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Morphometric Assessment of the Greater Palatine Foramen with the
Adjacent Anatomical Landmarks

Abu Ubaida Siddiqui*, Kusum Rajendra Gandhi**, Syed Rehan Hafiz Daimi**,
Sudhir Saxena***, Soumitra Trivedi*, Manisha B. Sinha*, Mrithunjay Rathore*

Original Article

Abstract

Introduction: Blocking of the maxillary branch of the trigeminal nerve and its branches is a widely
practiced procedure in numerous surgeries of the region such as dental implants in the posterior maxilla,
maxillary sinus elevation and surgery in the maxillary quadrant, periodontal procedures, tooth extraction
and abscess drainage. The route most commonly utilized in the oral cavity is through the Greater Palatine
Foramen (GPF). GPF leads to the palatine canal which gives passage to the greater palatine nerve and
vessels. The various published descriptions of the positional geometry of the GPF in the skull are in a
much generalized manner without scarce information on the minor details. Methods: The present study
was undertaken to define the exact position of GPF in relation to the well defined anatomical landmarks
in the maxilla of Indian skulls We studied 98 adult dried, unsexed human skulls. The measurements
were taken with the help of stainless steel pointed caliper, scale in millimeters and a needle to show the
direction of opening of the GPF. Results: The GPF was located opposite the maxillary third molar tooth in
72.44% of skulls. The direction of opening was forward and medially in 69.4%. The distance of the centre
of the GPF to the posterior border of the hard palate was 14 mm on right and left side. Conclusion: These
measurements shall assist the clinicians and interventionists to localize the GPF with far greater accuracy.
These findings accrue interest as they can reduce the attempts needed to introduce local anaesthetic
agents in surgeries involving the maxillofacial region as well as other dental procedures.

Keywords: reater palatine foramen; Incisive foramen; Hard palate; Maxillary molar teeth.

Introduction

The hard palate is an essential region of the
skull formed by two palatal processes of the
maxilla and two horizontal plates of the
palatine bones.  These bones are interlinked
by a cruciform suture. Greater palatine
foramen (GPF) is the foramen in the postero-
lateral border of the hard palate through
which the greater palatine nerves and vessels

pass to supply most of the palatal region.
Greater palatine nerve is the branch of
maxillary nerve which contains sensory and
secretomotor fibers to nasal, palatine and
pharyngeal glands.  Greater palatine nerve
descends through the greater palatine canal,
emerges on the hard palate from the GPF, then
it traverses forward in a groove on the inferior
surface of the bony palate almost to the incisor
teeth and supplies the gums and the mucosa
and glands of the hard palate.

The greater palatine nerve block is widely
used and is an effective method of attaining
anesthesia of the hemi maxilla in various
surgical modalities. The published analyses of
the geometrical position of this foramen in the
human skulls have not been very consistent
and even the standard anatomy textbooks
describe the foramen only in a much
generalized way e.g. near the lateral palatal
border[1], medial to the last molar tooth.[2] The
present study was undertaken to define the
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accurate position of the GPF relative to
anatomical landmarks in the maxilla of Indian
skulls.

Material and Methods

The present study was conducted on 98
normal human adult, dried, unsexed skulls
available in the departmental collection of the
participating institutes. All the skulls studied
were free of any pathological changes. Well
defined and unequivocal points were
identified for the measurements.  The
measurements were taken with the help of
pointed stainless steel sliding caliper, scale in
mm and a needle to show the direction of
opening of the GPF. All measurements were
done bilaterally and directly on the dry skull.
Each skull was examined for the following:

a) The location of the GPF in relation to the
maxillary molar tooth,

b) Distance from the medial wal l of the GPF
to the midline maxi llary suture (M M S),

c) Distance of the posterior w al l of GPF to
the posterior border of hard palate,

d) Direction of opening of the GPF on to the
hard palate,

e) Distance from the anterior border of GPF
to the incisive foramen (IF),

f) The angle between the M M S and the line
passing from the incisive foramen to the
GPF (GIM  Angle).

Results and Discussion

The present study indicated that the
location of the GPF in relation to the maxillary
molars is variable, as reported by former
authors. The location of GPF to the maxillary
molars is shown in Table I.

In 72.44% the GPF was located opposite the
third molar tooth, in 23.9% it was between
the second and third molar teeth and in 3.06%
the GPF was behind the third molar tooth. The
distance of GPF to the mid maxillary suture

was variable from 12 mm to 18 mm (mean 14
mm) on both right and left side. The mean
distance of GPF from the posterior border of
hard palate was consistent bilaterally, at a
mean distance of 3.4 mm. The mean distance
from the anterior wall of GPF to the posterior
border of incisive foramen was 28 mm and 32
mm on right and left side respectively.

