorphology following
exposure to toxicants (Ekeanyanwu et al., 2012;
Omotoso et al., 2019a).

According to the histochemical results of this
study (Fig. 2), the mucous cell population showed
significant (p < 0.05) increase among the ani-
mals of groups C and D, which were pre-treated
with MECo compared to the animals of control
groups A and B. Essentially, the mucous cells of
gastric mucosa produce alkaline mucus, which
contributes to the formation of a layer of protec-
tive gel that protects the mucosal surface against
the erosive effects of gastric mucosal aggressive
factors (Sembulingam and Sembulingam, 2010).
In previous studies, the functional impairment
of mucus secretion had been associated with in-
creased mucosal injury, while elevated gastric
mucus secretion, usually due to increase in the
mucosal cell population, enhanced the gastric
mucosal protection (Zakaria et al., 2015; Ige et al.,
2016). The increase in the mucous cell population
among the treated groups C and D in the current
study would enhance a physiological elevation of
mucus secretion, which would in turn mitigate
the erosive effect of the acidic gastric secretion.
Previous studies have similarly reported the in-
crease in gastric mucus production as one of the
gastroprotective mechanism which helps to pre-
serve the mucosal protective covering (Nwangwu
et al., 2013; Chantharangsikul et al., 2016; Kim et
al., 2019; Kim et al., 2020).

Furthermore, the exposure to aggressive factors
results into gastric ulceration or injury through
induction of oxidative stress and stimulation of
apoptosis. Hence, the modulation of apoptotic

signaling pathway plays an important role in de-
termining the physiological integrity of the gastric
mucosa. The B-cell lymphoma-2 (Bcl-2) protein
family regulates apoptosis through interaction
with mitochondrial function leading to mitochon-
drial membrane permeabilization and activation
of the caspase signaling cascades. The members
of the protein family include the anti-apoptotic
Bcl-2 protein and pro-apoptotic Bax protein (Kale
et al., 2018). According to the result of the current
study (Fig. 3), there was a significant (p < 0.05) in-
crease in the anti-apoptotic Bcl-2 protein in the
gastric tissue of the treated groups C and D com-
pared to the control groups A and B. Conversely,
there was a significant (p < 0.05) increased level
of the pro-apoptotic Bax protein in the gastric tis-
sue of the positive control group B compared to
the normal control group A and treated groups C
and D (Fig. 4).

Therefore, the findings of this study concluded
that the gastroprotective mechanisms of MECo
include the upregulation of anti-apoptotic and
down-regulation of pro-apoptotic signaling fac-
tors. According to the studies by Arab et al. (2015)
and Liuetal. (2018), gastroprotective mechanisms
involve the inhibition of pro-apoptotic signaling
factors, which include Bax/Bak expressions and
activation of anti-apoptotic signaling factors like
Bcl-2/Bcl-X,. This outcome was further corrobo-
rated by the findings of Zhou et al. (2020), Raish
et al. (2021) and Fu et al. (2021), which showed
that the inhibition of Bax and activation of Bcl-2
signaling as significant contributory mechanisms
during the gastroprotective activity of gallic acid,
sinapic acid and Periplaneta americana extract re-
spectively. Moreover, previous studies have re-
ported that the anti-apoptotic effects of therapeu-
tic drug candidates such as paeonol, irbesartan
and betaine-homocysteine significantly contrib-
ute to their gastroprotective activity in rat model
(Hafez et al., 2018; Shahin et al., 2018; Gundogdu
etal., 2022).

CONCLUSION

The findings of this study indicated that a sig-
nificant increase in the mucous cell popula-
tion, up-regulation of anti-apoptotic (Bcl-2) and
down-regulation of pro-apoptotic (Bax) protein
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expression and distribution within the gastric
mucosa characterize in vivo gastroprotective ac-
tivity of the methanol extract of C. owariensis in rat
model.
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SUMMARY

The sexual dimorphism of the mastoid process,
as demonstrated by cone beam computed tomog-
raphy (CBCT), is not well examined in forensic
anthropology or clinical diagnostics. The mastoid
region can be precisely imaged in three dimen-
sions using CBCT, which reveals minute anatom-
ical variations between males and females. These
characteristics can help forensic professionals
identify the sex of unidentified human remains,
helping to solve crimes and aid in the search for
missing persons. Moreover, recognising sexual di-
morphism in the mastoid process in clinical set-
tings can help with precise patient identification
and individualised medical treatments, highlight-
ing the important function of CBCT in both the fo-
rensic and medical areas.

Key words: Mastoid pneumatisation — Cone
beam computed tomography — Sexual dimor-
phism — Forensic sciences — Morphology

INTRODUCTION

The human skull holds a wealth of information
that can aid in determining the sex of an individ-
ual, providing valuable insights in fields such as
forensic science, anthropology, archaeology, and
medicine. This method of sex determination is
based on the observation of sexually dimorphic
traits as they manifest in the skull. These traits
are influenced by hormonal, genetic, and func-
tional factors, making the analysis of skull mor-
phology a powerful tool for identifying the sex of
skeletal remains (Bertsatos et al., 2020).

In forensic investigations, the identification of
human remains is of paramount importance. The
skull is often one of the best preserved parts of a
skeleton, making it a prime structure for sex de-
termination. By analysing various features, foren-
sic experts can establish the sex of the individual,
aiding in the process of identifying missing per-
sons, civil cases, extensive antemortem injuries,
high-intensity explosions, or postmortem mutila-
tion by animals. The mastoid process of the skull
has attracted attention from various researchers,
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because of its protected position at the base of the Objectives of the study

skull and relatively compact structure; it usually The aim of the study is to analyse the morphol-

ogy of the mastoid process by using the area of
Since mastoid provides valuable informationfor ~ the mastoid triangle, the area of the intermastoid

remains in one piece (Franklin et al., 2012).

sex determination, it is essential to recognise that triangle, mastoid volume, bimastoid distance, and
it is not a foolproof method. There is variability =~ mastoid height, thatis, to find out if any difference
within populations, and some individuals may ex- exists between the area of the mastoid triangle,
hibit traits that are atypical for their sex. Advances the area of the intermastoid triangle, mastoid vol-

ume, bimastoid distance, and mastoid height be-
tween males and females.

in technology, such as three-dimensional imag-
ing, continue to refine and enhance the accuracy
of sex determination based on skull morphology, If established, a further aim is to apply these
and Cone Beam Computed Tomography (CBCT) is findings to forensic uses.

one such modality that has gained recent interest.
Inclusion criteria
CBCT is an imaging device that uses a cone

shaped X-ray beam. The X-ray source and detec- « CBCT images with optimum diagnostic quality.

tor rotate around a field of interest for the patient. + CBCT images clearly showing the morphology
The received images are transferred to a comput- of the base of the skull.

er that Performs primary reconstructions, whi.ch Exclusion criteria

can be viewed as 2D multiplanar reformatted slic-

es or in 3D. The advancements in oral and max- + Image with presence of any developmental
illofacial radiology, together with the availability anomaly/ central pathology involving the base
and affordability of CBCT devices, have led to an of the skull.

increase in scanning addressability in the field « Image with any evidence of previous surgery,
of dentistry, including forensics (Baban and Mo- fracture, or healed fracture of the base of the
hammad, 2023). skull.

+ Non-diagnostic CBCT images, including par-
tial images or presence of artefacts in the
mastoid region.

Several researchers have evaluated various as-
pects of the mastoid process for their usefulness
in sexual dimorphism, which is primarily deter-

mined through dry skull exploration (Gupta et Radiographs satisfying the inclusion crite-
al., 2022; inceoglu et al., 2021; Sushmitha et al., ria were subjected to analysis for the follow-
2020). Studies using CBCT are extremely rare, as ing landmarks in axial, coronal, sagittal, and
are those including the Indian population. The 3D-rendered images in Planmeca Romexis
purpose of this study is to assess all the metrics 5.3 (3D software):

in axial, sagittal, and coronal sections, as well as « Area of the mastoid triangle using Heron’s
the 3D-rendered imagery for all conceivable find- formula (a mathematical formula to calculate
ings in the mastoid process that may demonstrate the area of the triangle in terms of the length
sexual dimorphism in order to build up the body of the sides), which will be measured using
of knowledge. the porion, asterion, and mastoidale as land-

marks (Fig. 1A).
MATERIALS AND METHODS

This is a descriptive retrospective study per-
formed on 64 subjects, comprising 32 males and

A= Js(s —a)(s — b)(s — ¢)
a, b and c are the lengths of t2he sidesands=(@+5b+c)
32 females. The study samples were selected by ) o )
+ Areaoftheintermastoid triangle using Heron’s
formula, which will be measured using the bi-
lateral mastoidales and menton. (Fig. 1B).

a simple purposive sampling method and were
homogenous in origin. Ethical clearance was ob-
tained from the institutional ethical committee.
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Fig. 1.- A. Area of the mastoid triangle that is measured using the porion, asterion, and mastoidale as landmarks. B. Area of the
intermastoid triangle that is measured using the bilateral mastoidales and menton.

« Mastoid volume, which will be measured using: - Formula for calculating the volume used
- True mastoid height (TMH)-a vertical line =TMH x OSD X OCD X 0.52 (Allam and Al-
from the mastoid tip to the tegmen mastoid- lam, 2016).

ium measured on a coronal plane (Fig. 2A).
- Maximal oblique sagittal diameter (OSD):

maximal long axis diameter of the mas-

toid measured on an axial plane (Fig. 2B).
- Maximal oblique coronal diameter (OCD): Each of these measurements was repeated twice

maximal short axis diameter of the mas- by the same observer at an interval of 15 days. An
toid measured on the axial plane (Fig. 2B).

+ Bimastoid length — the distance between the
right and left mastoidale. (Fig. 3).

« Mastoid height from the Frankfurt plane (Fig. 4).

Fig. 2.- Cone Beam Computed Tomography (CBCT) images of right mastoid; A: True mastoid height that is measured axially in CBCT
with vertical line from the mastoid tip to the tegmen mastoidium. B: Maximal oblique sagittal diameter (OSD)- maximal long axis
diameter of the mastoid; and Maximal oblique coronal diameter (OCD)- maximal short axis diameter of the mastoid measured in
coronal section of CBCT.
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Fig. 3.- Bimastoid length- distance between the right and left
mastoidale.

average of these measurements was taken into
consideration to avoid intra-examiner variations.

Statistical analysis

The collected data was tabulated and statistical-
ly analysed, and a comparison was made between
different age and sex groups. The mean value, SD,
p value, and t value were calculated separately.

Fig. 4.- Mastoid height from the Frankfurt plane.

The collected data were then subjected to descrip-
tive statistics and the Kolmogorov-Smirnov test
to establish normality. As the data were normal-
ly distributed, a two-tailed t test for independent
samples was performed. A p value of less than or
equal to 0.05 was considered statistically signifi-
cant. The statistical analysis was performed using
SPSS software version 23.0.

Fig. 5.- Graph depicting the descriptive statistics of all the parameters analysed.



Table 1. Descriptive statistics.

Sex

Male
Area of Left Mastoid Triangle

Female

Male
Area of Right Mastoid Triangle

Female
Area of Male
Inter-mastoid Triangle Female

Male
Volume of Left Mastoid

Female

Male
Volume of Right Mastoid

Female

Male
Bimastoid length

Female

Male
Left Mastoid Height

Female

Male
Right Mastoid Height

Female

RESULTS

Out of the 64 subjects scrutinised, 32 (50%)
were male and 32 (50%) were female. The mean,
standard deviation, and standard error mean
were estimated with descriptive statistics, which
are depicted in Fig. 5 and Table 1.

Table 2. Independent t test.

t df P

Area of Left Mastoid Triangle 3.96 62 @ <.001
Area of Right Mastoid Triangle 5.63 62 <.001
Area of Inter-mastoid Triangle 1.78 62  0.08

Volume of Left Mastoid 2.99 62  0.004
Volume of Right Mastoid 3.8 62  <.001
Bimastoid length 5.2 | 62  <.001
Left Mastoid Height 0.81 62 0.422
Right Mastoid Height 0.83 62 | 0.452

A two-tailed t test for independent samples
showed the following differences between males
and females with respect to the dependent vari-
ables: area of the mastoid triangle, volume of the

32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32

Mean Std. Deviation Std. Error Mean
888.87 mm? 164.39 mm? 29.06
734.04 mm? 147.91 mm? 26.15
2518.48 mm? 367.57 mm? 64.98
1988.52 mm? 385 mm? 68.06
3134.48 mm? 461.07 mm? 81.51
2922.8 mm? 488.72 mm? 86.39
5461.45 mm? 2891.33 mm?® 511.12
3593.34 mm? 2023.67 mm?® 357.74
6002.92 mm? 3149.39 mm?® 556.74
3513.1 mm? 1954.88 mm? 345.58
105.37 mm 4.53 mm 0.8
98.37 mm 6.12 mm 1.08
30.64 mm 8.64 mm 1.53
29.03 mm 7.21 mm 1.27
30.64 mm 8.64 mm 1.53
29.03 mm 7.21 mm 1.27

mastoid triangle, and bimastoid length were sta-
tistically significant, whereas the area of the in-
termastoid triangle and the height of the mastoid
process with relation to the Frankfurt plane were
not statistically significant between both sexes, as
elaborated in Table 2.

DISCUSSION

The mastoid process is a bony projection locat-
ed behind the ear, specifically at the base of the
skull’s temporal bone. This anatomical structure
has garnered attention in the fields of forensic
anthropology and physical anthropology as a
sexually dimorphic trait that can aid in sex de-
termination, particularly when analysing skeletal
remains. The size and shape of the mastoid pro-
cess can exhibit differences between males and
females, contributing to the overall assessment
of an individual’s sex (Paiva and Segre, 2003). Nu-
merous authors have suggested the same. In gen-
eral, the mastoid process tends to be more prom-
inent and larger in males if compared to females.
This difference arises due to various factors, in-
cluding hormonal influences, muscle attachment
points, and biomechanical demands associated
with sexual dimorphism (Schulter-Ellis, 1979).

Karthikeya Patil et al.
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Most of the mastoid dimensions observed in the
study had significant sexual dimorphism, such as
the area of the mastoid triangle, mastoid volume,
and bimastoid length, except for the area of the
intermastoid triangle and mastoid height. The lit-
erature also shows significant sexual dimorphism
among many racial and ethnic groups (Allam and
Allam, 2016; Bhayyaetal.,2018; Guptaetal.,2012;
Kemkes and Gobel, 2006), which also assessed
various parameters involving the mastoid with
similar significant results of sexual dimorphism.

Using the xerographic approach, Paive and Seg-
re identified and characterised the mastoid tri-
angle on dry skulls in a population in Sao Paulo,
Brazil. They did this by calculating the areas of
the left and right mastoid triangles, then ampli-
fying the two areas to determine the overall area
(de Paiva and Segre, 2003). In dry skulls, the area
of the mastoid triangle is a highly scrutinised in-
dicator of sexual dimorphism. The mastoid, aste-
rion, and porion were considered markers in the
majority of studies for this analysis. Kemkes and
Gobel (2006) reported that only 65% of the skulls
could succinctly discern the right gender using
discriminant function analysis. The mastoid tri-
angle area in the Saudi population demonstrat-
ed sexual dimorphism, according to Madadin et
al. (2015), which was all in line with the current
study, because the techniques used were compa-
rable and the subjects shared an ethnic origin.

We attempted to analyse the area of the inter-
mastoid triangle that has not previously been
studied. The study’s findings, however, were not
significant in terms of sexual dimorphism. How-
ever, a study by Sobhani et al. (2021) using the
intermastoid triangle’s shape showed a consider-
able sexual dimorphism in shape, with a discrimi-
nant analysis accuracy of 88.8%. This conflict can
be due to the methods adopted, as the application
used for the analysis was third-party software, so
images had to be imported accordingly.

The same technique adopted by Allam et al., who
used tMH, OCD, and OSD to measure the volume,
was used to analyse the volume of the mastoid tri-
angle (Allam and Allam, 2016). They scrutinised
over 80 samples using MDCT (Multi-Detector
Computed Tomography) belonging to the Egyp-
tian population. They encountered positive re-

sults for sexual dimorphism, which is concurrent
with the present study. They reported a mean of
13.09 + 3.6 cm® and 8.43 + 3.3 cm?® in males and
females, respectively. The similarity between the
studies might be due to the similar method of cal-
culation used in both the studies. The sexual di-
morphic trait exhibited by the volume of the mas-
toid process can be validated with similar a study
presented by Sumati and Patnaik (2015).

Bimastoid diameter has been previously an-
alysed by Okumus (2021), who scrutinised 200
CBCT images of 100 male and 100 female sub-
jects. He found significant sexual dimorphism,
which is in accordance with our study. Marines-
cu et al. (2014) reported that the accuracy rate for
bimastoid diameter was 73%, and the measure-
ments showed a significant difference in the Ro-
manian population. In addition, Jain et al. (2013)
reported that the accuracy rate for bimastoid di-
ameter was 75%, and that its availability for sex
determination was relatively high in an Indian
population, which is similar to the present popu-
lation involved in the study.

The average mastoid height was reported to be
24.5 mm in female skulls and 29.7 mm in male
skulls by Passey et al. (2021) in their study on 70
adult skulls (44 male and 26 female skulls). Suma-
ti and Patnaik (2015) revealed that the mean mas-
toid height was 28.3 mm in male skulls and 23.18
mm in female skulls in their study of 60 adult hu-
man skulls. They came to the conclusion that, after
stepwise discriminant function analysis, mastoid
height was shown to be the best sex determinant.
Mastoid height with the Frankfurt plane as a ref-
erence point, however, was not statistically signif-
icant for sex estimation, which led to contradicto-
ry findings in the current study. This may be due
to the variability of the landmarks considered for
the study despite being of the same ethnic origin.

Any study based on the mastoid’s dimensions
is very dependent on the population being inves-
tigated, because numerous factors influence the
shape and size of the mastoid bone in various
populations, which makes it impossible to extrap-
olate from the results of a study conducted in one
demography to another. It is urged that similar re-
search be done on a larger database and that these
limitations be taken into account when applying
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the study’s conclusions. The very small sample
size of the present study is a drawback, and larg-
er-scale studies are advised to investigate their
function in sex estimation. The use of a single
type of CBCT device with a defined FOV (Field of
Vision) and voxel size is another restriction. The
resolution of the image may be affected by using
a different machine or changing study conditions,
leading to varying findings.