The knowledge of direction of opening of
the greater palatine canal on to the hard palate
is essential to deliver the injections efficiently.
We found the direction of opening was
forward and medially in 69.4% followed by
forward in 23.4% and forward and laterally
in 7.2% of cases (Table II).  The mean angle
between the MMS and the line from the
incisive foramen and the GPF (GIM angle) was
21.2°on the right side and 21. 5° on the left
side in 76% of the cases. In rest of the specimen,
it was 22.9° on both the sides. A comparative
analysis of the directions encountered by other
workers is shown in Table III. These findings
are of interest as it can reduce the attempts
needed to introduce local anesthetic agent in
the maxillofacial surgeries. A bony projection
along the posterior margin of the GPF was
observed in 28.3% of cases. It is formed by the
raised posterior margin of the greater palatine
foramen.

According to Saralaya and Nayak[3] the
GPF was located medial to the maxillary third
molar in 74.6% of cases, and Ajmani[4] found
the GPF medial to third molar in 48% in
Nigerian and 64% in Indian skulls. Slavkin et
al reported that the GPF was located 1-3 mm
distal to the maxillary third molar in adult
skull.[5] Westmoreland and Blanton studied
on three hundred skulls and reported that in
57% the GPF was located opposite or distal to
the third molar tooth, the same in only in 6%,
in 9.7% the GPF was medial to the second
molar tooth.[6] The GPF was located opposite
the third molar tooth in 76% of Kenyan skulls
whereas in Chinese skulls it was commonly
located between the second and third
maxillary molar teeth. Chrcanovic R B et al
studied on 80 Brazillian skulls and found that
in 54.87% the GPFs were opposite to the
maxillary third molar, 38.94 of foramina were

Abu Ubaida Siddiqui et al / Morphometric Assessment of the Greater Palatine Foramen with the
Adjacent Anatomical Landmarks
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Table I: Variation in the location of GPF in relation to maxillary molars in Indian skull

Table II: The direction of opening of GPF in the oral cavity

Table III: Comparison between studies in various geographical regions on the direction of
opening of the foramen onto the palate

NA: Not Available

distal to third molar, and 6.19% between the
second and third molars.[7] In the present
study we found 72.44% of the GPF were
located opposite the third molar tooth, in
23.9% between the second and third molar
teeth and in 3.06% the GPF was behind the
third molar tooth. These studies suggest that
the position of GPF differs between ethnic
groups. Furthermore it is very interesting to
note that different studies from same country,
India, reported data that differed among
themselves in percentage of location of GPF
in relation to the molar tooth, mean distance
of GPF-PBHP and variation in the opening of
the GPF onto hard palate. This suggests that
large variation may also exist in the same

population. The variability in the position of
GPF may be because of change in the position
with relation to the development of the molars.

The distance of GPF from the posterior
border of hard palate was consistent
bilaterally, at a mean distance of 3.4mm.
Ajmani reported this distance as 3.5 and 3.7
mm in Nigerian and Indian skulls respectively.
[4] Westmoreland and Blanton[6] found a
mean distance of 1.9 mm from PBHP, Wang
et al[8]  4.11 mm and Methatharip et al[9]
found the GPF 2.1± 1.3 mm anterior to the
posterior border of hard palate. Saralaya and
Nayak[3] observed a mean distance of 4.2 mm
in 132 skulls.(Table IV). Variability in the

Table IV: Distance of GPF from Post border of hard palate

Relation 

to maxillary molars 
Right side Left side Total Percentage 

Betw een second and third molars 12 11 23 23.9 

Opposite the  third molars 35 36 71 72.44 

Posterior to third molars 2 1 3 3.06 

 

D irection of  the foram en Rig ht side Lef t side  Tota l Percentage 

Forw ard 12 11  23  23.4  

Forward and m edial  34 34  68  69.4  

F orw ard an d la te ra l 3 4  7  7 .2 

Tota l 49 49  98  100 

S tu d y N a t io n a li ty  D ire ction  o f  op en in g  of  G P F 

  
A n te ro 

me d ia l 
An ter io r A nter o  late ra l V e rt ica l 

H as a na li a n d M w a n iki (1 98 4 ) K e ny an  7 6.0  N A  N A 2 4.0  

W an g  et  al  (1 9 88 ) C h in es e  N A  9 0 .5  N A 9 .5  

A jm an i (19 9 4)  
N ige ria n  5 8.7  N A  38 .7 3  

Ind i an  9 1.4  N A  N A N A  

S a ra la ya  an d  N a ya k (20 07 )  Ind i an  4 6.2  4 1 .3  12 .5 N A  

C h rca no vic  B R  a n d  C u s t od io A L  (2 0 1 0) B r az ili an  1 8.7 5  6 9 .38  0 1 1 .8 7  

O u r s tud y  

(2 01 2 ) 
Ind i an  6 9.4  2 3 .4  7 .2 0  

 

S tu d y N ation a lity 
D is tan ce  o f G P F f rom  

 P ost  b ord er of  h ar d  p a late (m m ) 

M e th ath ar ip  (2 005 ) T ha i 2 .1 

W an g et  al (19 8 8)  C hin e se  4 .1 

A jm an i (19 9 4 ) 
N ig eri an  3 .5 

In d ia n 3 .7 

S a r ala ya  a nd  N a ya k (200 7) In d ia n 4 .2 

W estm o re lan d  an d  B la nton  (1 9 82 )  
A m er ica n 

(Eas t  In d ian)  
1 .9 

O u r stud y 

(2 0 12 ) 
In d ia n 3 .4 
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Photograph 1: Showing Hard palate, GPF
(Greater Palatine Foramen), IF (Incisive
Foramen), M2 ( Maxillary Second molar
tooth), M3 (Maxillary third molar tooth), MMS
(Midline Maxillary Suture), GPF-PBHP (
Distance between posterior wall of GPF to the
posterior border of hard palate), GPF-MMS
(Perpendicular distance from medical wall of
GPF to the MMS), GIM Angle (The mean angle
between the MMS and the line from the IF and
the GPF (GIM angle-red asterix)

Photograph 2: Showing the direction of
opening onto the hard palate (antero-
medially)-blue arrow

location of the foramen may be related to the
sutural growth occurring between the maxilla
and the palatine bones. The anteroposterior
dimension of the palate increases with the
eruption of the posterior teeth.

In order to administer injections,  the

direction of the opening of the greater palatine
canal should be kept in mind. Ajmani found
that the opening of the foramen was directed
in an anteromedial direction in 58.7% Nigerian
and 91.4% Indian skulls.[4] In 38.7% of
Nigerian skulls the direction of opening was
anterolaterally pointing towards maxillary
molars. Saralaya and Nayak reported it was
forward and medially in 46.2% and forward
in 41.3%.[3] In Brazilian skulls the direction
of opening was anterior in 69.38% followed
by anteromedial in 18.75% and vertical in
11.87%. In present study the direction was
forward and medially in 67.3% followed by
forward in 23% and forward and laterally in
9.78% of cases. These variations explain that
the occasional difficulty encountered during
insertion of the needle into GPF. If observed
geographically, in Indian skulls the opening
is directed anterior or anteromedially whereas
in Chinese skull it is anterior or vertical and in
Kenyan skulls the opening is anteromedial or
vertical.

The distance from the MMS and PBHP to
the GPF also showed variation in the
literature. According to Westmoreland and
Blanton, the distance GPF-MMS on the right
had a mean of 14.8 mm and 15 mm on the
left.[6] Ajmani mentioned a distance of 15.4
mm from the sagittal plane in Nigerian skulls
and 14.7mm on the right and 14.6mm on the
left in Indian skulls [4]. Saralaya and Nayak
reported 14.7 mm on both sides [3]. Wang et
al found it 16 mm.[8] Chrcanovic et al reported
it as 14.68 mm on right and 14.44 on the left
side.[7] We found this distance as 14.61 mm
on the right and 14.7 mm on the left side.

A bony projection, formed by the raised
posterior margin of the foramen was observed
in 21% of cases. Ajmani[4] mentioned this
bony projection in 24.6% whereas
Westmoreland and Blanton[6] in 16% of
skulls. This projection may be helpful in
preventing the clinical hazards associated
with the injection by obstructing the needle.
The distance from the GPF to the incisive fossa
was 37.3 mm on left side and 37.2 mm on the
right side in the study of Saralaya and Nayak
[3] which was similar to the findings of the
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Chrcanovic et al.[7] We found this distance to
be 28mm and 32 mm on right and left side
respectively. The mean angle between the
MMS and the line joining the incisive foramen
to the GPF was almost equal on both the sides
(right=22.12°; left= 23.3°). Saralaya and Nayak
reported small difference between two sides
(right= 21.1°; left=21.2°).[3] These data will
be helpful in comparing the skulls with those
of the skulls of different other regions as well
as comparing the skulls of different races. It
also provides the anatomical references to
block the maxillary division of the trigeminal
nerve through the GPF accurately to avoid the
risk of haematoma resulting from the vein
puncture of the pterygoid plexus.

Summary and Conclusion

The GPF was related opposite to the third
molar tooth in 72.44% of cases which was
consistent with Hasanali[10], Saralaya and
Nayak.[3] The direction of opening of GPF to
the palate is forward & medial in 69.4% of
cases which is in accordance of Ajmani,[4]
Chrcanovic[7] & Hasanali.[10] The GIM angle
was 21.2 in 76% of cases. The present findings
accrue an additional interest as these can assist
the interventionists in reducing the attempts
required to inject local anesthetics in the
numerous maneouvres involving the
maxillofacial region as a whole and the dental
procedures in particular.
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Vertical Orientation of Cervical Part of Vertebral Canal in the Human
Foetuses
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Abstract

In a morphometric study of normal human foetuses the size and shape of foetal spinal canal was
evaluated to determine the reference values for the cervical part of vertebral canal. 30 human foetuses
were dissected which were divided in five different groups I to V with gestational ages of less than 17, 17-
20, 21-25, 26-30 and more than 30 weeks respectively. The foetuses were dissected and vertebral canal
was exposed in coronal plane. Length of cervical part of vertebral canal and transverse diameters at
different vertebral levels were recorded by the help of vernier caliper. The widest part of cervical vertebral
canal was observed in the upper segment in first three groups, middle in group IV and in the lower part
in foetuses of group V. Aforementioned parameters showed a steady but variable rate of growth with
increasing gestational age.