CONCLUSION

The mastoid bone could be efficiently used in sex
discrimination via unidentified bone remains, and
is preferable in forensic medicine and anthropolo-
gy. Area of the mastoid triangle, volume of the mas-
toid triangle, and bimastoid diameter are the most
efficient determinants with high accuracy. Studies
on the mastoid process for sex determination have
contributed valuable insights to the field of foren-
sic anthropology. While the mastoid process can
be a helpful indicator of sex, it is not used in iso-
lation. Instead, it is integrated with other cranial
and postcranial traits to create a comprehensive
assessment of an individual’s sex. Furthermore,
the significance of population-specific variation
highlights the importance of developing accurate
reference standards for various populations.
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SUMMARY

The period of peri-menopause (PMP) is char-
acterized by hormonal fluctuations that impact
the strength and health of bones. Oxytocin (0X), a
small peptide known to be present in bone tissue,
is the focus of this study. The objective of this re-
search is to gain a better understanding of how OX
precisely functions in the remodeling process of
the mandibular bone. This understanding is seen
as a crucial step in preventing the loss of both
cortical and trabecular bone during the PMP. The
current findings indicate that OX plays a role in
preserving both compact and trabecular bone tis-
sues, enhancing the mineral-to-matrix ratio, and
regulating bone markers. Furthermore, it reduces
porosity in both cortical and trabecular bone lev-
els. Interestingly, these effects are reversed when
an oxytocin receptor antagonist (GSK-221,149-A)
is introduced, suggesting that OX’s bone-preserv-
ing action is primarily mediated through the oxy-
tocin receptor, rather than other mechanisms.

Key words: GSK-221-149-A — Mandibular bone
— Estradiol — Peri-menopausal — Oxytocin

INTRODUCTION

The peri-menopause period (PMP) is associated
with sex hormone fluctuations affecting strength
of skeletal system in females (Marongiu, 2019).
The decline in estradiol (E2) levels has a notice-
able impact on the activity of bone cells, leading
to an overactive state of osteoclasts coupled with
reduced activity of osteoblasts (Allan et al., 2010;
Nordstrom et al., 2015). This imbalance results
in higher bone resorption, which manifests as an
increased occurrence of bone fractures. Research
findings indicate that the prevalence of hip bone
fractures rises significantly in females aged over
50, with up to a 20% increase when compared to
middle-aged females (Kim et al., 2020). Since the
cortical part of the bone contributes more sig-
nificantly to its strength than the trabecular part
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(Naqvi et al., 2020), the higher rate of bone frac-
tures with age can be attributed to the diminished
presence of orthophosphate ions [(PO4)3-]and car-
bonate [H2CO3] within the bone cortex. This leads
to alterations in the microstructure and thickness
of the bone (Akkus et al., 2004; Ahmed et al., 2015;
Long et al., 2020; Fananas-Baquero et al., 2021).

Oxytocin (0OX) receptors have been detected in
various bone cells, including osteoclasts and os-
teoblasts (Cheng et al., 2020), and studies have
shown that OX can enhance the anabolic activity of
these bone cells (Colicci et al., 2002; Tamma et al.,
2009; Abbasi et al., 2019). In females during the
peri-menopausal period (PMP), there is typical-
ly a decrease in estrogen plasma levels, which is
reflected in reduced OX levels and the down-reg-
ulation of its receptor (Breuil et al., 2011; Colaian-
ni et al., 2014a). There is a clear need to develop
alternative therapies that can effectively reduce
the prevalence of osteopenia or osteoporosis in
females during the PMP (Ferreira et al., 2015). In
albino Wistar rats, the peri-menopausal phase,
characterized by lower estrogen plasma levels,
typically occurs around twenty months of age
(Nicola et al., 2016). The primary objective of the
current study is to investigate the precise mecha-
nism through which OX operates in the remodel-
ing of the mandibular bone. This research aims to
take a crucial step toward preventing the loss of
cortical and trabecular bone during the PMP.

MATERIALS AND METHODS

Chemicals and animals

Unless stated otherwise, chemicals and kits
were sourced from Sigma-Aldrich (USA). In terms
of the animals used, thirty female albino Wistar
rats aged twenty months were employed. These
rats were individually housed and provided with
an ample supply of food and water, maintaining
a room temperature of 25°C. Following the pro-
tocol outlined by Marcondes et al. (2002), vaginal
secretions were examined daily for a period of
two weeks. Only rats displaying peri-estropause
phases were included in the present research
project. The study was conducted in accordance
with the Animal Research: Reporting of In Vivo
Experiments (ARRIVE) guidelines.

Experimental design

The animals were given a two-week period to
adapt, after which they were evenly distributed
into three groups. Control group (C-group) was
treated with normal saline (0.9% NaCl) (1 ml/ kg
bw / day), intraperitoneal injection (i.p.) only for
two days. Oxytocin group (OX-group) was treat-
ed with OX (200ug / Kg bw / day), i.p., only for
two days. Retosiban (GSK-221,149-A) group (RS-
group), received RS by oral gavage (5 mg / Kg bw /
day) for two days. After four weeks, animals were
euthanized by injecting sodium pentobarbital
i.p., then samples of blood were centrifuged for
20 minutes (10 x 1000 rpm). Plasma was gath-
ered for subsequent analysis. The mandibles
were dissected and divided in half using a large
pair of scissors. The right half was preserved
in saline at -20°C for additional investigations,
while the left half was immersed in formalin for
fixation.

Histopathological and immunohistochemistry
examinations

In accordance with protocol described by Tuck-
er et al. (2016), the mandibular neck was cut into
1cm3 cubes and fixed in 10% formalin (48 hours).
Tissue sections (5 um) were processed and
stained with hematoxylin and eosin (H&E) (Tuck-
er et al., 2016). Histopathologists unaware to the
aim of our study were consulted for examinations.
Non-overlapping fields were analyzed using the
software ImageJ 1.24.

Immunohistochemistry was done following
the protocol of Ervolino, et al. (2019). Diluted
1ry antibody were used [Goat anti-osterix (Osx)
(1:1000), rabbit anti-runt-related transcription
factor 2 (RUNX-2) (1:10000), rabbit anti- perios-
tin (PER) (1:10000), goat anti-osteopontin (OPN)
(1:100000), goat anti-osteocalcin (OCN) (1:200),
rabbit anti-sclerostin (SOST) (1:10000), rabbit
anti-bone morphogenetic protein (BMP) (1:200),
and goat anti-tartrate-resistant acid phospha-
tase (TRAP) (1:200)]. Secondary antibodies were
alkaline phophatase (Abcam, USA). Scoring was
done in accordance with Stringhetta-Garcia et al.
(2016) [Negative immunoreactivity (IR) = 0, mild
IR =1, moderate IR = 2 and sever IR = 3].



Bone tissue homogenate Western blotting (W.B.)

W.B. was used in order to estimate alkaline phos-
phatase (ALP) and TRAP in accordance with proto-
col described by Peres-Ueno et al. (2020). Briefly,
one hundred milligrams of bone tissue were ho-
mogenate using Argos Flexi-fuge microcentrifuge
(Stellar-scientific, USA) then centrifuged. Super-
natants were blotted into polyvinylidene fluoride
(PVDF) membranes (Merck, Germany) using Trans-
Blot’ electrophoretic transfer Cell (BioRad USA). 5%
milk solution was used to block PVDF membranes,
which were then incubated with the primary anti-
bodies [anti-alkaline phosphatase (ALP) antibody
(1:200) and anti-TRAP antibodies (1:400)] (Abcam,
UK) for 12 hours. Subsequently, blots were incubat-
ed with horseradish peroxidase (HRP) secondary
antibodies 1:5000 dilution (Abcam, UK) for 60 min.
at 25°C. Bands were imaged using iBright™ Imaging
Systems (Thermo-fisher, USA) and quantified were
analyzed using the software ImageJ 1.24.

Raman microspectroscopy (RMSS), microto-
mography (micro-CT) and Dual-energy X-ray
absorptiometry (DXA) examinations

Mineral composition of bone tissue was ana-
lyzed by chemical analysis technique (Raman
microspectroscopy) (CRAIC Technologies, USA)
following protocol described by Fernandes et al.
(2020). Using SkyScan (Bruker, UK), microtomog-
raphy examinations were performed (analysis
was done for 20 slices in mandibular neck) fol-
lowing protocol described by Stringhetta-Garcia
et al. (2017). Bone mineral density (BMD) was as-
sessed by Sunlight MiniOmni™ (Beam-med, USA).
The equipment was calibrated to small animals
following manufacturer protocol.

Biomechanical compression bending (BCB) ex-
aminations

EMIC DL3000 (Instron, Brazil) was used to eval-
uate of the biomechanical characteristics of the
mandible. The mandibular ramus was placed ver-
tically. Compression was applied to mandibular
head to evaluate bone stiffness.

Statistical analysis

Data analysis was performed using Statistical
Package for Social Sciences (SPSS) software, ver-

sion 20 (SPSS Inc., USA). To validate the statistical
significance of differences between groups, a one-
way analysis of variance (ANOVA) was conducted.
Post hoc Tukey-Kramer testing was employed for
comparing groups. The data were presented as
mean * standard deviation, and a probability value
was deemed significant if it was lower than 0.05.

RESULTS

Retosiban and oxytocin administration effect on
mandibular neck histopathological and immuno-
histochemical changes in peri-estropause rats

C-group and OX-group showed healthy tissue.
Compact bone was organized as parallel con-
densed lamellae with minimal thinning sur-
rounding a central trabecular bone area which
was formed of branching and anastomosing ir-
regular trabeculae rich in blood vessels. RS-group
showed reduction of the bone matrix with an ob-
vious thinning of compact bone in addition to per-
forations and disconnection of trabecular bone
trabeculae (Fig. 1 A-C).

A significant increase of compact bone tissue
area in addition to a non-significant change of
trabecular bone areas were noticed in OX-group
as compared to the control group, while RS-group
showed a significant decrease of both compact
and trabecular bone areas (by 27% and 50% re-
spectively) as compared to the control (Fig. 1D).

By examination of either compact (Fig. 2) or tra-
becular (Fig. 3) bone sections stained with anti-Osx,
anti-RUNX-2 (plays a cell proliferation regulatory
role in cell cycle entry and exit in osteoblasts), an-
ti-PER (member of the matricellular protein fami-
ly) and anti-BMP antibodies (plays important roles
in a wide array of processes during formation and
maintenance of bone); OX-group and RS-group
showed strong and negative reactions respectively,
while C-group showed weak reaction. In bone sec-
tions stained with anti-OPN, anti-OCN, anti-SOST
and anti-TRAP antibodies, OX-group and RS-group
showed weak and strong reactions respective-
ly, while C-group showed weak reaction. Statisti-
cal analysis showed that OX-group and RS-group
showed significant increase and decrease respec-
tively of Osx, RUNX-2, PER and BMP bone immuno-
reactivity compared to the control values. OX-group
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Fig. 1.- (A-C) Mandibular neck tissue stained with hematoxylin and eosin (X 1000), (n=20). Scale bars = 50 um. C-group (A) and OX-
group (B) showed normal bone histological architecture. Compact bone was organized as parallel condensed lamellae with minimal
thinning surrounding a central trabecular bone area which is formed of branching and anastomosing irregular trabeculae rich in
blood vessels. RS-group (C) showed reduction of the bone matrix with an obvious thinning of compact bone in addition to perfora-
tions and disconnection of trabecular bone trabeculae. (Note: Yellow arrow = compact bone, Blue arrow = trabecular bone, Black
arrow = disconnected trabeculae). (D) Represents % of compact and trabecular bone areas. * Significant (p < 0.05) difference in com-
parison to C-group. Data are expressed in mean + standard deviation and probability value is considered significant if <0.05, (n=20).

showed non-significant difference of OPN, OCN,
SOST and TRAP bone immunoreactivity. A signif-
icant increase of bone immunoreactivity was no-
ticed in RS-group compared to C-group (Fig. 4 A-B).

Retosiban and oxytocin administration effect
on mandibular bone turnover markers in peri-
estropause rats

A significant increase of ALP activity in addition
to a significant decrease of TRAP activity were re-
corded in OX-group as compared to the control
values. RS-group showed a significant decrease of
ALP activity in addition to a significant increase of
TRAP activity as compared to C-group (Fig. 5 A-C).

Retosiban and oxytocin administration effect on
mineral / matrix ratio in peri-estropause rats

OX-group presented a significant increase of
bone-mineral/matrix ratio in addition to a sig-

nificant drop of B-type carbonate as compared to
the control values. RS-group showed a significant
drop of both bone-mineral/matrix ratio and crys-
tallinity, in addition to a significant rise of B-type
carbonate values as compared to the control val-
ues (Fig. 6 A-C).

Retosiban and oxytocin administration effect
on cortical bone area and % of trabecular bone
volume in peri-estropause rats

OX-group presented a significant increase of the
area of cortical bone and % of trabecular bone vol-
ume with a significant drop of % of cortical poros-
ity and number of trabeculae as compared to con-
trol values. On the other hand, RS-group showed a
significant decrease of % of trabecular bone vol-
ume and cortical bone area in addition to a sig-
nificant rise % of cortical porosity as compared to
control values (Fig. 7 A-D).
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Fig. 2.- Mandibular neck compact bone stained immunohistochemically (X 1000), (n=20). Scale bars = 50 pm. By examination of
compact bone sections stained with anti-Osx, anti-RUNX-2, anti-PER and anti-BMP antibodies; OX-group and RS-group showed
strong and negative reactions respectively while C-group showed weak reaction. By examining compact bone sections stained with
anti-OPN, anti-OCN, anti-SOST and anti-TRAP antibodies; OX-group and RS-group showed weak and strong reactions respectively
while C-group showed weak reaction (Note: Immune-positive areas are labelled with blue arrows).
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Fig. 3.- Mandibular neck trabecular bone stained immunohistochemically (X 1000), (n=20). Scale bars = 50 um. By examination of
trabecular bone sections stained with anti-Osx, anti-RUNX-2, anti-PER and anti-BMP antibodies; OX-group and RS-group showed
strong and negative reactions respectively while C-group showed weak reaction. By examining of trabecular bone sections stained
with anti-OPN, anti-OCN, anti-SOST and anti-TRAP antibodies; OX-group and RS-group showed weak and strong reactions respec-
tively while C-group showed weak reaction (Note: Immune-positive areas are labelled with blue arrows).
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Fig. 4.- Effect of retosiban and oxytocin administration on mandibular neck compact (A) and trabecular (B) bone immunoreactivity
in peri-estropause rats. Statistical analysis showed that OX-group and RS-group showed significant (p < 0.05) increase and de-
crease (of Osx, RUNX-2, PER and BMP bone immunoreactivity) respectively as compared to C-group. OX-group showed non-signifi-
cant difference (of OPN, OCN, SOST and TRAP bone immunoreactivity) as compared to C-group, while RS-group showed significant
(p < 0.05) increase (of bone immunoreactivity) as compared to C-group. * Significant (p < 0.05) difference in comparison to C-group.
Data are expressed in mean * standard deviation and probability value is considered significant if <0.05, (n=20).

Fig. 5.- Effect of retosiban and oxytocin administration on mandibular bone APL (A) and TRAP (B) levels in peri-estropause
rats. OX-group showed a significant increase of ALP activity in addition to a significant decrease of TRAP activity as compared to
C-group. RS-group showed a significant decrease of ALP activity in addition to a significant increase of TRAP activity as compared
to C-group. (C) Represents Western blot images of markers expression. * Significant (p < 0.05) difference in comparison to C-group.
Data are expressed in mean + standard deviation and probability value is considered significant if <0.05, (n=20).
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Fig. 6.- Effect of retosiban and oxytocin administration on mineral / matrix ratio in peri-estropause rats. OX-group showed a signif-
icant (p < 0.05) increase of bone - mineral / matrix ratio (A) in addition to a significant (p < 0.05) decrease of B-type carbonate (B)
with non-significant change of crystallinity (C) as compared to C-group. On the other hand, RS-group showed a significant (p < 0.05)
decrease of both bone - mineral / matrix ratio and crystallinity in addition to a significant (p < 0.05) increase of B-type carbonate as
compared to C-group. * Significant (p < 0.05) difference in comparison to C-group. Data are expressed in mean + standard deviation
and probability value is considered significant if <0.05, (n=20).

Fig. 7.- Effect of retosiban and oxytocin administration on cortical bone area and % of trabecular bone volume in peri-estropause
rats. Microtomography results showed that; OX-group represents a significant (p < 0.05) increase of cortical bone area (A) and %
of trabecular bone volume (B) in addition to a significant (p < 0.05) decrease of % of cortical porosity (C) and number of trabeculae
(D) as compared to C-group. On the other hand, RS-group showed a significant (p < 0.05) decrease of cortical bone area and % of
trabecular bone volume in addition to a significant (p < 0.05) increase % of cortical porosity as compared to C-group. * Significant (p
< 0.05) difference in comparison to C-group. Data are expressed in mean + standard deviation and probability value is considered
significant if <0.05, (n=20).



Fig. 8.- Effect of retosiban and oxytocin administration on
BMD in peri-estropause rats. OX-group showed a significant (p
< 0.05) increase of BMD as compared to C-group. On the oth-
er hand, RS-group showed a significant (p < 0.05) decrease of
BMD as compared to C-group. * Significant (p < 0.05) differ-
ence in comparison to C-group. Data are expressed in mean +
standard deviation and probability value is considered signif-
icant if <0.05, (n=20).

Retosiban and oxytocin administration effect
on BMD in peri-estropause rats

OX and RS groups showed a significant rise and
drop of BMD respectively as compared to the con-
trol values (Fig. 8).

Retosiban and oxytocin administration effect on
mandibular bone stiffness in peri-estropause rats

EMIC DL3000 (Instron, Brazil) was used in or-
der to evaluate the biomechanical characteristics
of the mandible. OX-group showed a significant
rise of maximum load and stuffiness as compared
to control group. On the other hand, RS-group
showed a significant drop of same parameters as
compared to control group (Fig. 9).

DISCUSSION

Marongiu (1) linked the reduction in bone stiff-
ness during the peri-menopausal period (evi-
denced by an increased susceptibility to frac-
tures) to the fluctuations in sex hormone levels. In
addition to OX’s direct impact on bone, the con-
nection between OX and steroid sex hormones,
particularly estrogen, was elucidated by Colaian-
ni et al. (2011). They reported that OX’s influence
on bone in response to estrogen operates through
an autocrine loop, where OX is locally released
from bone marrow osteoblasts via a non-genomic,

Fig. 9.- Effect of retosiban and oxytocin administration on man-
dibular bone stiffness in peri-estropause rats. OX-group showed
a significant (p < 0.05) increase of maximum load and stiffness
as compared to C-group. On the other hand, RS-group showed a
significant (p < 0.05) decrease of same parameters as compared
to C-group. * Significant (p < 0.05) difference in comparison to
C-group. Data are expressed in mean + standard deviation and
probability value is considered significant if <0.05, (n=20).