Keywords: Cervical; Foetus; Morphometry; Vertebral canal.

Introduction

Although developmental process during
first two months of intrauterine life i.e.
embryogenesis, has been thoroughly
investigated, features during postembryonic
period i.e. foetal anatomy, has received very
little attention. Detailed study on foetal
anatomy by some of the investigators recently
has proved that there are enormous facts of
the subject yet to be explored.[1-3]

Foetal anatomy is the emerging specialty in
itself, for the diagnosis and treatment of
various neural tube defects. The prerequisite
for the early diagnosis of disorders is the

accurate knowledge of normal spine
appearance at different gestational age. In
humans, most foetal operations are performed
between 18 and 30 weeks of gestation.[4]

Some workers gave a detailed account of
foetal development of cervical spine and spinal
cord by using different imaging techniques.
Remes standardized the morphometry of
cervical vertebral bodies in humans during
postnatal period and found it to be reliable
indicator to study the growth pattern.[5]

Different studies found direct correlation
between cervical vertebral morphology of
foetuses and newborns with gestational
age.[6,7] Castellana and Kosa provided
information about morphology of the cervical
vertebrae in the foetal-neonatal human
skeleton but their main focus was to highlight
the ossification centres.[8] Bradley studied
normal and abnormal cervical canal by using
myelography.[9]

But none of the aforementioned workers
provided accurate measurements of various
parameters of cervical part of vertebral canal
in different foetal age groups. In our study we
have not only collected quantitative
informations i.e. length and diameters, by
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direct measurements of cervical canal but also
highlighted changes in vertical shape of the
same in coronal plane in different gestational
age groups.

Materials and Methods

Thirty foetal cadavers comprising of equal
males and females were collected from
museum of Department of Anatomy, TMMC,
TM U, M orad abad . Ethical clearance was
obtained from Institutional Ethics Committee.

Gestational age was determined with the
help of foetal foot length.[10] For the purpose
of study 30 foetuses were divided into five
groups I, II, III, IV and V with gestational age
< 17, 17-20, 21-25, 26-30, >30 respectively,
with six foetuses in each group.

A vertical cutaneous incision extending
from external occipital protuberance to natal
cleft was made on the back of the foetus.
Vertebral canal was opened with the help of
scissor which was introduced in sacral hiatus
on either side of midline then continued
upwards, till it reached the posterior arch of
atlas. Spinal cord was removed before
measuring the cervical part of canal with the
help of Venire calipers. Length of the cervical

part of vertebral canal was taken from upper
border of posterior arch of atlas to lower
border of seventh cervical vertebral body (Fig.
1). Transverse diameter of cervical vertebral
body was measured at different vertebral
levels. Readings were analyzed by using
Students‘t test.

Results

Length of cervical part of vertebral canal
showed steady growth with increasing
gestational age (Table 1). The growth was
statistically insignificant between group I and
group II foetuses. Thereafter the growth was
highly significant (p value <0.001) with
percent change ranging from 14 to 24.
O’Rahilly observed vertebral column of nine
embryos of 8 postovulatory weeks and
compared the lengths of different regions i.e.
cervical, thoracic,  lumbar, sacral and
coccygeal without mentioning the length of
cervical canal, though the total length of
vertebral column (20-23 mm) was well
documented.[11]

In our experiment we compared the
transverse diameters of cervical spinal canal
at different cervical vertebral levels in the same
group of foetuses to determine the vertical
shape of canal in coronal plane (Table2-6).

Transverse diameter of vertebral canal in
first foetal group at the level of 1st cervical
vertebra was 3.15 mm which is increased to
4.5 mm (p value < 0.001) at C

2
 level (Table 2).

Then upto C
4
 there was no significant change

but then there was reduction in diameter at
the level of C

5
 making it 3.43mm. It again

increased significantly to reach the value of
4.15mm at the level of C-6 which continued
upto C-7 without any change (Table 2).