Erk-dependent pathway. Furthermore, OX serves
as a mediator for estrogen’s effects on bone by
influencing the expression of oxytocin receptors
through genomic mechanisms. Di Benedetto et al.
(2014) outlined the mechanism by which OX op-
erates on its own receptors (OTR) in the skeletal
system, involving translocation to the nucleus of
osteoblasts. This translocation process is the pri-
mary mechanism responsible for osteoblast dif-
ferentiation.

The current study explored the impact of OX on
bone during the peri-estropause period. In the
OX-treated group, there was an observed increase
in ALP activity, which is an osteoblastic marker,
along with a significant decrease in TRAP activ-
ity, a marker associated with osteoclasts. These
findings align with the research by Naylor and
Eastell (2012). Conversely, the RS-group exhibit-
ed the opposite trend in these parameters. Colli
et al. (2012) noted that OX’s peripheral effects in
older rats were linked to substantial increases in
ALP and osteocalcin, suggesting enhanced osteo-
genesis coupled with reduced bone resorption ac-
tivity following OX administration. Furthermore,
Colaianni et al. (2014b) pointed out that oxytocin’s
influence on skeletal tissue is also mediated by its
impact on osteoclasts. This finding is consistent
with Nicola et al. (2016) research, which high-
lighted the altered activity of both osteoblasts and

Ahmed S. Ahmed et al.

347



Effect of oxytocin receptor antagonist on hone porosity in peri-menopausal rats

348

osteoclasts during the perimenopausal period.

In present results, OX-group showed a strong
immunohistochemical reaction of bone sections
indicating increased expression of Osx, RUNX-2.
These are osteogenesis markers indicating os-
teoblast differentiation as reported by Tamma et
al. (2009), in addition to PER and BMP proteins,
while RS-group showed negative reactions. This
comes in the same context as, Stringhetta-Garcia
et al. (2016) who noticed the ability of PER protein
to interact with collagen (type I), resulting in bet-
ter bone quality. Fernandes et al. (2020) reported
the role of PER in osteogenesis, mineralization
which results in better bone quality and thickness
reflected directly on bone strength. Kim et al.
(2015) reported the role of down-regulated PER
in bony fractures of postmenopausal women, in
addition to the peripheral role of OX in a greater
osteoblastic activity. Santos et al. (2018) reported
the in vitro effect of OX in activating bone marrow
derived mesenchymal stem to differentiate into
osteoblasts. In the same line, Tamma et al. (2009)
reported that OX induced osteoblast development
toward a mineralizing phenotype through in-
creasing of bone morphogenetic protein2 (Bmp-
2). On the other hand, they added that despite OX
stimulate osteoclastogenesis, it was found that OX
treatment can inhibits bone resorption of mature
osteoclasts.

Following the examination using Raman mi-
crospectroscopy, the OX-treated group exhibited
an increase in the mineral-to-matrix ratio, along
with a reduction in carbonate (B-type), aligning
with findings from other authors (Bi et al., 2011;
Khalid et al., 2018; Burr, 2019). Ge et al. (2019)
also reported that OX was observed to stimulate
mineral formation and the deposition of Ca2+.

In the current study, OX-group represented
an increase of cortical and trabecular bones in
addition to a decrease of % of cortical porosity
and number of trabeculae, which was reflected
as an increased bone stiffness as reported by Ka-
zakia et al. (2013). According to Vilayphiou et al.
(2016), it is commonly observed that aging leads
to heightened porosity and reduced strength in
bones. They also noted that evaluating cortical
porosity can serve as a predictive measure for
future fractures.

In conclusion, Oxytocin plays a crucial rolein en-
hancing bone density and mineralization in both
compact and trabecular bone by promoting osteo-
blast differentiation and regulating bone turnover
markers. Additionally, it contributes to improved
bone strength. These effects were negated by Re-
tosiban (GSK-221,149-A), suggesting that Oxyto-
cin’s anabolic impact on bone in peri-estropause
rats is most likely mediated through oxytocin re-
ceptor mechanisms rather than other pathways.
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SUMMARY

Macrodontia (or megadontia) is a rare dental
anomaly characterized by excessive enlargement
of all tooth structures, and in few cases may be
associated with morphological anomalies. The
goal of this study was to find out how common
macrodontia of the maxillary central incisors was
among Delta State University students in Abraka.
The Research and Ethical Committee of the De-
partment of Human Anatomy and Cell Biology,
Delta State University, Abraka, gave approval for
this study. A descriptive cross-sectional survey
with a representative sample of 102 subjects was
conducted (58 female and 44 male). The method
used was a simple random sampling technique.
The age and sex of each subject were obtained us-
ing a data form, and intra-oral measurements of
the mesio-distal width of the maxillary right cen-
tral incisors were taken. Results were arranged
according to age and sex to ascertain the occur-
rence of sexual dimorphism; independent sample
t test and chi-square test were used as inferential
statistical tools. The prevalence of macrodontia
was 35.3%; there was a significant sex difference,
as p value was <0.05; there was no significant dif-

ference within the age groups, as p-value was >
0.05. The mean mesio-distal width was 8.54+0.25
mm in those who did not have macrodontia and
9.63+0.54 mm in those who did have macrodon-
tia. Macrodontia of central incisors is dominant
amid Delta State University learners in Abraka.

Key words: Macrodontia — Incisors — Preva-
lence — Maxillary — Delta State — Nigeria

INTRODUCTION

Proliferation, condensation, adhesion, migra-
tion, differentiation, and secretion are all regu-
lated by reciprocal and sequential interactions
between epithelial and mesenchymal cells during
tooth development. These events result in the
development of a functional tooth organ (Shar-
ma et al., 2014). Tooth development, also known
as odontogenesis, is a complex process in which
tooth cells form, grow, and erupt into the mouth.

Macrodontia (also known as Megadontia) is a rare
dental condition (Dugmore, 2001; Rootkin-Gray and
Sheehy, 2001; Garib and Peck, 2006). This is the ex-
cessive enlargement of all tooth structures, which
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may be associated with morphological anomalies
in some cases (O’Sullivan, 2000; Dugmore, 2001;
Nemes and Albert, 2006). Such anomaly can be
categorized as follows: true generalized (large per-
centage of dentition), relative generalized (entire
dentition), and isolated macrodontia of single tooth
(Nemes and Albert, 2006; Dugmore, 2001). In addi-
tion, hormonal imbalances, such as pituitary gigan-
tism, can cause generalized macrodontia (Nemes
and Albert, 2006). Macrodontia of a single tooth is a
rare occurrence, but it has been reported frequently
in mandibular molars and premolars (Kumar et al.,
2009). The incisors, third molars, and second man-
dibular premolars may be affected. It is defined by
excessive growth of the mesiodistal and faciolingual
tooth dimensions, as well as an increase in the oc-
clusal crown area (Dugmore, 2001). Macrodontia
can also be seen in pairs. Macrodontia is mostly
found in incisors and canines, according to some
authors (Dugmore, 2001). The goal of this study was
to find out how common Macrodontia of the maxil-
lary central incisors was among Delta State Univer-
sity students in Abraka.

MATERIALS AND METHODS

Most of the subjects in this present study were
females (n=58, 57%), while a minority wasmales
(n=44, 43%) (Fig. 1). This observational cross-sec-

tional study was conducted in Delta State Universi-
ty, Abraka and included male and female students
of the Delta State University, in Abraka. One hun-
dred and two subjects (44 males and 58 females)
were used and the cluster sampling technique was
adopted. Information on age and sex was taken
from the students within the age of 17 to 31years
(Fig. 2) who gave their consent. The width of the
maxillary right central incisors was determined
intra-orally and recorded. The width of the max-
illary right central incisors was measured as the
greatest mesio-distal width between the contact
points of the teeth (maxillary right central and
lateral incisors). Each measurement was taken
twice, then averaged so as to minimize bias error.
All measurements were taken using a divider with
a fixing device which was placed on a centimeter
rule to take the readings. Proper precautions were
taken to ensure sterilization of the divider before
and after use with the aid of autoclave.

The anthropometric measurements that were
taken include:
+ Maxillary right central incisor width: me-
sio-distal width of the right maxillary central
incisor.

When the mesio-distal width of the crown of the
permanent central incisor is larger than 9 mm
then the term macrodontia is applicable.

Fig. 1.- Gender of respondents.



Fig. 2.- Age group of respondents.

Ethical clearance for this study was obtained
from the Research and Ethical Committee of the
Department of Human Anatomy and Cell Biology,
Delta State University, Abraka, before the research
was done. The subjects were told the nature and
objectives of the study and only those who gave
their consent were included in the study. The eth-
ical clearance letter is attached in the appendix.

With the help of Statistical Package for Social
Sciences (SPSS), version 22, the data were statis-
tically analyzed using frequency distribution for
descriptive statistics, with independent sample
t-test, and Chi-square test employed for inferen-
tial statistics. A statistically significant P- value of
less than 0.05 was used.

Table 1. Values of mesiodistal width found in the present study.

RESULTS

The results showed that the age range between
17 and 21years had a frequency of 23, with a per-
centage of 22.50%; the age range between 22 and
26 years had a frequency of 45, with a percentage
of 44.3%; the age range between 27 and 31 years
had a frequency of 34, with a percentage of 33.2%.
Hence the age range between 22 and 26 showed
the highest frequency.

The mean mesio-distal width for those not
observed with macrodontia was found to be
8.54+0.25 mm, while that for those observed with
macrodontia was 9.63+0.54 mm (Table 1).

VARIABLES N Mesiodistal width (mm) T-Test P-Value Inference
STUDY GROUP

Not observed 66 8.54+0.25 -
Observed 36 9.63+0 54 -13.37 0.001 Significant
GENDER

Male not observed 19 8.69+0.23 Lo
Female not observed 47 8.48+0.30 271 0.009 Significant
Male observed 24 9.76+0.56 Lo
Female observed 12 9.37+0.33 224 0.031 Significant
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Table 2. Presence and frequency of macrodontia in the present study.

Variables Frequency (%) Chi-Square P-value Inference
Presence of Macrodontia

Observed 36 (35.3) L

Not observed 66 (64.7) 8.82 0.003 Significant
Age group

17-21 6(16.7)

22-26 15 (41.7) 4.50 0.105 No significant
27-31 15 (41.7)

Presence of Macrodontia and Gender

Male 24 (23.5) .o
Female 12 (11.8) 24.92 0.001 Significant

The results also show that, amid the 102 sub-
jects, macrodontia was observed in 36 persons,
with a percentage of 35.3%, and was not observed
in 66 persons, with a percentage of 64.7%; p-val-
ue shows that there was significant gender dif-
ference. The prevalence within the age groups is
notable: the 17-to-21-year group was 6 (16.17%),
the 22-to-26-year group was 15 (41.7%), and the
27-to-31-year group was 15 (41.7%), with a p-val-
ue indicating that there was no significant differ-
ence. Findings also show the prevalence within
sex to be: 24 male (23.5%) and 12 female (11.8%);
p-value revealed that there was a significant dif-
ference between sex (Table 2).

DISCUSSION

This present study showed that macrodontia
was observed in 36 (35.3%) and was not observed
in 66 (64.7%) persons. It also showed that 23.5%
of males had macrodontia and 11.8% of females
had macrodontia. This study further showed that
there was a significant difference between sex
(P-value=0.001), but there was no significant dif-
ference between the age groups (p- value=0.105).
The mean values of the mesio-distal width were
8.54+0.25 mm for those not observed with mac-
rodontia, and 9.63+0.54 mm for those observed
with macrodontia.

Previous reports regarding macrodontia out-
comes revealed notable difference compared to
this current study. Vishnudev (2016) did research
on the prevalence and distribution of selected
developmental dental anomalies among patients
visiting K.S.R. institute of dental science and re-
search, and showed that out of 94,507 patients

sampled (46,337 males and 48,170 females), 23
males and 18 females, had macrodontia (0.04%).
P value indicated that the dental anomalies were
statistically independent of sex. A similar study
done by Supreetha and Sreelatha (2017) showed
presence of dentalanomaliesin 21 (53.85%) males
and 18 (46.15%) females, 5.71% with macrodon-
tia. Vishnudev (2016) did a study on the preva-
lence of developmental dental anomalies among
an adult population of Jazan, Saudi Arabia, and
the result was remarkably lower, as macrodontia
was noted in 0.6%. There was no significant sex
difference with respect to prevalence of dental
anomalies, as P value was > 0.05 (Almandey et al.,
2010). The differences in the various studies may
be due to ethnicity /race, sample size or sampling
technique.

The present examination demonstrated a high
dominance of macrodontia of the maxillary cen-
tral incisors among Delta State University stu-
dents, with a value of 35.3%. There was a notable
sex distinction in the occurrence of macrodon-
tia of the maxillary central incisors (p<0.05), but
there was no significant dissimilarity between the
age groups.
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SUMMARY

Medial sigmoid depression (MSD) is an anatomical
variation located just below the deepest point of the
sigmoid notch (SN). The etiology of MSD is unknown.
It has been reported that increased maximum bite
force affects the occurrence of MSD, and vertical
growth pattern affects SN morphology. The aim of
this study was to investigate the effects of these mal-
occlusions on the presence and morphology of MSD
and SN, since bite force can change with vertical
and sagittal growth patterns. This is the first study
to investigate the effects of vertical growth pattern
on the presence and morphology of MSD, and the ef-
fects of sagittal growth pattern on SN morphology.
Panoramic and lateral cephalometric radiographs
of a total of 634 (427 female, 207 male) patients
aged from 18 to 35 years (mean 19.58) were includ-
ed in this retrospective study. MSD and SN shapes,
SN depth and width were evaluated on panoramic
radiographs. Mann Whitney-U, Kruskal-Wallis and
Chi-square tests were used for data analysis.

Sagittal and vertical growth patterns were not
significantly associated with the presence and

shape of MSD (p>0.05). SN depth was greater in
individuals with class III malocclusion, and both
SN depth and width were lower in hyperdivergent
individuals. There was no significant relation-
ship between SN shapes and vertical and sagittal
growth patterns (p>0.05). SN depth is affected by
both vertical and sagittal growth pattern, and SN
width is affected only by vertical growth pattern.
The presence of MSD was not associated with
growth pattern.

Key words: Medial sigmoid depression — Sig-
moid notch — Vertical growth pattern — Skeletal
malocclusion — Panoramic radiography

INTRODUCTION

The sigmoid notch (SN) is a deep gap above the
mandibular ramus that separates the condyle and
the coronoid process (Tassoker et al., 2017). An-
terior to the deepest point of the sigmoid notch,
there is an anatomical variation known as medial
sigmoid depression (MSD) (Carvalho et al., 2001).
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Posterior and medial attachments of the temporal
muscle are inserted into this area (Ozkan and Ses-
siz Ak, 2021).

Although the exact etiology of MSD is unknown,
it has been stated that it may be a developmen-
tal or congenital variation (Ozkan and Sessiz Ak,
2021).In addition, there are various studies show-
ing that the presence of MSD is associated with
dental and skeletal sagittal malocclusions (Car-
valho et al., 2001; Dalili and Mohtavipour, 2003;
Sudhakar et al., 2014).

In one study, greater occurrence of MSD was re-
ported in association with increased maximum
bite force (Adisen et al.,, 2018). Since the MSD
region is an attachment site for some temporal
muscle fibers, a number of studies suggested that
the presence of MSD may also be correlated with
temporal muscle activity (Adisen et al., 2018; Sto-
rey, 1975). EMG (electromyography) studies have
demonstrated that temporal muscle activity was
lower in hyperdivergent patients and higher in
hypodivergent patients compared to normodiver-
gent subjects (Garcia-Morales et al., 2003; Ueda
et al., 1998). The sigmoid notch (SN) allows for
the passage of the masseteric nerve and artery,
which innervates and supplies nutrients to the
masseter muscle, respectively (Ishwarkumar et
al., 2019). To the best of our knowledge, there is
only one study which investigated the relation-
ship between SN morphology and vertical growth
pattern, showing that hyperdivergent individuals
have a more concave SN than normodivergent in-
dividuals (Ferrario et al., 1999). No study has been
identified in the literature on the relationship be-
tween sagittal growth pattern and SN morphology
and the association of vertical growth pattern with
the presence and morphology of MSD.

Therefore, the aim of this study was to evaluate
the relationship of MSD and SN with the vertical
and sagittal growth patterns of the face.

MATERIALS AND METHODS

This retrospective study was approved by Si-
vas Cumhuriyet University Ethics Committee
for Non-Invasive Studies (14.04.2021, No. 2021-
04/49). All procedures followed were in accor-
dance with the ethical standards of the respon-

sible committee on human experimentation
(institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008. Due to
the retrospective nature of this study, a signed in-
formed consent was not required.

For this study, lateral cephalometric and pan-
oramic radiographs taken before orthodontic
treatment at Sivas Cumhuriyet University Faculty
of Dentistry between January 2018 and January
2021 were used. A total of 634 radiographs were
included in the study. The exclusion criteria were
the presence of artifacts, positioning errors, cysts,
any pathology involving the area of interest and
patients with prior orthodontic treatment.

The Orthopantomograph OP200D (Instrumen-
tarium Dental, Tuusula, Finland) device was used
to obtain the panoramic radiographs. The radio-
graphs were taken at 66 kVp, 10 mA dose values
and in P1 mode, including the temporomandibu-
lar joint. Lateral cephalometric radiographs were
taken using Ortoceph OC200D (Instrumentarium
Dental, Tuusula, Finland) device at dose parame-
ters of 85 kVp and 13 mA.

Images were reviewed on a 8 GB RAM comput-
er with a 23.6-inch Full HD IPS LED screen, Intel
i5 processor, Windows 7 operating system and
Cliniview 10.1 software in a semi-lit and quiet
room. Measurements and examinations on all
radiographs were examined by a researcher with
4 years of experience. Intra-observer agreement
was assessed by evaluating 158 (25%) randomly
selected radiographs two weeks apart.

ANB and SN-GoGn angles were used to deter-
mine sagittal and vertical skeletal patterns on
cephalometric radiographs. Sagittal relationships
of the jaws were classified as Class I (0°<ANB<4°),
Class II (ANB>4°) and Class III (0°<ANB). The ver-
tical growth pattern was classified as hypodiver-
gent (SN-GoGn<28°), normodivergent (28°<SN-
GoGn<36° and hyperdivergent (SN-GoGn>36°)
(Schudy, 1965). MSD location was evaluated
separately for the right and left ramus, and MSD
shapes were classified as semilunar, teardrop, cir-
cular, and triangular, as described by Carvalho et
al. (2001) (Fig. 1).

SN width (SNW) and SN depth (SND) measure-
ments were made on panoramic radiographs as



Fig. 1.- MSD Shapes. A: Semilunar, B: Circular, C: Teardrop, D: Triangular.

millimeters (mm). SNW was considered as the
distance between the highest points of the condyle
and coronoid process. SND was measured as the
length of the perpendicular line drawn from the
SN width line to the deepest point of SN (Fig. 2).

Fig. 2.- Measurement of SN depth (SND) and SN width (SNW).

SN morphology was classified as round, wide
and sloping, as reported by Shakya et al. (2013)
(Fig. 3).

Statistical analysis

The study data were analyzed using SPSS soft-
ware package, version 22.0 (IBM Corp., Armonk,
NY, USA). Chi-square test was used for categori-
cal variables and Kruskal-Wallis test for numeri-
cal data. Pairwise comparisons were made using
Dunn’s test. Mann-Whitney U test was used to ex-
amine the distribution of measurements by sex.
Intra-observer agreement was assessed using
Kappa statistics and Intra-class Correlation Coef-
ficient. A p value lower than 0.05 was considered
statistically significant.

RESULTS

The mean age of 634 patients included in the
study was 19.58 + 3.58 years (mean * SD). 427
(67.4%) individuals were female and 207 (32.6%)
were male. Intra-observer agreement was found
to be excellent (0.852-0.988) for categorical and
numerical variables.
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Fig. 3.- SN shapes. A: Sloping, B: Wide, C: Round.

When the vertical growth pattern was examined
on cephalometric radiographs, hypodivergent
growth pattern was observed in 142 (22.4%) in-
dividuals, normodivergent growth pattern in 251
(39.6%) individuals and hyperdivergent growth
pattern in 241 (38%) individuals (Table 1). With
regard to sagittal growth pattern, class-I rela-
tionship was observed in 298 (47%) individuals,
class-II relationship in 238 (37.5%) individuals
and class-III relationship in 98 (15.5%) individu-
als.

MSD was detected in 138/634 (21.8%) radio-
graphs included in the study. The presence of

MSD was not significantly associated with sex and
sagittal/vertical growth patterns (p>0.05) (Table
1). With respect to MSD location, unilateral loca-
tion was more common, and sex x and sagittal/
vertical growth pattern did not show an effect on
unilateral and bilateral location (p>0.05) (Table 1).

Among four MSD shapes (semilunar, triangu-
lar, circular and teardrop), semilunar shape was
the most common (46.3%), followed by triangular
(29.2%), circular (13.6%) and teardrop (10.7%)
shapes, respectively (Table 2). MSD shape was not
significantly associated with sex and sagittal/ver-
tical growth pattern (p>0.05) (Table 2).

Table 1. MSD presence and location by sex and sagittal/vertical growth pattern

Present Unilateral Right Unilateral Left Bilateral P

Male (n=207) 37 (17.9%) 9 (4.3%) 12 (5.8%) 16 (7.7%) 0.121
Female (n=427) 101 (%23.7) 32 (7.5%) 18 (4.2%) 51 (11.9%)
Hypodivergent (n=142) 32 (22.5%) 10 (7%) 10 (7%) 12 (8.5%) 0.651
Normodivergent (n=251) 51 (20.3%) 17 (6.8%) 9 (3.6%) 25 (10%)
Hyperdivergent (n=241) 55 (22.8%) 14 (5.8%) 11 (4.6%) 30 (12.4%)

Class I (n=298) 58 (19.5%) 17 (5.7%) 14 (4.7%) 27 (9.1%) 0.741
Class II (n=238) 60 (25.2) 17 (7.1%) 13 (5.5%) 30 (12.6%)

Class III (n=98) 20 (20.4%) 7 (7.1%) 3(3.%1) 10 (10.2%)

Total (n=634) 138 (21.8%) 41 (6.5%) 30 (4.7%) 67 (10.6%)

Chi-square test
*Statistically significant if p<0.05
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Table 2. Distribution of MSD shapes by sex and sagittal/vertical growth pattern

Semilunar Triangular Circular Teardrop P

Right 17 (68%) 4 (16%) 1 (4%) 3 (12%) 0.071
Male (n=207)

Left 14 (50%) 5(17.9%) 6 (21.4%) 3(10.7%) 0.355

Right 37 (44.6%) 29 (34.9%) 12 (14.5%) 5 (6%) 0.071
Female (n=427)

Left 27 (39.1%) 22 (31.9%) 9 (13%) 11 (15.9%) 0.355

Right 14 (63.6%) 5(22.7%) 2(9.1%) 1(4.5%) 0.863
Hypodivergent (n=142)

Left 9 (40.9%) 7 (31.8%) 3(13.6%) 3(13.6%) 0.791

Right 19 (45.2%) 15 (35.7%) 5(11.9%) 3(7.1%) 0.863
Normodivergent (n=251)

Left 14 (41.2%) 8(23.5%) 8(23.5%) 4(11.8%) 0.791

Right 21 (47.7%) 13 (29.5%) 6 (13.6%) 4(9.1%) 0.863
Hyperdivergent (n=241)

Left 18 (43.9%) 12 (29.3%) 4(9.8%) 7 (17.1%) 0.791

Right 21 (47.7%) 15 (34.1%) 5(11.4%) 3(6.8%) 0.924
Class I (n=298)

Left 18 (43.9%) 12 (29.3%) 2 (4.9%) 9 (22%) 0.152

Right 26 (55.3%) 12 (25.5%) 5(10.6%) 4 (8.5%) 0.924
Class II (n=238)

Left 17 (39.5%) 13 (30.2%) 10 (23.3%) 3 (7%) 0.152

Right 7 (41.2%) 6 (35.3%) 3(17.6%) 1(5.9%) 0.924
Class III (n=98)

Left 6 (46.2%) 2 (15.4%) 3(23.1%) 2 (15.4%) 0.152
Total (n=1264) 95 (46.3%) 60 (29.2%) 28 (13.6%) 22 (10.7%)

Chi-square test.
*Statistically significant if p<0.05

SND and SNW were significantly associated
with vertical growth pattern on both right and left
sides (p<0.05). Right and left SND were greatest in
hypodivergent individuals, followed by normodi-
vergent and hyperdivergent individuals, respec-
tively (p<0.05).

When SNW measurements were compared, it
was seen that hyperdivergent individuals had
shorter SNW than hypodivergent individuals
(p<0.05) (Table 3).

There was a significant relationship between
sagittal growth pattern and SND (p<0.05), and
class-III individuals had deeper SN than class-II
individuals (p<0.05). No significant association
was found between sagittal growth pattern and
SNW (p>0.05) (Table 3). When the morphometric
measurements (SND and SNW) were compared
between the sexes, males showed higher values
for all parameters (p<0.05) (Table 3).

There was no statistically significant difference
among SN shapes in terms of vertical and sagit-
tal growth patterns (p>0.05). SN morphology was
round in 64.2%, widein19.8% and slopingin 16%
of the individuals. Round type was more common

in males (69.1%) and wide type was more com-
mon in females (22.3%), and this difference was
significant for right SN (p<0.05) (Table 4).

DISCUSSION

Studies conducted in different populations re-
ported a widely variable prevalence of MSD, rang-
ing from 5% to 70% (Carvalho et al., 2001; Divya
and Mahima, 2006; Honing, 1991; Ozkan and Ses-
siz-Ak, 2021). Previous studies have shown that
the presence of MSD is much higher on dry hu-
man mandibles than on panoramic radiographs
(Byung-Cheol, 1991; Carvalho et al., 2001; Divya
and Mahima, 2006; Langlais et al., 1983). While
Langlais et al. (1983) explained this finding by the
fact that the MSD region may not always be imaged
due to focal trough of the panoramic radiography
device, Carvalho et al. (2001) argued that the dif-
ference in anatomical, and radiographic exam-
inations may be due to the inability to adequately
visualize the relatively shallow depressions rath-
er than the image layer. However, it has also been
suggested that this may be caused by superposi-
tion of anatomical structures such as the lateral
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Table 3. Morphometric parameters by sex and sagittal and vertical growth patterns

SN Depth (SND) SN Width (SNW)
Right Left Right Left

Male 13.03+1.98 13.54+2.40 28.85+3.20 28.77+4.30
Female 12.53+1.94 12.64+1.87 27.98+3.24 27.68+3.33
p# <0.001* <0.001* 0.004* <0.001*
Hypodivergent 13.48+1.73 13.40+1.76 28.87+3.03 28.61+4.03
Normodivergent 12.84+1.84 13.03+2.05 28.72+3.17 28.24+3.59
Hyperdivergent 12.33+2.13 12.54+2.25 27.41+3.30 27.49+3.57
p§ <0.001* <0.001* <0.001* 0.008*
Class I 12.912.16 13.002.10 28.34 3.44 28.133.54
Class II 12.471.61 12.632.14 28.322.93 27.883.63
Class Il 13.162.13 13.421.86 27.86 3.38 28.134.32
p§ 0.003* <0.001* 0.229 0.830

# Mann-Whitney U test
§ Kruskal-Wallis Test
* Statistically significant if p<0.05

pterygoid plate, air space of the nasopharynx or
soft palate (Byung-Cheol, 1991). Although the use
of panoramic radiography allows a larger sample
size to be studied, it may have led to underestima-
tion of the MSD prevalence in the current study as
well. However, since this will affect all groups sim-

Table 4. SN shapes by sex and sagittal/vertical growth pattern

Round

Right 148 (71.5%)
Male (n=207)

Left 138 (66.7%)

Right 262 (61.4%)
Female (n=427)

Left 265 (62.1%)

Right 93 (65.5%)
Hypodivergent (n=142)

Left 93 (65.5%)

Right 157 (62.5%)
Normodivergent (n=251)

Left 158 (62.9%)
Hyperdivergent Right 160 (66.4%)
(n=241) Left 152 (63.1%)

Right 189 (63.4%)
Class I (n=298)

Left 183 (61.4%)

Right 151 (63.4%)
Class II (n=238)

Left 154 (64.7%)

Right 70 (71.4%)
Class III (n=98)

Left 66 (67.3%)

Total (n=1268) 813 (64.1%)

Chi-square Test
*Statistically significant if p<0.05

ilarly in terms of vertical (hyperdivergent, nor-
modivergent, hypodivergent) and sagittal growth
patterns (classes I, II, II), it is believed that its ef-
fect on the results would be minimal. The use of
CBCT in future studies would provide more valid
results in terms of true MSD prevalence.

Sloping Wide P

32 (15.5%) 27 (13%) 0.008*
35(16.5%) 34 (16.4%) 0.340
65 (15.2%) 100 (23.4%) 0.008*
71 (16.7%) 91 (21.3%) 0.340
21 (14.8%) 28 (19.7%) 0.646
25 (17.6%) 24 (16.9%) 0.819
45 (17.9%) 49 (19.5%) 0.646
44 (17.5%) 49 (19.5%) 0.819
31 (12.9%) 50 (20.7%) 0.646
37 (15.4%) 52 (21.6%) 0.819
47 (15.8%) 62 (20.8%) 0.580
53 (17.8%) 62 (20.8%) 0.657
36 (15.1%) 51 (21.4%) 0.580
41 (17.2%) 43 (18.1%) 0.657
14 (14.3%) 14 (14.3%) 0.580
12 (12.2%) 20 (20.4%) 0.657

203 (16%) 252 (19.9%)



In a study by Ozkan and Sessiz-Ak (2021) on
1000 panoramic radiographs from a representa-
tive Turkish population, the prevalence of MSD
was reported at 23.4%, with a significant increase
in the prevalence with age (p<0.05). In the present
study, the prevalence of MSD was 21.8%, which is
similar to that reported by Ozkan and Sessiz-Ak
(2021). The large differences among populations
with regard to the presence of MSD suggest that
genetic factors may also be involved. In this study,
the age range was narrow, precluding the ability to
examine the relationship between MSD and age.

The association between temporal muscle activ-
ity and the vertical growth pattern of the face has
been reported in the literature, with EMG studies
showing reductions in temporal muscle activity
and maximum bite force in hyperdivergent indi-
viduals, and increases thereof in hypodivergent
individuals (Garcia-Morales et al., 2003; Ueda
et al., 1998). It has also been stated that muscle
activity may affect the presence and shape of the
MSD, due to the attachment of some of the tem-
poral muscle fibers to the MSD area (Adisen et al.,
2018; Al-Sadhan, 2021; Storey, 1975). The afore-
mentioned results led to the question as to wheth-
er MSD occurs more commonly in hypodivergent
patients with greater temporal muscle activity.

The present study attempted to find an answer
to this question and no significant association was
found between the vertical growth of the face and
the presence of MSD. This suggests that, contrary
to what is expected, temporal muscle activity may
not strongly affect the shape of MSD. However, the
significant increase in the prevalence of MSD in
individuals with high maximum bite force (Adisen
et al., 2018) suggests that environmental factors
and masticatory forces may also be involved in
the occurrence of MSD.

Very few studies in the literature evaluated the
relationship between the presence of MSD and
sagittal skeletal and dental malocclusions and
yielded differential results (Carvalho et al., 2001;
Dalili and Mohtavipour, 2003; Sudhakar et al.,
2014; Adisen et al., 2018) In only one study, the
prevalence of MSD was found to be higher in in-
dividuals with class II malocclusion, which is re-
lated to the sagittal growth pattern (p<0.05) (Car-
valho et al., 2001), with no significant associations

found in other studies (Dalili and Mohtavipour,
2003; Sudhakar et al., 2014; Adisen et al., 2018).
However, in the current study, the presence of
MSD was more common in individuals with skele-
tal class-II malocclusion (p>0.05), albeit non-sig-
nificantly. In addition, the presence of MSD was
not be associated with vertical malocclusion and
sex, and a comparison could not be made because
this is the first study to investigate this relation-
ship. In the presence of MSD, this should be taken
into consideration before orthognathic surgery,
because since the bone structure in this region is
very thin, there is an increased risk of complica-
tions, and the fixation of the fracture line cannot
be achieved.

Carvalho et al. (2001) reported that the most
common MSD morphology is the triangular shape.
Contrastingly, separate studies have reported that
the most common form of MSD is the semilunar
type (Dalili and Mohtavipour, 2003; Divya and Ma-
hima, 2006; Sudhakar et al., 2014; Adisen et al.,
2018). Sudhakar et al. (2014) reported that there
was no significant relationship between MSD
shapes and sagittal growth pattern in their study
on 300 panoramic radiographs. In line with for-
mer studies, the most common MSD morphology
was semilunar type in the present study, with no
significant association of MSD shapes with sex,
and vertical and sagittal growth patterns.

To the best of our knowledge, there is only one
study that investigated the relationship between
SN morphology and vertical growth pattern. In
their morphological study using Fourier analysis
on lateral cephalometric radiographs of 45 girls,
Ferrario et al. (1999) reported that more concave
SN was observed in hyperdivergent individuals. In
contrast, SN shapes did not differ significantly in
relation to vertical growth pattern in the current
study (p>0.05). On the other hand, as shown by
SND and SNW measurements, sigmoid notches
were significantly shallower and narrower in hy-
perdivergent individuals and significantly deeper
and wider in hypodivergent individuals, which are
consistent with the findings reported by Ferrario
et al. (1999). Additionally, it was observed that
the morphometric properties of SN are affected
by the vertical growth pattern to a greater extent
compared to its morphological features.
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In the present study, no association was found
between the SN morphology and the sagittal
growth pattern, and a comparison could not be
made due to lack of similar studies. However, SND
was greater in individuals with class III malocclu-
sion (p<0.05). This may be due to the increased
condyle height in class III individuals as demon-
strated by various studies (Hasebe et al., 2019;
Noh et al., 2021).

In their study on 149 panoramic radiographs
and 51 dry mandibles from the South African and
Indian populations, Ishwarkumar et al. (2019) re-
ported that the width of SN was greater in males
(p<0.05). In a study from Saudi Arabia on 240
panoramic radiographs, males (14.01 mm) were
found to have a deeper sigmoid notch than fe-
males (13.75 mm) (p<0.05) (Al-Gunaid, 2020).
Likewise, in the current study, SND and SNW were
found to be significantly higher in males (p<0.05),
and to the best of our knowledge, this is the first
study to report the dimensions of SN in the Turk-
ish population.

CONCLUSION

In conclusion, SN depth is affected by both ver-
tical and sagittal growth patterns, and SN width is
affected only by vertical growth pattern. The pres-
ence of MSD was not found to be associated with
growth pattern. Further studies in which the rela-
tionship of MSD with vertical and sagittal growth
patterns is investigated in a wider range of age
groups and muscle activities are evaluated using
EMG would provide valuable findings.
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SUMMARY

The complex phenomenon of renal development
involves several signaling molecules. Any alter-
ation in the developmental process could largely
influence the organogenesis, thus predisposing
to several adulthood diseases. Leptin is a pleio-
tropic gene secreted by adipose cells. However,
the purview of its actions is much beyond merely
the extent of human adipose reserve. It regulates
several cellular mechanisms such as cell prolif-
eration, inflammation, vasculogenesis, and the
production of collagen fibres. Further leptins are
thought to play a putative role in embryogenesis
and tumorigenesis. The aim of thIS study was to
investigate the localization of the protein in fetal
and cancer kidney in an attempt to understand
the role of the protein in fetal kidney development
and in renal cancer.

Leptin expression was evaluated by subjecting
tissue sections from paraffin-embedded blocks of
renal tissues (fetal, adult and cancer) to immuno-
histochemistry staining. The tissues were scored
based on the staining pattern and percentage of

immunoreactive cells. The tissues were subjected
to haematoxylin and eosin stain before perform-
ing immunohistochemistry. The images were an-
alyzed and photographed. Mild staining for leptin
was observed in the tubules of fetal and adult kid-
neys. Mild to moderate staining was seen in mem-
branes of renal cell carcinoma tissues. It appears
such that leptin may not be a key factor or rather
a temporary factor in the developmental process
of the kidney. The low levels of leptin in normal
adult renal tissues may be physiologically signifi-
cant. The role of leptin in the renal cell carcinoma
progression is sceptible.

Keywords: Leptin — Renal cell carcinoma — Kid-
ney — Nephrogenesis — Immunohistochemistry

INTRODUCTION

Leptin, al6kDa hormone is produced in the in-
trauterine life. Its varying concentration in the
systemic tissues has been identified in the foetal
and neonatal life in mice (Reynolds and Vickers,
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2019) Physiologically the hormone is greatly as-
sociated with appetite and body mass index. How-
ever, the purview of its actions is much beyond
merely the extent of human adipose reserve. It is
thought to be involved in the biological processes
of cell proliferation, angiogenesis, and reproduc-
tion. Leptin plays a role in implantation and is
also produced by the trophoblastic cells indicat-
ed by its presence in the placenta, amniotic fluid,
and umbilical cord (Biesianda et al., 2016).