In second foetal group the transverse

Nidhi Sharma et al / Vertical Orientation of Cervical Part of Vertebral Canal in the Human Foetuses

Figure 1: Measuring length of cervical part
of vertebral canal by vernier caliper

G rou ps  N o. of cases  ( n ) M ea n ± S .D . P er ce n t ch an ge T va lu e  P val u e 
I 6 1 8.19 ±  2. 87 _  _  _ 

II 6 1 9.98 ±  0. 66 + 1 0 0 .17  Ins ignifican t 

III  6 2 4.85 ±  0. 13 + 2 4 6 .9  < 0.0 01  

I V 6 2 8.28 ±  0. 13 + 1 4 6 .78  < 0.0 01  

V  6 3 3.57 ±  0. 06 + 1 9 8 .87  < 0.0 01  

 

Table 1: Length of cervical part of vertebral canal (mm)
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Table 2: Transverse diameter of cervical vertebral canal at different levels of cervical
vertebrae in group I foetuses

Nidhi Sharma et al / Vertical Orientation of Cervical Part of Vertebral Canal in the Human Foetuses

C ervica l ve rtebral level M easure ments (m m) Per c ent change T val ue  P va lue 
1 st 3 .1 5 ±  0.0 4 _ _ _  

2 n d 4.5  ±  0 .06  + 43  6.75 < 0. 00 1 
3 rd  4 .2 3 ±  0.5 2 -6  0.23 Insignif ican t 

4th  4.3  ±  0 .13  + 2 0.79 Insignif ican t 

5th  3 .4 3 ±  0.1 2 -20 2.66 < 0. 00 1 
6th  4 .1 5 ±  0.1 8 + 21  8.46 < 0. 00 1 

7th  4 .1 3 ±  0.1 9 -0 .5 0.82 Insignif ican t 

 

Table 3: Transverse diameter of cervical vertebral canal at different levels of cervical
vertebrae in group II  foetuses

C ervica l ve rte b ra l leve l M ea sureme n ts  (m m) Pe rce n t cha ng e T v alue  P val u e 
1 st 4.1  ± 0 .08  _  _  _  

2 n d 4.5  ± 0 .06  +1 0 5 .8 2 <0.0 01  
3 rd 4.5  ± 0 .05  0  0 .6 3 Ins ignifican t 

4t h 4.7  ± 0 .03  +4  4 .1 4 <0.0 01  

5t h 4.3  ± 0 .16  -9 0 .00 4 Ins ignifican t 
6t h 4.5  ± 0 .04  +5  0 .0 5 Ins ignifican t 

7t h 4.5  ± 0 .13  -0 0 .6 7 Ins ignifican t 

 

diameter of vertebral canal increased
significantly between 1st and 2nd cervical levels
and 3rd and 4th cervical vertebral levels only
(Table 3). This made the cervical canal wider
in lower part as compared to upper one (Fig
2), possibly to accommodate the cervical
enlargement of spinal cord. This also
highlighted the importance of upper limbs
compared to head and neck in terms of
innervations.

In third group transverse diameter of
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C 6
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Vertebral 
Levels

Group II

Fig 2: Vertical orientation of cervical part of vertebral canal in coronal plane in groups I,
II, III human foetuses

cervical vertebral canal showed a significant
decrease only between 5th and 6th cervical
vertebral levels making most of the upper
cervical canal wider compared to lower one
(Fig 2), possibly again to accommodate the
cervical enlargement as well as nuclei of
cervical plexus (Table 4).This highlighted the
importance of both head and neck, upper limb
in group III foetuses in terms of development.

The transverse diameter of 6.6 mm in group
IV foetuses at 1st cervical vertebral level
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showed no change upto 3rd cervical vertebra
but the measurement significantly increased
to 6.9 mm at C

4
 level. It continued to C

5

without any change but then there was
significant reduction to make the reading 6.6
mm only at C

6
 level which continued upto C7

without any change (Table 5). The cervical
canal therefore was widest between C-4 and
C-5 vertebral levels located between upper and

lower narrow segments (Fig 3). This might be
due to fact that in foetal spinal cord, 5th

segment was widest part of cervical
enlargement as reported by Fountas et al[12]
and Ko et al.[13]

 The transverse diameter of spinal canal in
V foetal group from level of C

1
 to C

4
 showed

no significant change but at C
5
 level it

Table 4: Transverse diameter of cervical vertebral canal at different levels of cervical
vertebrae in group III   foetuses

C ervical vertebral level M easurements (m m) Percent chang e T v alue P value 
1st 5.85 ± 0.05 _ _ _ 

2 nd 5.53 ± 0.03 -5 1.37 Insignificant 
3 rd 5.59 ± 0.05 +1 0.02 Insignificant 

4th 5.56 ± 0.04 -0.5 0.22 Insignificant 

5th 6.3 ± 0.04 +13 1.23 Insignificant 
6th 5.38 ± 0.25 -14 4.44 <0.001 

7th 5.88 ± 0.14 +9 0.02 Insignificant 

 

Table 5: Transverse diameter of cervical vertebral canal at different levels of cervical
vertebrae in group IV foetuses

C ervical vertebral level M easurements (m m) Percent chang e T v alue P value 
1st 6 .6  ± 0.06 _  _  _  

2 n d 6.5  ± 0 .02  -2 0 .008 Insignificant 
3 rd 6 .5  ± 0.09 0  0 .68 Insignificant 

4th 6 .9  ± 0.03 +6  5 .08 <0.001 

5th 7 .1   ± 0 .1 +3  0 .004 Insignificant 
6th 6 .6   ± 0 .1 -7 8 .12 <0.001 

7th 6 .5  ± 0.02 -2 0 .24 Insignificant 
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Fig.3: Vertical orientation of cervical part of vertebral canal in coronal plane in groups IV
and V human foetuses
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increased to 7.8 mm which remained the same
at the lowest level of cervical spinal canal
(Table 6). The wide lower segment again
accommodated the cervical enlargement
which increased in size due to well developed
upper limbs in late foetuses.

Discussion

The most interesting finding in our study
was the change in shape of vertical orientation
of canal in coronal plane with gestational age.
In early groups of foetuses the canal is wider
in upper than the lower part. In group IV
foetuses the canal was wider in the middle
than its extremes i.e., at the upper and lower
parts. The largest foetuses of V group showed
lower half being wider than upper half. The
latter was more like adult in which maximum
transverse dimension was reported at the level
of C6 and C7 vertebrae (Flyn).[14] Moreover
the wider upper cervical spinal canal observed
in small foetuses of earlier groups could be
explained by the facts that in smaller foetuses
head was relatively larger receiving
innervations from upper cervical spinal
segments. With the relatively faster growth of
forelimbs in older foetuses, the cervical
enlargement came into existence making the
lower part of canal wider. The latter provided
origin to roots of brachial plexus.

The knowledge of the parameters and shape
of the vertebral canal at different gestational
age will prove to be helpful in early diagnosis
of the defect in embryological development.
Some workers believe that congenital
malformations follow two hit
hypothesis.[15,16] According to this
hypothesis the initial error is the defect in

embryological development and secondary
injury occurs throughout the gestation with
continuous damage to exposed neural tissue.
Intra-uterine repair may improve the
neurologic outcome by decreasing the
secondary damage.

Conclusion

With increasing interest in intrauterine
foetal surgeries for corrective developmental
defects, these parameters at different
gestational age will prove to be helpful in early
diagnosis of disease as well as in deciding the
prognosis of disease. Besides this, parameters
showing steady growth also seemed to be
important in determination of gestational age
and therefore of great medicolegal importance
too.
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Abstract

Effective pain control is one of the most important aspects of dental care and maxillofacial surgery..
Having broad knowledge of anatomy is essential for practicing dentistry. The main difficulty with the
traditional approach to the mandibular nerve block is the absence of consistent anatomical landmarks.
The Significant advantages of the Mandibular nerve block over Inferior Alveolar nerve block include its
higher success rate and the absence of problems with accessory sensory innervation to the mandibular
teeth.  Extraoral mandibular nerve blocks can be attempted in cases of Trismus . However this approach
of MNB is not conventional due to unavailability of surface landmarks . The aim of this study is to specify
landmarks in dissected cadaveric specimens that will act as a guide for an easy approach to  Extraoral
Mandibular nerve  block(EOMNB).  Our study revealed that, in a case of EOMNB , the average distance
from centre of base of tragus to the point of needle entry is 1.44 ± 0.15 cm.The average depth  the needle has
to pass from the skin surface perpendicularly to reach the trunk of the mandibular nerve for a proper
dissipation of dye to occur is 4.26 ± 0.33 cm.

Keywords:  Mandibular nerve; Extraoral mandibular nerve block.

Introduction

Effective pain control is one of the most
important aspects of dental care and
maxillofacial surgery. Having broad
knowledge of anatomy is essential for
practicing dentistry. The nerves in relation to
the parasympathetic ganglia located in the
cranial part of the autonomic nervous system,
are located very deep e.g. the mandibular
nerve is related to the otic ganglion right
beneath the oval foramen. The deep location
of the nerve in the infratemporal fossa makes

it quite inaccessible for mandibular nerve
block.