Though leptin is primarily secreted by the ad-
ipocytes of white adipose tissue, its localization
and function in other gestational tissues still need
to be elucidated (Lappas et al., 2005). Leptin re-
ceptors have been localized in the central nervous
tissue, lung tissue, and several other peripheral
tissues (Prince et al., 2007). The definitive hu-
man kidney begins its development in the fifth
week of gestational life. It is formed by an inter-
action between the metanephric blastema cells
and a diverticulum of the mesonephric duct, the
ureteric bud®. Several genes have been identified
by experimental studies on cell lines and animal
models, which are responsible for the cascade of
events during nephrogenesis. Any mutations in
the signaling molecules or disruptions in the epi-
genetic pathway could largely dispose the adult
kidney to diseases such as cancer (Patel and
Dressler, 2013). Our previous work on foetal renal
tissues has highlighted certain less-known genes
in nephrogenesis and renal cancer (Sadashiv et
al., 2019).

Owing to the different cell types in the human
kidney, the current study aimed to localize the ex-
pression status of leptin in foetal, adult, and can-
cer kidneys to check if leptin may have a role in
kidney development and cancer.

MATERIALS AND METHODS

Representative samples of autopsied foetal kid-
ney n=30, adult kidney (cadaveric) n=30, and renal
cell carcinoma (biopsy tissues) n=30, consisted of
paraffin-embedded tissue blocks collected from
the Department of Pathology after approval from
the institutional review board. Prior to performing
immunohistochemistry, the tissues were subject-
ed to conventional H&E staining. The histogenesis
of developing foetal kidneys at different gestational

ages and the diagnostic confirmation of the renal
cancer tissues were done by clinical pathologists.

Four um thick sections were taken on positively
charged slides. Overnight incubation at 37°C and
deparaffinization with repeated washes of xy-
lene (10 mins each) was followed by rehydration
of tissues with graded alcohol. The slides were
then washed with running water (10 mins) and
distilled water (5 mins), following which antigen
retrieval with citrate buffer at 95°C was done and
cooled at room temperature.

Peroxidase block was carried out for 10-15 mins
and washed in phosphate buffer solution (PBS) for
5 mins and incubated with primary antibody (an-
ti-leptin rabbit polyclonal antibody (in 1: 250 dilu-
tions with reagent —antibody diluents as per man-
ufacturer’s instructions, {Wuhan Fine Biotech Co.
Ltd, Wuhan, China} for 45 min. Subsequently, tis-
sues were incubated with poly excel target binder
for 15 to 20 mins and washed with PBS for 5 mins.
Incubation was done with H.R.P for 15 to 20 mins,
washed with PBS for 5 mins, and developed with
DAB (diaminobenzidine) chromogen for 5-8 mins.
Sections were counterstained with haematoxylin
after washing with running water. Every staining
run contained a slide treated with tris buffer in
place of the leptin antibody as a negative control.
Sections of benign breast lesion with ductal epi-
thelial cells displaying cytoplasmic positivity was
used as positive controls.

Immunoreactivity score (IRS)-classification
scoring systems were used as shown in Table 1
(Fuhrman et al., 1982). For statistical purposes,
the results of IRS scores were divided as follows:
Negative, mild staining = negative expression of
leptin
Moderate, strong staining = positive expression of
leptin

Table 1. Leptin expression in PCT cells and RCC.

Group 0 +1 +2 +3  P-value
?ri:;lol){idney 27 3 _ _
éld:‘;lg)mdney 0 22 8 — <0.0001
Ef':cg 0 0 10 15 5

IHC scoring for leptin antibody (0=Absent, +1=Mild, +2=
Moderate, +3=Strong)



RESULTS

Expression of leptin in fetal renal tissues: as de-
picted in Fig. 1a and 1b, the histological sections
of fetal kidney at early gestational ages showed
cortex with precursors of mature glomeruli such
as the renal vesicle (rv), comma, S-shaped bodies
in the nephrogenic zone, and branching ureteric
bud (ub). The deeper cortex demonstrated sec-
tions of developing proximal convoluted tubules
(PCT), distal convoluted tubules (DCT), and thick
ascending limbs of loops of Henle (LOH) (Fig. 2a,
2b). The medulla presented with developing col-
lecting duct and blood vessels. Beyond 36 weeks
of gestation, definitive glomeruli, and mature
forms of the renal tubules could be demonstrated.
Immunohistochemistry staining with anti-leptin
antibody showed mild staining (+1) n=3 to the ab-
sence of immunoreactive cells in the PCTs’ of fetal
kidney from 14 weeks to beyond 36 weeks of ges-
tation (p=<0.0001) (Fig. 2¢, 2d). However, all the
other cellular components of the kidneys from 14
weeks to 39 weeks were immunonegative (Figs.
1b, 2¢, 2d).

Expression of leptin in adult renal tissue: adult
PCT were identified by the presence of highly eo-
sinophilic brush-bordered cuboidal epithelial

cells with small lumens as shown in Figure 3a and
3b as stained with hematoxylin and eosin stain.
The adult renal kidney showed mild immunopos-
itivity in the cytoplasm of proximal convoluted
tubules (+1) n=22 (Fig. 3c, 3d). The cells of the
glomeruli (mesangial, podocytes, and endothelial
cells), juxta glomerular apparatus, distal convo-
luted tubules, and loop of Henle cells were found
to be immunonegative to leptin antibodies.

Expression of leptin in renal cell cancer tissue:
The H and E stain showed various grades of con-
ventional renal cell carcinoma. (Fig. 4a, 4b, 4c).
The tissues were graded according to Fuhrman
et al (Fuhrman et al., 1982). The conventional
renal carcinoma tissues of clear cells and papil-
lary variants showed mild to moderate cytosolic
and membranous expression of leptin (+2) (n=
15), p=<0.0001) as demonstrated in Figs. 4d,
de, 4f, 4g, 4h and 4i. Strong expression of leptin
was found in fewer tissues of grade 3 renal cell
carcinomatous tissues (n=>5) (Fig. 4i). The prox-
imal convoluted tubules in the normal renal
cortical area adjacent to the carcinomatous tis-
sue showed moderate staining for leptin (+2) as
shown in Fig. 4d. The summary of the results is
shown in Table 1.

Fig. 1.- a) and b) show the nephrogenic zone in fetal kidney. rv, renal vesicle., ub, ureteric bud. Fig. 1b demonstrates the absence of

leptin in the nephrogenic zone. Scale bars = 50 pm.
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Fig. 2.- a) and b) demonstrate H&E sections of the fetal kidney showing the nephrogenic zone, PCT, DCT, and glomerulus (G). ¢) and
d) demonstrate immunonegative expression of leptin in renal components. Scale bars: a, ¢ = 200 um; b, d = 50 pm.

Fig. 3.- a) and b) show H&E sections of the adult kidney. ¢) and d) showing immunopositive expression of leptin in the PCTs. Scale
bars: a,c =200 um; b, d = 50 um.
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Fig. 4.- a), b) and c¢) show H&E sections of various grades of conventional renal cell carcinoma. d), e), f), g), h) and i) show increased
expression of leptin in RCC tissues. Scale bars: a-f = 200 pm; g-i = 50 pm.

DISCUSSION

Studies on experimental animal models have re-
vealed the potential benefit of reversing post-na-
tal consequences by manipulating the leptin sig-
nalling pathways during early life stages. A study
on maternal LP (low protein) rat models showed
the effect of leptin administration enhanced the
growth of the foetal pancreas. Similar results
showed the growth of tissues such as kidneys,
spleen, liver, and ovaries in the leptin-treated pig-
lets with intra-uterine growth reduction. Though
its expression has been demonstrated in the foe-
tal tissues and foetal membranes its role still re-
mains unclear (Reynolds and Vickers, 2019).

Leptin is thought to be produced by the placenta
and secreted into the foetal and maternal circu-
lation. Foetal leptin is also secreted by foetal ad-
ipose tissue and the foetal vascular endothelium
(Tsai et al., 2015). The effect of leptin is largely
through its transmembrane receptors having six
spliced isoforms (OB-Ra-f). The positive expres-
sion of leptin in the PCT of human adult kidneys,
as in the case of the current study, indicated its

possible biological role in adult renal tissue. This
could be attributed to the presence of the long
form of the leptin receptor (OB-Rb) and short iso-
form OB-Raw with adequate signaling properties
within the renal tissues, as stated by earlier stud-
ies. The OB-Rb is essential for intracellular signal
transduction however the precise effect of the OB-
Rb still remains to be explored (Ja Young Seol et
al., 2007; Hoggard et al., 1997).

Contrarily, previous studies also show that with
the exception of murine foetal brain and lung tis-
sues, OB-Rb expression was not demonstrated in
other tissues such as the liver, kidney, and adrenal
gland even in their primitive forms (Hoggard et
al., 1997). Thus, reflecting various roles of leptin
in adult tissues that are redundant in the foetus.

A study conducted on leptin and various re-
ceptors in different segments of the nephron re-
vealed the expression of leptin primarily in the
PCT. The other components included the DCT, the
loop of Henle, and the collecting duct (Hamma et
al., 2004). A former study on rat models showed
the PCT cells’ uptake, internalization, and deg-

Priyanka Parmesh et al.

369



Leptin in human kidneys

370

radation of 125I-leptin. The leptin is thought to
be filtered by the glomeruli before metabolic deg-
radation in the tubules. The study indicated the
presence of megalin, a member of the low-den-
sity lipoprotein family at the apical membranes
of PCT cells. The Megalin receptors bind to leptin
in a Ca2+-dependent manner and tend to reab-
sorb, metabolize its ligand into endocytic com-
partments before recycling to the cell surface and
thus help in leptin clearance. However, other tu-
bular compartments or glomerular cells did not
show the uptake of leptin (Hamma et al., 2004).

Leptin is known to be associated with tumorge-
nicity in several carcinomas. Leptin is bound to its
Ob-RB receptor and is known to undergo a con-
formational change. This allows the activation of
the Janus tyrosine kinase 2 (JAK2) pathway result-
ing in the phosphorylation of tyrosine residues of
the receptor. It also activates the transcription 3
(STAT3) pathway (Ja Young Seol et al., 2007). While
the long-form receptor is thought to signal through
the Janus kinase pathway, the short-forms regu-
late the mitogen-activated protein kinase pathway
(Tsai et al., 2015) It is also hypothesized to behave
like a mitogenic agent in the cellular proliferation
and differentiation of various types of cancer (Ja
Young Seol et al., 2007). On the contrary, though
the short isoform Ob-Ra is observed to activate
mitogen-activated protein kinase (MAPK) sig-
nal transduction it fails to show proliferative be-
haviour or signal transduction in the peripheral
tissues like the kidney (Harwick et al., 2001).

Studies show that serum leptin is an indicator
of progression and survival in breast carcinoma.
IHC expression of leptin in breast tumours of
invasive ductal carcinoma is associated with tu-
mour characteristics. It is used as a primary ther-
apeutic target against breast carcinoma. Positive
immunostaining of colorectal carcinoma (CRC) is
associated with tumour size, lymph vascular in-
vasion, distant metastasis, and recurrence in CRC
(Al-Maghrabi et al., 2018). The decrease in serum
leptin after colectomy indicates a definite associa-
tion with CRC (Wang et al., 2016). Leptin is also as-
sociated with other Gastrointestinal (GI) tumours
such as Barret’s oesophagus and oesophageal
adenocarcinoma (Clemons et al., 2013). Studies
have observed that leptin is associated with an

increased risk of progression of hepatocellular
carcinoma, prostate carcinoma, pancreatic carci-
noma, and gall bladder carcinoma (Jimenez-Cor-
tegana et al., 2021).

Renal cell carcinoma (RCC) is the most com-
mon and accounts for 80-85% of malignant kid-
ney tumours. Renal cell carcinoma is derived
from the tubular lining epithelial cells of the kid-
ney. The most common subtype of RCC is clear
cell RCC (ccRCC) arising from the epithelial cells
of PCT (Fan et al., 2021). Other subtypes of RCC
are papillary cell RCC accounting for 15 to 20%,
and chromophobe RCC accounting for 15% (Fan
et al., 2021). A few proven etiological factors for
RCC are alcoholism, tobacco smoking, obesity, hy-
pertension, and genetic disorders like Von-Hippel
Landau syndrome (Perumal et al., 2019). World
Health Organization (WHO) has predicted that ad-
iposity accounts for 24% of kidney malignancies
(Ljungberg et al., 2011).

Studies performed with respect to serum leptin
levels and RCC elucidated overlapping and con-
troversial results. A case-control study done by
Spyridopoulos et al. (2009) showed that low circu-
lating leptin will lead to an increased risk of RCC
while Liao et al showed that the more the serum
concentration of leptin, more is the risk of RCC.
The study could not explain the pro-carcinogenic
effect of leptin in RCC (Spyridopoulos et al., 2009;
Liao et al., 2013). Several other studies indicated
serum leptin does not correlate with the progres-
sion of the disease in RCC (Perumal et al., 2019).

A few studies opined Acyl-coenzyme A: cho-
lesterol acyl transferase (ACAT) is an important
mediator that converts the free cholesterol into
cholesterol esters inside the cell. Thus, the un-
toward (toxic) effects of free cholesterol on the
tumour cells are controlled and thus have a pro-
tective effect on the latter. It is demonstrated that
ACAT is increased in ccRCC when compared to
normal renal tubular cells (Gebhard et al., 1987;
Pinthus et al., 2011). Hongo et al. (2009) showed
that ACAT activity is increased in the presence
of leptin and proposed that leptin promotes RCC
development. Studies also showed that there is
no difference in the increase of leptin between
clear-cell and non-clear-cell RCC and between
the early and advanced stages of RCC (Drabkin



and Gemmill, 2010). According to a meta-analysis
study, serum leptin was not associated with RCC.
However, it was observed that the serum leptin
levels are significantly elevated in non-clear cell
RCC (Perumal et al., 2019). These authors showed
that there is no relation between serum leptin and
RCC development and progression (Perumal et
al., 2019). However, in another study, no associ-
ation was found between tumour characteristics
and the THC expression of leptin and its receptor.
But the study found that nuclear expression of
leptin was associated with overall survival (Zhu et
al., 2018). Fan et al. (2021) studied RCC cell lines
and Western blot and it was in accordance with
similar results in the nuclear expression of leptin
was associated with overall survival. The study by
Ng et al. (2018) suggested that the level of Ob and
ObR expression is higher in RCC than in normal
tissues. It was observed that ccRCC shows strong
cytoplasmic immunostaining. The above studies
support our finding that PCT is specific for ccRCC.
A study done by Perumal et al. (2020) demonstrat-
ed that there is no differential expression between
ccRCC and adjacent kidney tissue. This was in
contrary to our findings that demonstrated high-
er expression of leptin in ccRCC than in the adja-
cent tissue. Our study observed a graded increase
in the expression of IHC from grade 1 to grade 3.
While other studies done on breast cancer cell
lines also showed high leptin association in high-
grade/ stage tumors (Ishikawa et al., 2004). Fur-
ther, the expression of leptin in other variants of
renal neoplasms such as chromophobe, collecting
duct carcinoma, and renal oncocytoma has been
sparsely studied. Elesawy et al. (2020) observed
that renal oncocytoma shows differential nucle-
ar staining; chromophobe RCC shows no nuclear
localization. Ng et al. (2018) demonstrated that
nuclear expression of leptin is higher in renal on-
cocytoma compared to an eosinophilic variant of
chromophobe RCC and an eosinophilic variant of
clear cell RCC. Normally leptin stains mainly cyto-
plasm in non-cancerous tissues (Ng et al., 2018).
The current study demonstrates that leptin is spe-
cific for PCT, we believe that the leptin biomark-
er can be used to distinguish the eosinophilic
variant of chromophobe RCC, renal oncocytoma
with Eosinophilic variant of clear cell RCC. Since
the morphological overlap in renal malignancy is

common, the scope for core needle biopsy (CNB)
is limited. Leptin IHC can be used to distinguish
the clear cell RCC from others. We emphasize that
leptin IHC can be used pre-operative use in CNB
will be valuable. In dilemma, it can also be used
for the diagnosis of oncocytoma, chromophobe
RCC, an eosinophilic variant of RCC.

CONCLUSION

The present study demonstrated leptin immu-
nolocalized in the cytoplasm of the proximal con-
voluted tubules (+1) of the adult kidney and in the
tumour cells (membranous) of conventional renal
cell carcinoma (+2). However, leptin was not found
to be localized in any of the renal components of
the foetal kidneys. It was neither expressed in the
nephrogenic zone nor neither in the developing
proximal convoluted tubules. The proximal con-
voluted tubules are thought to be the source of the
development of clear RCC. Thus, leptin may not
participate in the development of human kidneys.
Leptin expression in the PCT of the normal adult
kidney, its enhanced expression in the PCT of the
renal tissue adjacent to the carcinomatous tissue,
and its overexpression in the cancerous cells in-
dicate dysregulation of the leptin signalling path-
ways. Since the expression of leptin is observed to
be absent in the fetal their expression in the renal
tumor cells is indicative of an aberrant expression
pattern unlikely to be due to reactivation of a re-
pressed gene in the process of normal embryonic
development.
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SUMMARY

The Onodi cells, also known as sphenoethmoid-
al air cells, are a variant of the most posterior eth-
moid cells and are closely related to the optic ca-
nal. The presence of Onodi cells may increase the
risk of optic nerve injury and result in confusion
with sphenoid sinuses during endoscopic sinus
surgery, leading to the oversight of sphenoid sinus
pathology. The aim of the study was to examine the
characteristics of Onodi cells and their relation-
ship with the optic nerve on CT scans. A cross-sec-
tional study was conducted, analyzing CT scans
of paranasal sinuses in 196 posterior ethmoid air
cells from 98 patients (30 males and 68 females)
aged 18 or older, without abnormalities in the pa-
ranasal sinuses and optic nerve anatomy.

The prevalence of Onodi cells was 38.78%,
with 26.32% on the left, 44.74% on the right, and
28.94% bilaterally. Onodi cell pneumatization was
observed in the order of Type I > Type II > Type
I1I on both sides. The most common relationship
between Onodi cells and the optic nerve was Type
A on both sides. The incidence of the optic nerve
bulging into Onodi cells was 50%, and the expo-
sure of the optic nerve into Onodi cells was 7.89%.
The study investigated the prevalence and rela-
tionship between Onodi cells and the optic nerve.
CT scans proved to be a crucial diagnostic tool in

providing essential information about Onodi cells
before surgery.

Key words: Onodi cells — Optic nerve — Posterior
ethmoid air cells

INTRODUCTION

Onodi cells, also known as sphenoethmoidal air
cells, are the most posterior ethmoidal cells which
pneumatized superiorly, laterally, or superolater-
ally and closely associated with the optic nerve
(Stammberger and Kennedy, 1995). The presence
of the optic nerve, whether or not there is dehis-
cence in the Onodi cell, may increase the risk of
optic nerve injury during endoscopic sinus sur-
gery. Additionally, the potential confusion of Ono-
di cells with sphenoid sinuses during surgery can
lead to incomplete endoscopic sinus procedures
(Chmielik and Chmielik, 2017).

It is evident that accurately determining the
presence of Onodi cells and their relationship
with the optic nerve preoperatively is essential.
Therefore, we conducted the study: “The relation-
ship between the Optic Nerve and Onodi Cells on
CT Scan.”
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MATERIALS AND METHODS All CT scans were conducted in a supine posi-
tion, and axial slices were parallel to the hard pal-

Study Population ate bone, ranging from the anterior border of the
The study sample comprised 96 patients aged frontal sinus to the posterior border of the sphe-

noid sinus. The slice thickness was 0.625 mm,
using a bone window (W 2000 L 350), a matrix of
512x512, and technical parameters of 120KV and

18 and above who underwent paranasal sinus CT
scans at Nguyen Tri Phuong Hospital in Ho Chi
Minh City, Vietnam, from January 2023 to June

2023. The research obtained approval from both 330mAs.
the Institutional Review Ethics Committee and The relationship between the Onodi cells and
the Ethical Committee of the involved hospital. All the optic nerve was assessed based on Chmielik’s

participants in the study provided their informed classification (Chmielik and Chmielik, 2017):
consent to participate by affixing their signatures

on the informed consent form.

« Type A: there was no contact between the wall
of the ethmoid cell and optic nerve canal.

Exclusion criteria affected patients with a his- «  Type B: the wall of the ethmoid cell was adja-
tory of facial trauma, malignant facial diseases, or cent to the optic nerve canal wall on the dis-
previous surgeries in the paranasal sinus area. tance maximum 2 mm (measuring in axial

and sagittal planes), not extending laterally or
Research Method supero- laterally.

A cross-sectional study was performed using a + Type C: the wall of the ethmoid cell was adja-
64-slice multidetector scanner with a slice thick- cent to the optic nerve canal wall within dis-
ness of 0.625 mm. Subjects under 18 years old, tance >2 mm in the axial and/or sagittal plane
with a history of facial trauma, malignant facial extending laterally or supero-laterally with-
diseases, or previous surgeries in the paranasal out bulging of the optic nerve canal into the
sinus area, were excluded from the study (Fig. 1). ethmoid bone.

Fig. 1.- Onodi cells on the coronal section (red arrow).

374



Fig. 2.- A: Onodi cell type I. B: Onodi cell type II. C: Onodi cell type III.

Type D: the wall of the ethmoid cell was ad-
jacent to the optic nerve canal wall for a dis-
tance of more than 5 mm (measuring in axial
or sagittal plane) extending supero-laterally
with bulging. The bulging was defined as the
protrusion of the optic nerve into the ethmoid
cell visualised in two planes. The very thin
slice thickness guaranteed not missing any
bulging of the optic nerve canal.

Types C and D are defined as a close relation-
ship between the posterior ethmoid cells and
the optic nerve.

The Onodi cells are defined according to the
Stammberger and Kennedy (1995) standard: they
are posterior ethmoid cells pneumatized superi-
orly, laterally, or superior-laterally to the sphenoid
sinus and have a close relationship with the optic
nerve (Type C or D). Paranasal sinus CT scans are
analyzed in all three planes: coronal, axial, and
sagittal, to avoid missing Onodi cells.

The pneumatization pattern of Onodi cells is
assessed based on Thimmaiah’s classification
(Thimmaiah and Anupama, 2017). In the coronal
plane, the location of the sphenoid sinus is iden-

Fig. 3.- Protrusion of the optic nerve into the Onodi cell (red arrow).
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Fig. 4.- Protrusion of the optic nerve into Onodi cells on both sides, with the right optic nerve having bony coverage (A) and the left

optic nerve lacking bony coverage - exposed into the Onodi cell (B).

tified, and the section where Onodi cells have the
largest cross-sectional area and are related to the
sphenoid sinus is determined. A horizontal line is
drawn at the highest point of the sphenoid sinus
at that section, and the position of Onodi cells is
evaluated in relation to the drawn line (Fig. 2):

« Type I: if Onodi cells are observed above or
laterally to the sphenoid sinus.

« Typell: if Onodi cells are observed both above
and below the drawn line.

« Type III: if Onodi cells are observed below the
drawn line.

The protrusion of the optic nerve is assessed
according to Chmielik’s study (Chmielik and Ch-
mielik, 2017): it refers to the bulging of the optic
nerve into the cavity of Onodi cells, evaluated on
two sections (Figs. 3, 4). It must be meticulously
analysed on each section to ensure that no optic
nerve protrusion is overlooked.

Exposure of the optic nerve into the cavity of
Onodi cells is noted when there is a protrusion of
the optic nerve into the cavity of Onodi cells, and
there is no bony wall covering.

RESULTS

The study analysed CT scans of 196 posterior
ethmoid air cell systems and optic nerve relation-
ships from 96 patients (30 males and 68 females).
The average age was 47.15 + 15.22 years, ranging
from 19 to 88 years, with no history of facial trau-
ma, malignant facial conditions, or prior surgery
in the adjacent nasal sinus area.

The study observed the presence of Onodi cells
in 38 patients (38.78%). Among these cases, On-
odi cells were identified on the right side in 17
out of 38 cases (44.74%), on the left side in 10
out of 38 cases (26.32%), and bilaterally in 11 out
of 38 cases (28.94%). In the male group, Onodi
cells were noted in 13 out of 30 cases (43.33%):
4 cases on the left (30.77%), 4 cases on the right
(30.77%), and 5 cases bilaterally (38.46%). In
the female group, Onodi cells were identified in
25 out of 68 cases (36.76%): 6 cases on the left
(24%), 13 cases on the right (52%), and 6 cases
bilaterally (24%). The correlation between poste-
rior ethmoid cells and the optic nerve is present-
ed in Table 1.



Table 1. The correlation between posterior ethmoid cells and
the optic nerve.

Type Left (%) Right (%)
A 73.46 66.32

B 5.1 5.1

C 11.22 13.26

D 10.22 15.32
Total 100 100

Regarding the pneumatization types of Ono-
di cells, on the left side, Type I was observed in
47.61%, Type Il in 42.86%, and Type Il in 9.53%.
On the right side, Type I accounted for 60.71%,
Type 11 for 35.71%, and Type III for 3.58%.

The study also noted that the rate of optic nerve
protrusion into the Onodi cells was 50%, and the
rate of exposure of the optic nerve into the Ono-
di cells was 7.89%. Comparison of the prevalence
rate of Onodi cells with previous studies is ex-
posed in Table 2.

DISCUSSION

Onodi cells are closely related to vital anatom-
ical structures such as the optic nerve and the
internal carotid artery, and they can be confused
with the sphenoid sinus during surgery. There-
fore, the detection of Onodi cells prior to nasal
sinus surgeries is crucial for minimising compli-
cations and avoiding missing sphenoid sinus pa-

Lam Huyen Tran, Nguyen Le Vinh Thuan

Previous studies have indicated varying preva-
lence rates of Onodi cells and their association with
the optic nerve. However, most of these studies uti-
lized one or two sectional views for assessment.
For instance, Delano’s study (Delano et al., 1996)
showed that only 3% of posterior ethmoid cells
were associated with the optic nerve, but this study
only analysed coronal sections. Until now, there
has been no consensus on the method of evaluat-
ing Onodi cells on CT scans. According to Hoang et
al. (2010), the assessment of paranasal sinus on CT
scans should involve all three sectional views.

In some studies, the detection rate of Onodi cells
was higher when evaluated in multiple sectional
views compared to a single sectional view (Wein-
berger et al., 1996; Driben et al., 1998). Therefore,
our study assessed all three sectional views (coro-
nal, axial, and sagittal) to prevent overlooking On-
odi cells during CT scan analysis (Hui et al., 2022).

Numerous previous studies have reported a con-
siderable variation in the prevalence of Onodi cells,
ranging from 3.4% to 65.3% (Delano et al., 1996;
Yanagisawa et al., 1998; Kasemsiri et al., 2011;
Tomovic et al., 2012; Pham Thy and Pham Ngoc,
2012; Ozturan et al., 2013; Toan, 2013; Chmielik et
al., 2014; Sarita Choudhary et al., 2014; Wada et al.,
2015; Seung-Ju et al., 2015; Senturk et al., 2016;
Chmielik and Chmielik, 2017; Nguyen et al., 2018).
In our study, the observed rate of Onodi cells was
38.78%, distributed by gender as 34.21% in males
and 65.72% in females, with no statistically signifi-

thology during the procedure. cant difference between the two genders.

Table 2. Comparison of the prevalence rate of Onodi cells with previous studies.

Authors Location Year Sample Size Prevalence Rate
Thién Vietnam 2008 289 21%
Kasemsiri et al. Thailand 2011 187 49,5%
Seung-Ju et al. South Korea 2015 129 47,3%
Sarita et al. India 2014 100 31%
Chmielik and Chmielik Poland 2017 196 39,8%
Nguyen Thi et al. Vietnam 2018 120 25,42
Nair and Ibrahim India 2021 201 42,8%
Ozdemir et al. Germany 2019 508 21,2%
Le Nhat Vinh Vietnam 2021 400 19,6%
Liuling Hui et al. China 2022 273 60,4%
Our study Vietnam 2023 98 38,78%
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The prevalence rate of Onodi cells in our study
was higher than in some previous studies, such as
Sarita Choudhary et al. (2014) (31%), Ozdemir et
al. (2019) (21.2%), and Vinh (2021) (19.6%) stud-
ies. However, it was quite similar to Chmielik and
Chmielik’s (2017) study in Poland in 2017, partly
due to the use of similar criteria for analysing On-
odi cells.

According to Chmielik’s study, among the four
types of relationships between Onodi cells and
the optic nerve, types C and D are considered
Onodi cells with a close relationship to the optic
nerve. In the context of endoscopic sinus surgery,
injuries to the optic nerve are more likely to oc-
cur with types C and D, especially when the optic
nerve lacks bony covering (Chmielik and Chmie-
lik, 2017). In our study, type A had the highest
prevalence, accounting for 73.46% on the left and
66.32% on the right, followed by types C, D, and
the lowest was type B, with no statistically signif-
icant difference between the left and right sides.

It can be observed that in both studies, type A
consistently had the highest prevalence. Howev-
er, the two dangerous types that often lead to op-
tic nerve injuries during surgery (types C and D)
still accounted for a considerable proportion, with
14.8% for type C and 25% for type D in Chmielik’s
study, and 12.24% for type C and 12.77% for type
D in our study.

The pneumatization types of Onodi cells were
classified into three types according to Thim-
maiah’s classification (Thimmaiah and Anupama,
2017), where type I had the highest prevalence,
followed by type II, and the least was type III. This
is quite similar to Nair and Ibrahim’s study (Nair
and Ibrahim, 2021), but differs from Thimmaiah’s
study, which reported type II as the most preva-
lent, followed by type I and type III. This differ-
ence may be attributed to variations in anatomical
structures and pneumatization processes of the
Onodi cell system among different ethnic groups.

Our study recorded that 50% of cases exhibit-
ed the optic nerve protruding into the Onodi cell,
which is lower than the findings of Vinh (2021)
(59.9%). In both studies, when Onodi cells were
present, the prevalence of optic nerve protru-
sion was relatively high. The study also noted that

7.89% of cases involved the exposure of the optic
nerve into the Onodi cell, which is the most dan-
gerous type, leading to optic nerve injury during
endoscopic sinus surgery.

Due to its close association with many important
anatomical structures, especially the optic nerve,
identifying the characteristics of Onodi cells be-
fore surgery is crucial. The presence of the optic
nerve, whether or not there is dehiscence in the
Onodi cell, may increase the risk of optic nerve
injury, particularly when the surgeon fails to rec-
ognize their presence on preoperative CT scans.
Evaluating Onodi cells on all three coronal, axial,
and sagittal planes can help reduce the likelihood
of overlooking these cells and provide a better as-
sessment of their relationship with the optic nerve.

CONCLUSION

In this study, we reported the prevalence, char-
acteristics, and relationship of Onodi cells with
the optic nerve. CT scan proved to be a selected
imaging diagnostic method that provides crucial
information about Onodi cells before surgery.
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SUMMARY

The variants in the origin of the trunks of the
aortic arch are very heterogeneous. Among them,
it is worth highlighting the variants that involve
the origin of the vertebral artery and more spe-
cifically the left vertebral artery. We present the
case of a 62-year-old patient in whom an aberrant
vertebral artery was incidentally described in a
computed tomography for oncological evaluation.
This anatomical variant is asymptomatic in up to
5% of cases and can give rise to clinical problems
of a vascular nature.

Key words: Vertebral artery — Anatomical vari-
ant — Aberrant — Computed tomography

INTRODUCTION

The aortic arch is an important structure in
the human cardiovascular system, responsible
for supplying oxygen-rich blood to the upper
extremities and head. Three branches emerge
from the aortic arch: the brachiocephalic trunk,
the left common carotid artery, and the left sub-
clavian artery. Under normal conditions, the left
vertebral artery emerges from the left subclavian
artery medial to the thyrocervical trunk and sup-

plies blood to the upper part of the spinal cord,
brainstem, and cerebellum. It ascends through
the transverse foramina of all but the seventh
cervical vertebrae and enters the posterior cra-
nial fossa through the foramen magnum (Frankel
and Roselli, 2023; Min et al., 2023). However, this
structure does not always present the same anat-
omy in all individuals. Anatomical variants of the
aortic arch are relatively common and may have
clinical implications in some cases.

Anatomical variants of the aortic arch re-
fer to any deviation from the normal structure
and placement of the main branches of the aor-
ta. These variants may imply a variation in the
number, size, position and origin of the branches
(Nandi et al., 2022). The presence of anatomical
variants of the aortic arch may have important
clinical implications in some patients, as they
may affect blood perfusion to the upper extrem-
ities, head, and body. In addition, these variants
can affect the interpretation of radiological stud-
ies, since the variation in the position and origin
of the branches can make these structures simi-
lar to other pathologies (Case et al., 2015; Meester
et al., 2023). Vertebral arteries are among those-
main arteries that supply blood to the spinal cord
and brain.
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Fig. 1.- Coronal CT vascular reconstruction showing aberrant origin of left vertebral artery (red arrow) from aortic arc (A and B,

different coronal views).

In terms of the embryological origin of the ver-
tebral artery, cervical intersegmental arteries
appear from the aortic arch. The first to sixth
dorsal intersegmental arteries are anastomo-
sed, and the inferior end is linked to the seventh
dorsal intersegmental artery. The first portion
of the left vertebral artery develops near the or-
igin of the dorsal branch of the seventh cervical
intersegmental artery. In order to go into the fo-
ramen transversarium of the sixth cervical verte-
bra, the artery follows a vertical and dorsal course
(Magklara et al., 2020).

Normally, this artery arises from the left sub-
clavian artery. However, in some cases, vertebral
arteries may aberrantly originate directly from
the aortic arch. One of the anatomical variants is
known as aberrant origin of the left vertebral ar-
tery and is one of the most common variants of
the aortic arch. More exactly, this aberrant origin
comprises the types 3 and 4 of the classification
of aortic arch trunks variants (Popieluszko et al.,
2018). Although this anatomic variant may be as-
ymptomatic in some patients, in others it may be
associated with significant clinical complications.

CASE REPORT

This case concerns a 62-year-old male patient, a
drinker and smoker, with no other personal history

of interest. In 2017, the patient presented hoarse-
ness and odynophagia, and an otorhinolaryngolo-
gy examination was performed, which revealed a
lesion in the left vocal cord that was pathological-
ly diagnosed as squamous cell carcinoma of the
larynx. In the CT corresponding to the extension
study, an anatomical variant (Fig. 1) was observed
by chance, consisting of the existence of an aber-
rant origin of the left vertebral artery directly from
the aortic arch instead of originating from the left
subclavian artery, which would be the usual ori-
gin. In fact, the left vertebral artery is originated
from the aortic arch between the origin of the left
carotid artery and the origin of the left subclavi-
an artery. Furthermore, this arterial variant has a
larger arterial diameter and penetrates through
the transverse vertebral foramina, starting from
the fifth cervical vertebra (Fig. 2). The patient had
no symptoms in this regard. The final stage of his
laryngeal tumor was T3NOMO. Due to the fact that
the treatment with total laryngectomy would have
been very mutilating, in this case a chemotherapy
treatment based on cisplatin and radiotherapy for
2 months was decided. As of today, the patient is
in complete response to treatment, that is, there is
absence of any detectable cancer after completion
of treatment and without signs of tumor relapse.



Fig. 2.- Sagittal CT with arterial intravenous contrast that show the entrance of left vertebral artery in transverse foramina in the
fifth cervical vertebra (A) and in the sixth cervical vertebra in the case of right vertebral artery (B).

DISCUSSION

The existence of anatomical variations in the
vertebral artery can be a problem when perform-
ing cervical surgeries on patients with degener-
ative diseases, tumors, infectious diseases or
trauma, among others. In these procedures, an
injury to the vertebral artery can be disastrous
for the patient, since it can cause uncontrollable
bleeding, syndromes associated with neck swell-
ing such as dyspnea, and delayed hemorrhage
from a pseudoaneurysm (Elnaggar et al., 2021).
Regarding other studies that have described
these malformations, it is worth highlighting the
one published by Yuan et al., 2016, where it is in-
dicated that most of the patients with alterations
of the origin of the vertebral artery are asymp-
tomatic and only 5.5% present some symptom-
atology derived from it.

According to different authors (Popieluszko
et al., 2018; Adachi, 1928; Lippert et al., 1985;
George et al., 2016), the variants of the origin of
the aortic trunks are classified into 7 types. Of
these, subtypes 3 and 4 are those in which the
left vertebral artery originates directly from the
aortic arch. Of them, subtype 3 would be the one
that would correspond to the case described,
since the rest of the aortic trunks originate in the

usual way and the left vertebral artery would be
the one that originates independently in the aor-
tic arch before the origin of the left subclavian
artery. Alterations in the origin of the left verte-
bral artery are present in 2.8% of the population,
and subtype 3 is the third most common anoma-
ly of the origin of the aortic trunks. Moreover, this
case presents another variant, which consists of
the left vertebral artery having a larger diame-
ter than the right and penetrating the transverse
foramina of the cervical vertebrae starting from
the fifth vertebra. This anatomic variation is only
present in approximately 3.3% of the population
(Shin et al., 2014).

Finally, Ibrahim et al. (2021) describe the diffi-
culty of aortic surgery in these patients, since they
require different surgical strategies, and the risk
of complications would be greater.

CONCLUSION

In conclusion, the aberrant origin of the left
vertebral artery from the aortic arch is a rare an-
atomical variant that may be associated with var-
ious pathologies and complications. Their knowl-
edge is important to avoid diagnostic errors and
to plan safe surgical and radiological procedures.
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This clinical case has been carried out following
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for its publication being confirmed.
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SUMMARY

Labial ankyloglossia is a rare condition where
the lingual frenum is found to be continuous with
the labial frenum. It is a rare condition that can
have a significant impact on a patient’s quality
of life. Early recognition and appropriate inter-
vention can lead to substantial improvements
in speech, oral hygiene, and overall well-being.
This case report underscores the importance of
considering labial ankyloglossia as a differential
diagnosis in patients with lip-related issues and
highlights the potential benefits of surgical cor-
rection in improving lip function and aesthetics.