The main difficulty with the traditional
approach to the mandibular nerve block is the
absence of consistent anatomical landmarks.
Multiple authors have described numerous
approaches to this often elusive nerve.[1,2]
Indeed, reported failure rates for the MNB(
Mandibular Nerve Block) are commonly high,
ranging from 31% and 41% in mandibular
second and first molars to 42%, 38%, and 46%
in second and first premolars and canines,
respectively,[3] and 81% in lateral incisors.[4]
N ot only is the M andibular nerve elusive,
stud ies usi ng u l t r asound [5]  and
radiography[6,7]  to accurately locate the nerve
bundle revealed that accurate needle location
did not guarantee successful pain control
specially if the inferior alveolar nerve is
approached which seems an easier approach.
[8] This difficulty in achieving mandibular
anesthesia has over the years led to the
development of alternative techniques to the
traditional (Halsted approach) inferior
alveolar nerve block. These have included the
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Gow-Gates mandibular nerve block,[9] the
Akinosi-Vazirani closed-mouth mandibular
nerve block,[10] the periodontal ligament
(PDL, intraligamentary) injection,[11]
intraosseous anesthesia,[12] and, most
recently, buffered local anesthetics.[13]
Although all maintain some advantages over
the traditional Halsted approach, none is
without its own faults and contraindications.
The introduction of the Gow-Gates mandibular
nerve block in 1973 spurred interest in
alternative methods of achieving anesthesia
in the lower jaw. In 1977, Dr. Joseph Akinosi
reported on a closed-mouth approach to
mandibular anesthesia.[14] Although this
technique can be used whenever mandibular
anesthesia is desired, its primary indication
remains those situations where limited
mandibular opening precludes the use of other
mandibular injection techniques. Such
situations include the presence of spasm of the
muscles of mastication (trismus) on one side
of the mandible after numerous attempts at
IANB(Inferior Alveolar  Nerve Block), as might
anesthesia adequate to extirpate the pulpal
tissues of the involved mandibular molar.
When the anesthetic effect resolves hours later,
the muscles into which the anesthetic solution
was deposited become tender, producing some
discomfort on opening the jaw. During a
period of sleep, when the muscles are not in
use, the muscles go into spasm (the same way
one’s leg muscles might go into spasm after
strenuous exercise, making it difficult to stand
or walk the next morning), leaving the patient
with significantly reduced occlusal opening in
the morning. If it is necessary to continue
dental care in the patient with significant
trismus, the options for providing mandibular
anesthesia are extremely limited. Inferior
alveolar, Gow-Gates or Akinosi techniques of
mandibular nerve block cannot be attempted
when significant trismus is present. In such
cases Extraoral mandibular nerve blocks can
be attempted and, indeed, possess a
significantly high success rate in experienced
hands. Extraoral mandibular blocks can be
administered through the sigmoid notch or
inferiorly from the chin.[15,16] Because the
mandibular division of the trigeminal nerve

provides motor innervation to the muscles of
mastication, a third division (V3) block will
relieve trismus that is produced secondary to
muscle spasm (trismus may also result from
other causes). However this approach of MNB
is not conventional due to unavailability of
surface landmarks . The aim of this study is to
specify landmarks in dissected cadaveric
specimens that will act as a guide for an easy
approach to Extraoral Mandibular nerve
block.

Aims and Objectives

To identify specific anatomic landmarks for
Extraoral Mandibular Nerve Block making use
of cadaveric dissection.

 Materials and Methods

Ten adult cadavers of both sexes were
selected for the study in the department of
Anatomy at Malda Medical College. Study
period was approximately eight months. It
was carefully noted that they were free from
any form of maxillofacial deformity. Any
cadaver with scar mark over the maxillary
region indicative of previous trauma or
surgery was also excluded from study.

With the aid of guidance provided by
existing literature on Extraoral MNB, 3 ml of
yellow Acryllic dye was injected into the
infratemporal fossa with a 6 inch long needle
fitted to a 5 ml syringe. The base of the Tragus
was taken as the landmark and the needle was
negotiated close to the base of the tragus below
the zygomatic arch at an angle of 90 degrees
until a bony obstruction was felt. This was
repeated on both sides in all 10 cadavers. Then
the infratemporal fossa was dissected upto the
trunk of the Mandibular nerve close to the
foramen ovale. Generous amount of dye
around the trunk of the mandibular nerve was
noted and taken to be a satisfactory outcome.
Presence of dye below the bifurcation of the
main trunk of the nerve or too much
dissipation of the dye in the overlying skin or

Alipta Bhattacharya et al / The Anatomy of Extraoral Mandibular Nerve Block
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muscular layers was considered dissatisfactory
and the results were excluded from study.
From the satisfactory cases thus obtained ( 14
cases were satisfactory and 6 cases were
excluded) we measured the distance between
point of needle entry from the centre of the
base of tragus. Depth of the needle to reach
the mandibular nerve was also measured. The

data thus obtained was evaluated statistically
to come to a conclusion.

Tools required

1. Skin marking pen

2. Scalpel

Alipta Bhattacharya et al / The Anatomy of Extraoral Mandibular Nerve Block

Fig 1: The Anatomical landmarks

 

Fig  2: Injection of dye into the trunk of Mandibular nerve in the cadaver
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3. Tooth forceps

4. 5 ml syringe fitted with 6 inch long
needle

5. Yellow acrylic dye

6. Plain forceps

7. Chisel hammer

8. Periosteum elevator

9. Osteotome

10. Bone nibbler

11. Scissors

12. Allis’ tissue forceps

13. Vernier slide calipers.

Results

After the dissection, we could see that in 12
dissections (60%), the otic ganglion was
situated medial to the mandibular nerve, right
under the foramen ovale. The otic ganglion
also had a flattened, small, and oval form. In
5 (25%) of the specimens dissected we failed
to observe any oval structure reminiscent of
an otic ganglion, instead there was a fusiform
swelling in the trunk of the Mandibular nerve