Key words: Ankyloglossia — Lingual frenum —
Labial frenum — Oral hygiene

INTRODUCTION

A frenum, which is additionally known as a fren-
ulum, is a slender band of connective tissue found
in the human body that serves as a stabilising
or anchoring agent pertaining to specific bodily
structures (Gottsegen, 1954). There are several
distinct kinds of frenums located throughout the

body, but a selection of the more prevalent ones
includes the frenulum of the genitalia, the lingual
frenum (under the tongue), and the labial frenum
(within the lips). In order to preserve the normal
range of motion and practicality in their respec-
tive locations, these structures are indispensable.

Clinical significance is attributed to frenum fu-
sions in the oral cavity, which pertain to the teth-
ering locations of the lingual or labial frenum.
Variations in these frenula, including taut or loose
attachments, can result in a number of function-
al and dental problems. The lingual frenum and
lower labial frenum fused together, resulting in
significant tongue hypomobility, make this case
report individualistic.

CASE REPORT

The chief complaint of a 9-year-old boy who
came to the outpatient facility was that he was
having trouble swallowing and communicating.
An intraoral examination revealed a tongue tie.
The lingual frenum was positioned near the tip
of the tongue and was thick and fibrous. It was
connected anteriorly along the floor of the mouth
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Fig. 1.- 'V’ shaped notch seen in the floor of the mouth with the fusion of labial and lingual frenum in the lower arch.

with the mandibular labial frenum. The young
toddler was unable to stick out his tongue. When
the tongue was raised towards the palate, it dis-
played a typical ‘V’ shaped notch (Fig. 1). The
tongue was unintentionally thrust out when the
lower lip was pulled outward by the pull of the
labial frenum. Similarly, the lower lip pulled for-
ward as the tongue retruded into the floor of the
mouth (Fig. 2). Blanching was seen over the fre-
num upon forcing the lip and tongue apart forc-
ibly. Because of the fusion of the frenums, there
were missing teeth in the lower anterior region. In
addition to malnourishment, the patient had bad
dental hygiene.

DISCUSSION

Labial ankyloglossia is a rare type of ankylo-
glossia where the frenulum attaches the lower
lip to the gum, limiting the mobility of the lip and
tongue. This condition can cause difficulties with
breastfeeding, speech, and oral hygiene. Ankylo-

glossia can be classified into four classes based
on Kotlow’s assessment, with Class I being mild
ankyloglossia and Class IV being complete anky-
loglossia. However, there is no consensus on the
best classification system for ankyloglossia, and
individual evaluation and treatment discussions
based on each patient’s circumstances are rec-
ommended (Chaubal and Dixit, 2011). Only two
such cases of labial ankyloglossia have been re-
ported to the best of our knowledge (Bahadure et
al., 2016; Chandrashekar et al., 2014).

Ankyloglossia typically becomes apparent in
the first trimester of pregnancy, at the very be-
ginnings of embryonic development. Like a mul-
titude of other structures in the body, the lingual
frenum sets up through a convoluted procedure of
tissue growth and differentiation. From the base
of the tongue to the floor of the mouth, the lingual
frenum fosters an annular band of connective
tissue. It encompasses an assembly of mesen-
chymal and epithelial cells that self-organize and


https://paperpile.com/c/AbZrtO/9YYd
https://paperpile.com/c/AbZrtO/GmqK+DCSY
https://paperpile.com/c/AbZrtO/GmqK+DCSY

Fig. 2.- Tongue first develops fused to the floor of the mouth. Later, its anterior and inferior margin retracts, and the frenulum is the
remnant of its most anterior attachment. Ankyloglossia is caused by an unusually short, thick lingual frenulum.

are proficient in forming the frenum framework
(Kummer, 2023). The absence of permanent teeth
and the fusion of the tongue tip to the lower lip in
this instance indicate that the area where the first
brachial arches fused has not developed normal-
ly. The normal development of the tongue and lip
have been demonstrated in Fig. 2.

Although its precise causes are enigmatic, anky-
loglossia can manifest as the consequence of both
hereditary and environmental factors. An attach-
ment characterised by being either tight or short
could stem from genetic predispositions that af-
fect the lingual frenum’s structure. The moment
of onset of ankyloglossia may also be susceptible
to environmental variables or genetic changes
(Suter and Bornstein, 2009).

Male-to-female ratios spanning from 1:1 to 3:1
continually demonstrated in multiple studies.
X-linked or autosomal dominant inheritance may
be postulated by the aforementioned findings.
The disparities between ankyloglossia cases that
strike sporadically and those that are familial im-
pede this understanding. Unlike familial occur-
rences, most cases of ankyloglossia are assumed
to be random and to have a greater male predis-
position. There have been also reports of terato-
gen or environment-related causes of ankyloglos-
sia (Klockars and Pitkaranta, 2009).

Ankyloglossia typically manifests alone in a fa-
milial pattern, but it can also surface syndromi-
cally in conditions like Ehlers-Danlos syndrome
and oro-facio-digital syndrome. In certain fa-

milial patterns, male-to-male transfer provides
partial vulnerability for an autosomal dominant
inheritance pattern. An X-linked pattern is ob-
served in other genes attributed to ankyloglossia,
such as TBX22 mutations, which are also linked to
cleft palate. As one of the multitudes of birth mal-
formations linked to congenital Zika syndrome,
the lingual frenulum was additionally observed
to be aberrant, either non-existent or positioned
posteriorly (Mintz et al., 2005).

Given the child’s age, the severity, and the com-
monality of the condition, tongue-tie in newborns
and children can have a wide array of repercus-
sions. The most scrutinised area of this is how
tongue-tie hinders an infant’s ability to breast-
feed. A synchronised peristaltic process and the
establishment of a robust seal between the moth-
er’s nipple and the baby’s oral cavity are requi-
sites for effective breastfeeding. This seal facili-
tates the generation of an intraoral vacuum. The
vantage point of the tongue matters for each of
these phases (Hogan et al., 2005).

Disputes pertaining to dental health, orthog-
nathic development, and oral hygiene are addi-
tionally posed by the tongue’s tethering caused by
this very particular kind of labial ankyloglossia.
For one to clean the teeth after meals and remove
any remaining food particles that may contribute
to caries, tongue mobility is imperative. It is be-
lieved that a tight lingual frenulum is linked to a
higher risk of dental caries because it limits the
tongue’s capacity to effectively reach and regular-
ly clean every tooth. Apart from dental cavities,
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a few investigations have linked issues related to i), Glin Genet, 75(1): 98.99.

appropriate occlusion and craniofacial develop- o » A
. KUMMER AW (2023) ankyloglossia: typical characteristics, effects on function,
ment to the lingual frenulum (Messner and Lal- and clinical implications. Seminars Speech Language, 44(4): 217-229.

akea, 2000). MESSNER AH, LALAKEA ML (2000) Ankyloglossia: controversies in
management. Int J Pediat Otorhinolaryngol, 54(2-3): 123-131.

The mainstays of alleviating ankyloglossia are _

. ) MINTZ SM, SIEGEL MA, SEIDER PJ (2005) An overview of ora frena and
surgical procedures such as frenotomies, frenec-  teir association with multiple syndromic and nonsyndromic conditions. Oral Surg
tomy, and frenuloplasty. Based on the extant lit- Oral Med Oral Pathol Oral Radiol Endodontics, 99(3): 321-324.
erature, there is no Surgical teChnique that is SUTER VGA, BORNSTEIN MM (2009) Ankyloglossia: facts and myths in

’ . s diagnosis and treatment. J Periodontol, 80(8): 1204-1219.
preferred above the others. The patient’s age and
peculiar characteristics of the ankyloglossia usu-
ally ascertain the surgical course of treatment.
Additionally, with the goal of enhancing suction
and preventing scar repudiation, some research
indicates that myofunctional treatment may be
helpful both before and after surgery. It should
be mentioned that opinions regarding wheth-
er tongue ties require surgical intervention and
whether they can be managed with observation
are still being debated. More investigations and
research are required to develop an improved line
of treatment (Baker and Carr, 2015).

This case study concludes by emphasising the
need for diagnosing and treating labial ankylo-
glossia, a disorder that, despite being relatively
uncommon, can significantly affect a patient’s
oral health and overall quality of life. This exam-
ple highlights the value of early detection and
treatment for cases of labial ankyloglossia, which
will ultimately give patients a more functional
and comfortable oral environment. The greatest
possible outcomes for patients in the future will
be ensured by ongoing research and clinical ex-
perience in this area, which will further refine our
understanding and treatment options for this ail-
ment.
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SUMMARY

The future of Medical Education (ME) must be
evaluated in light of the increasing variety and
availability of educational models and embalming
techniques for student and physician education
and training. To evaluate the viability and sustain-
ability of the different learning models, research
and data on the diverse teaching modalities will
be assessed from the perspectives of training resi-
dents and physicians. A literature review was con-
ducted to provide an overview of the diversity of
soft-preservation techniques presently available.
It was shown that ME is optimized using soft-pres-
ervation techniques, but that many are limited in
their present ability to accurately reflect the live
human anatomy, and that more research must be
done to identify the optimal preservation tech-
nique given unique educational needs. The aggre-
gation of current research study results will aid
educational programs in identifying the modali-
ties of training most appropriate for their curric-
ulum, and help in identifying models that can be
utilized long-term to improve ME.

Key words: Medical Education — Simulation —
Body donors — Soft preservation

INTRODUCTION

Medical Education

Medical Education (ME) can take on a variety
of forms, depending upon the medical specialty.
For practicing physicians, the scope of ME en-
compasses educational activities that aid medical
professionals in maintaining, further developing,
orincreasing their professional and interpersonal
knowledge and skills (AAMCE, 2022). While one’s
medical specialty may largely influence the spe-
cific set of Continuing Medical Education (CME)
requirements, the overarching purpose is to aid
physicians in continuing their life-long learning
and to facilitate the enhancement of medical care
to their patients and the medical field as a whole
(University of Buffalo, 2018).

However, prior to being trusted with autonomy
within the clinical setting, it is vital that physicians
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be well-practiced and competent in their skillset.
While the process of medical training is long and
arduous, in many ways a physician’s technical
proficiency is intimately linked with their amount
of experience. Under ideal circumstances without
real-world consequences, physicians would be
able to practice on live patients. However, this is
not feasible for legal and ethical reasons, as well
as the premise of providing optimal care for pa-
tients. As such, identifying training methods that
appropriately and accurately mirror live medical
circumstances is vital for preparing physicians to
practice autonomously. Such a model is referred
to as simulation-based training (Al-Elg, 2010).

Simulation refers to artificially representing
real world circumstances and settings. In the con-
text of ME, simulation-based training involves the
recreation of clinical scenarios to promote the
acquisition of clinical skills through deliberate
and repeated opportunities to practice, while also
removing the direct consequences of practising
on real patients under high-risk settings. Under
simulated conditions, trainees and inexperienced
medical professionals can learn without fear of
harming their patients, focusing less on the con-
sequences of their mistakes, but directing their
attention primarily to the acquisition of skills and
knowledge for future application (Al-Elqg, 2010).

Forms of Simulation-Based Training

One of the primary modalities of simula-
tion-based training involves the use of models.
Simulation-based learning models can be cat-
egorized into several different classifications
based on their resemblance to reality. Low-fidel-
ity models include static models without realism
or scenario-based context, while medium-fidelity
educational tools have more resemblance to real-
ity with basic life function characteristics (pulse,
heart sounds, and breathing sounds), and high-fi-
delity simulators incorporate manikins that re-
produce physical signs and physiological read-
ings on monitors (Al-Elg, 2010).

More recently, virtual and augmented reality
show promise in multiple realms of medicinal
and surgical education. Neurosurgery is one of
the medical fields that has benefited from in-
tegrating virtual reality into their training and

practice. A study by Bernardo (2017) provided an
overview of the current future utility of virtual re-
ality simulators in neurosurgical training. By sim-
ulating three-dimensional scenes and evoking
a comparable sensory experience similar to real
life experiences, neurosurgeons were able to be-
gin to learn complex tactile and often unnatural
surgical skills/procedures through intuition, rep-
etition, and direct computer/teacher feedback.

Another simulation model that has been utilized
particular in surgical settings is the animal model.
Being able to practice these skills and techniques
in-vivo in the animal model facilitates procedural
learning in a safe environment, sparing the neg-
ative consequences of practising on live patients
(Bergmeister et al.,, 2020). However, while these
simulation models can representreality and can aid
training physicians in the acquisition and practice
of vital clinical and surgical skills, they cannot ful-
ly replicate it (Al-Elqg, 2010). A study by Carey et al.
(2014) highlighted that the primary limiting factor
of simulation models is their lack of translatability
to live conditions. They subsequently asserted that
the next best option for simulating procedures was
on human body donors due to its approximation of
live tissue. Venne et al. (2020) similarly concluded
that in addition to the initial expense of simulation
models, the artificial modalities could not fully re-
flect the immense variability and intricacy of the
live human anatomy. This is usually highlighted
in the anatomical variations present in the human
body along with the morbidity and causes of death
that could only be appreciated when working with
body donors (Konschake and Brenner, 2014; Bal-
ta et al., 2022). Therefore, the human body donor
model remains in many ways the gold standard for
ME and the acquisition of clinical and procedural
knowledge. Human body donors have been used
for anatomical education for centuries and their
utility in clinical education has expanded over the
years. For this reason, many of the studies investi-
gating the use of body donors in clinical education
would rely primarily on experiences in anatomical
dissection (Balta et al., 2022).

Human Body Donor Model

Human body donors have been used in numer-
ous medical fields to aid in procedural skills ac-



quisition to overcome the initial learning curve,
as well as to replace learning on live human pa-
tients (Porzionato et al., 2014; Yiasemidou et al.,
2017; Watanabe et al., 2019; Nagase et al., 2022).
One way in which human body donors have been
utilized in internal medicine resident education is
by simulating arthrocentesis (Gould et al., 2020).
The study highlighted that, after the completion of
a skills lab with human body donors, there was a
70% increase in confidence in performing arthro-
centesis procedures. It was additionally noted that
prior data and literature had shown that internal
medicine program graduates had previously not
felt adequately prepared to provide competent
care to their patients in such procedures (Gould
et al., 2020).

However, while studies have shown the poten-
tial of the human body donor model in ME, there
is a significant constraint associated with the
availability of unembalmed human body donors,
limiting their viability as a continued and sustain-
able ME resource. While simulation would ide-
ally be performed on unembalmed human body
donors, the rate of decomposition of the human
body makes this unsustainable for longitudinal
ME. This rapid rate of decomposition has led pro-
grams to rely upon embalming techniques to pro-
long the viability and utility of each human body
post-mortem.

Human Body Donor Embalming

While unembalmed human body donors initial-
ly reflect the color, texture, and tensile strength
of unembalmed tissue, and seem like the obvious
choice for simulating live operating conditions,
their rapid decomposition following thawing
presents many potential problems (Macchi et al.,
2003; Hayashi et al., 2015). To avoid these issues,
embalmed human bodies have been utilized to
maintain desired anatomical properties, while
minimizing the risk of infection and tissue desic-
cation as well as costs, and also maximizing body
utility for teaching, educational, or surgical expe-
riences (Hayashi et al., 2015).

Embalming is the process of exposing a subject
to chemicals after death to prevent decay (Bal-
ta et al.,, 2015). Traditionally, chemical such as
formaldehyde, glutaraldehyde, phenol, glycerin,

bronopol, ethanol, and glycol have been utilized
in embalming. However, each chemical and com-
bination of chemicals offers unique benefits and
drawbacks in quality of tissue, specifically in tis-
sue appearance, texture, and flexibility. As such,
it is vital that users assess each embalming meth-
od and identify the technique most optimal given
their unique needs (Balta et al., 2018).

Types of Embalming Techniques

In discussing the utility of varying embalming
techniques, it is important to define terms that
have historically been ambiguously understood.
When referring to a human body donor that has
not been chemically treated, the appropriate term
is an unembalmed human body donor. When an
embalming solution produces a human body do-
nor with joint flexibility less than that of the un-
embalmed body, the donor is described as “hard-
fixed.” In addition to hard-fixation, there is also
an embalming technique known as “soft-preser-
vation.” Soft-preserved human body donors are
defined as donors that have equal or more joint
range of motion than that of the unembalmed hu-
man body donor (Balta et al., 2015).

Hard-fixation is the most common embalming
technique, and it generally relies upon high con-
centrations of formaldehyde. Formaldehyde is
one of the most common and important chemi-
cals in embalming. Initially introduced in the late
19™ century, it has been utilized consistently in
human body donor embalming due to its low cost
and wide availability. Working with formaldehyde
is considered hazardous due to the carcinogenic
impact on a living body and therefore strict ex-
posure levels continue to be imposed (Balta et al.,
2015). Human body donors embalmed with form-
aldehyde are often referred to as formalin-fixed.
While formalin-fixation does offer excellent re-
sults in terms of eliminating potentially harm-
ful bacteria, fungi, and other organisms, its high
concentrations also result in extreme soft-tissue
changes on the human body donor (Hayashi et al.,
2015).

Formalin-fixed human body donors typically
do not exhibit their normal tissue qualities, in-
cluding color, texture, flexibility, elasticity, and
pliability (Balta et al., 2015). The resultant tissues
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often take on a greyish hue, appearing noticeably
different compared to their former state, and are
pervaded by a pungent, potentially carcinogen-
ic, and unpleasant odor (Balta et al., 2015; Ha-
yashi et al.,, 2015). While this may be sufficient
for learning basic human anatomy, surgeons have
questioned how realistic embalmed human body
donors are and have sought ways of better emu-
lating live tissue. This concern has resulted in in-
terest in soft-preservation techniques, including
Thiel-preservation, Saturated Salt Solution (SSS),
Imperial College of London — Soft Preservation
(ICL-SP), N-vinyl-2-pyrrolidone, and Modified
Larssen Solution (MLS) techniques, which pur-
portedly better resemble live tissue (Balta et al.,
2015).

SOFT-PRESERVATION

Soft-preservation was first pioneered by Walter
Thiel in 1992 with the advent of Thiel- preserva-
tion to better preserve tissue characteristics, in-
cluding color, texture, pliability, and structural in-
tegrity (Thiel, 1992a, 1992b). Another adaptation
of the Thiel method was published in 2022 (Thiel,
2002). However, as new soft-preservation tech-
niques had been developed and become more
readily utilized the variety of different applica-
tions have also increased, particularly within ME
(Balta et al., 2015).

Thiel-Preservation in ME

By a significant margin, the most heavily and
diversely researched/utilized soft-preservative
method is the Thiel-preservation technique which
preserves a deceased human body for over a year
as indicated in Table 1. With the solution being
first implemented at the University of Graz, one of
the first dealings was utilizing this technique as a
learning and training model for arthroscopic sur-
gery (Grechenig et al., 1999).

In the practice of thoracic endovascular aortic
repair (TEVAR) and endovascular abdominal re-
pair (EVAR), McLeod et al. (2017) simulated pro-
cedures utilizing Thiel-preserved human body
donors in conjunction with extracorporeal pulsa-
tile ante-grade flow into the aorta. It was conclud-
ed that, in conjunction with the perfusion of the
aorta, Thiel-preserved human body donors ap-

propriately simulated aortic endovascular proce-
dures both anatomically and physiologically, and
additionally had potential in interventional radio-
logic training and medical device testing (McLeod
etal., 2017).

Thiel-preserved human body donors have also
been assessed as a viable training model in the
context of upper and lower urinary tract endos-
copy training. Bele and Kelc (2016) determined
that, while there were limitations to the model in
comparison to performing the procedure on live
patients, the model was suitable as a simulation
model for the initial training of urethrocystoscopy
and ureteroscopy. The primary drawbacks of the
preservation technique were that the bladder mu-
cosa lacked visible vessels, making the model un-
suitable for clinically identifying mucosal abnor-
malities, as well as the lack of muscle tonus, which
made ureteroscopy more difficult, although still
possible (Bele and Kelc, 2016).

In the context of head and neck preservation, Mi-
yake etal. (2020) sought to evaluate the Thiel-pres-
ervation method for head and brain surgery
training. Thiel-preservation is known for being
able to preserve tissue’s natural color, flexibility,
and plasticity, but generally causes brain soften-
ing, limiting Thiel-preservation in the context of
intra-cranial procedure practice. However, when
used in conjunction with intra-cerebral ventricu-
lar formalin injection, the brain yielded suitable
elasticity for surgical simulation. The ability of
the brain to be appropriately mobilized and to de-
velop the needed surgical field suggested that the
method could be used to improve head and brain
human body donor surgical training (Miyake et al.,
2020). Additionally, Humbert et al. (2022) utilized
Hammer’s modified Thiel technique to evaluate
the preservation method in comparison to forma-
lin-fixed and frozen heads. Assessing the models,
surgeons ranked the modified Thiel-preservation
technique the best for quality of dissection, tissue
identification, submandibular and parotid gland
dissections, and otologic surgery involving the
skin/eardrum, bone and muscle tissue. The modi-
fied technique was only not preferred for endona-
sal dissection. These results showed that the use
of modified preservation technique can improve
the quality of head and neck surgical anatomy



education similar to the findings of other studies
(Feigl et al., 2007; Humbert et al., 2022).

In a study performed by Yiasemidouetal. (2017),
researchers sought to evaluate Thiel-preserved
human body donors as high-fidelity simulators
over multiple surgical training specialties. It was
determined that in examining the preserved do-
nors over a broad range of specialties, anatomical
accuracy and tissue properties were rated very
positively, apart from preservation of the brain,
eyes, and blood vessels (Yiasemidou et al., 2017).
Several studies have also demonstrated the ben-
efits of working with Thiel embalmed donors for
ultrasound guided punctures and cricothyroidot-
omy (Benkhadra et al., 2008, 2009; Heymans et
al., 2016).

In evaluating Thiel versus formalin-embalmed
human body donors for thyroid surgery, Eis-
ma et al. (2011) determined that the Thiel-pre-
served human body donors better represented
real life surgical conditions. In assessing both
the Thiel-preserved and formalin-embalmed hu-
man body donors, Thiel-preserved donors were
preferred in all aspects including tissue quality
(quality of skin, fat, muscle, blood vessels, and
nerves), procedure perception (surgical position
of the patient for the operation, designing the in-
cision for the operation, making the incision, rais-
ing subplatysmal flaps, and retraction), and iden-
tification of structures (identification of muscular
structures, vessels, the recurrent laryngeal nerve,
and parathyroid glands) (Eisma et al., 2011).

In seeking to identify a suitable model for repre-
senting structures of the ear, Alberty et al. (2002)
determined that Thiel-preservation effectively
simulated temporal bone surgical training. Specif-
ically in evaluating surgical techniques on external
and middle ear structures, the structure and con-
sistency of tissues of the auditory canal, tympanic
cavity, and mastoid were regarded as comparable
to live tissue, while the cartilage of the auricle was
considerably softened (Alberty et al., 2002).

Additionally, Bailey et al. (2021) sought to im-
prove ME through the utilization of Thiel-pre-
served human body donors. It was determined
that the soft-preserved bodies were incredibly
valuable for not only practising physical exam-

inations and increasing participant confidence
in performing Lachman tests, but also because
live standardized patients (SPs) cannot reproduce
physical examinations findings.

In a study performed by Hoélzle et al. (2011),
Thiel-preserved human body donors were eval-
uated in the context of dental education and for
the teaching of oral surgery and implantology.
Results indicated that even after weeks, the body
maintained life-like tissue properties with the
same high quality of tissue, particularly within the
maxillary sinus membrane, mucosa, bone, and
nerves, making the soft-preservation technique
ideal for practising such oral procedures (Hoélak
etal., 2011).

In comparing fresh-frozen and Thiel-pre-
served human body donors for their suitability
in biomedical education and research purposes,
a study by Gatt et al. (2019) demonstrated there
were no statistically significant differences iden-
tified between the two models regarding the kine-
matics and kinetics of the embalmed feet. It was
concluded that such results indicated that the
kinematic and kinetic properties of fresh-frozen
and Thiel-preserved human body donor feet were
not dissimilar, suggesting that they could be inter-
changeable in ME and research (Gatt et al., 2019).

In assessing Thiel-preserved human body
donors in tropical weather, Reddy et al. (2017)
sought to modify and improve the utility of the
soft-preserved bodies in non-temperate climates.
Generally, while Thiel-preserved human body
donors have been accepted and effectively used
in temperate climates, their use in tropical loca-
tions has been limited due to the poor short-term
preservation outcomes. However, utilizing a mod-
ified Thiel-preservation technique, the soft-pre-
served bodies were successfully used for various
surgical simulation exercises, making the use of
Thiel-preserved human bodies more accessible
and sustainable in tropical countries and loca-
tions (Reddy et al., 2017).

Thiel-preservation has also been evaluated in
veterinary anatomy education. In a study con-
ducted by Nam et al. (2020), while Thiel-preserved
tissues were the most expensive embalming
method, they also were superior to formalin-fixed
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bodies for joint and muscle movement, lack of of-
fensive/irritating odor, preference by students for
identifying anatomical structures, and maintain-
ing muscle and internal organ color and texture
comparable to living animals.

Thiel-preserved human body donors have been
also evaluated for their viability in laparoscopic,
endoscopic, and microsurgical procedures. Porzi-
onato et al. (2014) identified Thiel embalmed hu-
man body donors as being viable learning models
for teaching transanal/transrectal and transvag-
inal Natural Orifice Transluminal Endoscopic
Surgery (NOTES). Additionally, Rashidian et al.
(2019) found that for training laparoscopic liver
surgery the Thiel-preserved human body donors
were considered to be superior to other training
modalities, including proctoring in the operating
room, virtual reality, video training, and practice
on pigs. A study by Ruiz-Tovar et al. (2019) deter-
mined that Thiel-preserved human body donors
were the optimal method for the simulation of
laparoscopic bariatric surgery over other teach-
ing modalities, including virtual reality simula-
tors and practice on animal models, owing to the
body’s ability to simulate life-like elasticity of the
tissues necessary for laparoscopic bariatric sur-
gery simulation. For evaluating Thiel-preserved
human body donors in laparoscopic Roux-en-Y

gastric bypass procedures, Zevin et al. (2012)
concluded that the model was superior to both
the porcine model and virtual reality simulation
by offering tactile practice, preserving tissue col-
or and consistency comparable to real life, and
allowing participants to practise patient position-
ing. And in a study performed by Odobescu et al.
(2019), Thiel-preserved human body donors were
regarded positively as high-fidelity simulation
models for training surgeons the basics of nerve
repair, preserving the fascicles, perineural, and
epineural sheaths well.

While the soft-preservation of human body
donors has been studied most utilizing the
Thiel-preservation technique, in seeking to fur-
ther improve ME and surgical skills training dif-
ferent soft-preservation techniques have been in-
vented and studied, including the Saturated Salt
Solution (SSS).

Saturated Salt Solution in ME

In seeking to identify an ideal human body do-
nor embalming/preservation technique for sur-
gical skills training, Hayashi et al. (2014) com-
pared formalin-fixed, Thiel-preserved, and SSS
methods based on bacterial/fungal cultures and
range of motion measurements (Hayashi et al.,
2014). Results from the study indicated that the

Table 1. Advantages and disadvantages of soft-preservation techniques.

Soft Preservation Techniques

Techniques Advantages Disadvantages Investigated Specialty
Pediatrics [21], TEVAR [22], En-
) . - Expensive doscopy [23], Brain Surgery [24],
Thiel Long term preservation - Immersion needed Temporal Bone [28], Oral Surgery

- Thoroughly investigated

- low levels of formaldehyde

[30], Liver surgery [35], Bariatric
surgery [37]

- Expensive

- Immersion needed
- Corrosive material

Saturated Salt - Long term preservation

Orthopedics [40], Oral Procedures
[41], Trauma Surgery [44]

- Formaldehyde & phenol present

- Inexpensive
ICL-sP - No immersion needed

- Inexpensive

- No immersion needed

- Long term preservation

- No formaldehyde & phenol

N-Vinyl-2-Pyrrolidone

- Inexpensive

Modified Larssen - No immersion needed

- Short term preservation
- Understudied
- Formaldehyde & phenol present

- Understudied

- Formaldehyde present
- Short term preservation

Surgical Skills [11], Gynecology
[44]

Laparoscopic Training [45]

Surgical Training [46]



SSS method sufficiently neutralized infectious
agents, produced bodies with flexible joints and
high-quality tissue for surgical skills training that
remained in good condition for a long period of
time as outlined in Table 1. This method also pro-
duced tissues acceptable for ultrasound imaging,
central venous catheterization, and incision with
cauterization and auto suture stapling (Odobescu
etal, 2019).

In the context of orthopedics specifically, Burns
et al. (2018) sought to further evaluate SSS in the
improvement of surgical skills training. Compar-
ing SSS-preserved human body donors to those
embalmed with formaldehyde or alcohol-glycol
solution, the SSS bodies were regarded as supe-
rior to the bodies embalmed in other methods,
producing joints with suitable motion, stiffness,
visual and tactile tissue fidelity, and odor suitable
for high-fidelity surgical skills training.

In the training of oral surgical skills, Watanabe
et al. (2019) determined that, after completion of
six procedures associated with intra- and extra-
oral bone harvesting with SSS-preserved bodies,
self-assessed confidence levels showed statisti-
cally significant increases. Additionally, in ex-
amining the anatomical features of the SSS-pre-
served human body donors, the oral mucosa and
skin were regarded as similar to living tissues
with bone tissue hardness and realism being
maintained, and all procedures offering sufficient
realism at lower preparation and storage cost,
with minimal odor (Watanabe et al., 2019).

Evaluating SSS-preserved human body donors
for the surgical simulation of trauma surgeries,
Homma et al. (2019) concluded that SSS-pre-
served bodies are useful for surgical skills train-
ing, especially surgical repairs. Results specifical-
ly indicated that SSS bodies were more suitable
than formalin-fixed bodies for surgical skills
training and that participants in the study showed
increased self-assessed confidence after com-
pletion of the trauma surgery seminar after half
a year, with the exception of external fixation for
pelvic fracture (Homma et al., 2019).

In a study by Nam et al. (2020), authors evalu-
ated SSS-preserved, Thiel-preserved and forma-
lin-fixed tissues. Tissues preserved by SSS were

more expensive than formalin-fixation and less
expensive than Thiel-preservation, but, like the
Thiel-preserved tissues, the SSS-tissues facilitat-
ed superior joint and muscle movement in com-
parison to formalin-fixed tissues, preserving life-
like muscle and internal organ color and texture,
with no offensive smell, and being preferred by
students for identification of anatomical struc-
tures (Nam et al., 2020).

Soft-preservatives have also expanded into phe-
nol-based solutions including the Imperial Col-
lege of London — Soft-Preservation (ICL-SP) tech-
nique.

Imperial College of London - Soft-Preservation in ME

A limited number of studies have investigated
the ICL-SP technique compared to the Thiel and
SSS embalming techniques. A study by Venne
et al. (2020) compared Thiel-preservation to
phenol-based preservatives such as the ICL-SP
technique. This study concluded that donors em-
balmed using a phenol-based technique had sim-
ilar features to that of Thiel embalmed donors.
Results of the study indicated that all participants
rated the phenol-based tissues consistently bet-
ter or equivalent to the Thiel-preserved tissues
for surgical skills training, there was no statisti-
cally significant difference in tensile elasticity
between ICL-SP tissue and fresh tissue, and the
phenol-based technique better preserved skin
histologically (Venne et al., 2020).

In a study directly investigating the utility
ICL-SP donors in the training of gynecologi-
cal oncologists, Barton et al. (2009) concluded
that soft-preserved bodies should be used over
formalin-fixed in surgical training. It was not-
ed that while the trainees’ anatomical knowl-
edge was initially weak, as the surgical skills lab
progressed through surgical dissection of the
abdomen and pelvis, subspecialty participant
knowledge improved markedly, represented by
pre- and post-skills lab evaluations (Barton et al.,
2009).

Another soft-preservation technique developed
in order to circumvent the health hazards and
overhardening associated with formalin-based
solutions is N-vinyl-2-pyrrolidone.
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N-Vinyl-2-Pyrrolidone in ME

In a study performed by Nagase et al. (2022),
it was determined that donors preserved using
N-vinyl-2-pyrrolidone had soft and pliable tissue
that lasted up to thirty-seven months without any
change in the quality of tissue. In the review, they
also introduced the preservation technique in
surgical and medical procedural training, includ-
ing endotracheal intubation, motion physiology of
the vocal folds, laparoscopic and endoscopic pro-
cedures, and the development of medical devices
(Nagase et al., 2022).

An embalming technique that also sought to
mitigate the disturbing smell, mucosal irritation,
discoloration, and rigidity associated with forma-
lin-fixation was the modified Larssen solution.

Modified Larssen Solution in ME

In seeking to identify an appropriate and af-
fordable embalming technique that preserved
tissue color, texture, pliability, and flexibility for
numerous repeated surgical trainings, Bilge and
Celik (2017) concluded that Modified Larssen
Solution (MLS) effectively served as a sustainable
and cost-effective embalming method for surgical
training. Results indicated that skin color did not
change after MLS perfusion, and that the color of
muscles, fasciae, fatty tissue, nerves, and vessels
were determined to be life-like for both open and
laparoscopic procedures. Additionally, MSL-pre-
served bodies had no irritating odor, exemplified
elbow flexion comparable to fresh-frozen human
body donors, and the tissue properties mimicked
life-like tissues for several weeks without chang-
ing (Bilge and Celik, 2017).

Finally, a study performed by Balta et al. (2018)
sought to compare the effects of embalming flu-
ids on the structures and properties of tissues
in human body donors. The quality of tissue did
not change in an ICL-SP embalmed donor for 4-6
months. When comparing formalin, genelyn,
Thiel and ICL-SP techniques, the results showed
that formalin and genelyn solutions decreased
joint mobility and Thiel technique increased mo-
bility. Genelyn is a commercially available solu-
tion that does contain formaldehyde (Balta et al.
2015). ICL-SP joints demonstrated similar range

of motion to their unembalmed measurements,
indicating that ICL-SP faithfully mimics the joints
of unembalmed bodies and would be ideal for
the simulation of orthopedic and rheumatolog-
ic training. The study also sought to evaluate the
effect of embalming solutions on internal organs
and vessels. Results indicated that formalin-based
solutions better maintained the shape of the or-
gans and vessels investigated than did Thiel-pre-
served. It was noted that formalin is necessary in
order to retain the size and shape of organs and
vessels under study owing to the formaldehyde’s
fixing abilities, while solutions without strong fix-
ing agents result in collapsing tissues (Balta et el.,
2018).

CURRENT UTILITY AND FUTURE OF
SOFT-PRESERVATION IN MEDICAL ED-
UCATION

Within the context of reduced work hours and
an increased scrutiny of patient safety, there is an
unmet need for more realistic and cost-effective
training tools in ME. These modern constraints
have led to an increased reliance on simulation
to provide opportunities for simple and complex
skill acquisition outside of clinical practice. Sim-
ulation in ME decreases stress, increases confi-
dence, and allows for a mitigation of the learning
curve for the medical trainee, particularly for pro-
cedural-based skills. While formaldehyde-fixed
human body donors allow for accurate identifica-
tion of relevant anatomy, soft-preserved models
provide an invaluable experience for learners as
cost-effective realistic simulation.

As evidenced in the studies previously cited,
soft-preserved human body donors provide a
more realistic model that has been proven effec-
tive in ME and training across specialties. As the
models can be utilized for several months, a sin-
gle donor can be efficiently utilized for numerous
different procedure-specific or anatomic-based
labs. Future studies should focus on compara-
tive effective analyses of soft-preserved models
compared to other high-fidelity models and the
integration of additional techniques to better
simulate a real patient experience (i.e., perfused
models). It would be also important to perform an
in-depth critical analysis of the benefits of human



body donor simulation through an assessment of
students’ skill development (objective measures
of skill development/acquisition) and how these
may potentially translate to improved patient out-
comes.

CONCLUSION

Increasingly in the 215 century, there is a myr-
iad of different simulation methods, embalming
techniques, and innovations in technology that
have benefit in ME. While many of them show im-
mense promise and future potential, most have
distinct drawbacks and are still in the infancy of
their implementation, and/or are lacking in some
capacity, being unable to wholly simulate and rep-
resent the immense variability of the live human.
In seeking to emulate the unembalmed human
body as accurately as possible, embalming and
preservation techniques have evolved in order to
circumvent and overcome the distinct drawback
of traditional formalin-embalming techniques.

The purpose of this review was to provide an
overview of the diversity of soft-preservation
techniques presently available. Only once more
research is performed on less readily known
preservation techniques such as SSS, ICL-SP,
N-Vinyl-2-pyrrolidone, and MLS, and direct com-
parison is performed against Thiel-preservation
and fresh-frozen human body donors, can an op-
timal embalming solution be identified for future
ME practices. However, as of now it is vital that us-
ers assess each embalming method and identify
which techniques are optimal given their unique
educational needs.
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