itself close to the point of its exit from the
Foramen Ovale. In 3 (15 %) of the specimens
no anatomic structure like that of an Otic
Ganglion could be located on the medial aspect
of the Mandibular nerve. During the course
of our dissections in the Infratemporal fossa,
our findings mostly corroborated with those
of classical literature[17] with regard to the
structures found in this region. In all the
specimens, the Inferior Alveolar Nerve was
found to emerge between the medial and
lateral pterygoid muscles; distally the
neurovascular bundle of the Inferior Alveolar
nerve was found to enter the Mandibular
foramen. In all the 20 specimens dissected the
Lingual nerve was seen to course anterior to
the Inferior Alveolar nerve, before entering the
oral cavity between the medial pterygoid
muscle and the Ramus of the Mandible. In all
specimens barring one , the Chorda Tympani
nerve was found to join the Lingual nerve
posteriorly ,where the chorda tympani failed
to join the Lingual nerve and ran downwards
parallel to it, a small nerve fibre however
connected the two nerves. No anatomical
variation was noted with regard to the trunk
of the Mandibular nerve. After piecemeal
dissection of the Lateral Pterygoid muscle the
trunk of the mandibular nerve was seen lying

Fig 3: Dissipation of dye over trunk of Mandibular nerve

Alipta Bhattacharya et al / The Anatomy of Extraoral Mandibular Nerve Block
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medial to the muscle, immediately below the
foramen ovale. After A brief course of about
4-5 mm the trunk divided into a small anterior
and a large posterior division. Both the Inferior
Alveolar and the Lingual nerves could be
traced from the posterior division.The average
distance from centre of base of tragus to the
point of needle entry is 1.44 ± 0.15 cm. The
average depth the needle has to pass from the
skin surface perpendicularly to reach the
trunk of the mandibular nerve for a proper
dissipation of dye to occur is 4.26 ± 0.33 cm.

Discussion

The classic description of the Otic Ganglion
and the Mandibular nerve of humans has
remained unaltered for quite sometimes now
.In the course of our study we found that Otic
ganglia resembling the classic description were
found in about 60% of the cases. In 25%, some
thickening could be seen adjacent, almost
adherent to the mandibular nerve and in 15%,
no definite structure could be observed. Our
results offer some contradiction to the
observations made by Roitman R. et al,[18]
where the above percentages were 40%, 13%,
and 27% respectively. For ages, dentists have
endeavored to control pain in their procedures
by utilizing a method that blocked the
pathway of pain impulses to the brain. When
the trunk of the mandibular is blocked areas
usually anesthetized are:[19]

1. Mandibular teeth to the midline.

2. Buccal mucoperiosteum.

3. Anterior two thirds of the tongue and
floor of the oral cavity.

4. Lingual soft tissues and periosteum.

5. Body of the mandible, inferior portion of
the ramus.

6 Skin over the zygoma, posterior portion
of the cheek, and temporal regions.

The Significant advantages of the MNB over

IANB include its higher success rate,and the
absence of problems with accessory sensory
innervation to the mandibular teeth.[20]

Indications of MNB

1. Multiple procedures on mandibular
teeth.

2. When buccal soft tissue anesthesia, from
the third molar to the midline, is
necessary.

3. When lingual soft tissue anesthesia is
necessary.

4. When a conventional inferior alveolar
nerve block is unsuccessful.

Gow-Gates and Akinosi Techniques are
standard yet complicated procedures and
present to the clinician greater elements and
degrees of risk. Gow-Gates advocates the use
of an intra-oral technique while utilizing
extra-oral landmarks. The dentist must inject
in the mouth and at the same time visualize
the outside of the patient’s head and face
regions, in order to carry out this maneuver.
The target for the needle point is the neck of
the condyle which lies in the upper portion of
the pterygomandibular space. In addition,
injecting the needle and local anaesthetic into
the anterior portion of the temperomandibular
joint capsule could also produce damage and
prolonged side effects in the form of severe
joint dysfunctions. The Akinosi technique also
advocates placing the needle and local
anaesthetic in the upper portion of the
pterygomandibular space. Coupled with this
is the disadvantage of not having any hard
tissue landmarks that can be utilized as the
proceedure is carried out with the patient’s
mouth closed. If it is necessary to continue
dental care in the patient with significant
trismus, the options for providing mandibular
anesthesia are extremely limited. Inferior
alveolar and Gow-Gates mandibular nerve
blocks cannot be attempted when significant
trismus is present. Extraoral mandibular nerve
blocks can be attempted and, indeed, possess
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 1  2 3 4 5 6  7 8 9 10 11 12 13 14 Avg (cm) S.D. 

Tragus to needle entry point 

( cm) 
1.28 1.36 1.55 1.47 1.23 1.59 1.22 1.38 1.24 1.47 1.66 1.52 1.43 1.70 1.44 0.16 

Length of needle ( cm) 3.96 4.26 4.48 4.29 3.88 4.58 4.13 3.95 3.82 4.28 4.35 5.11 4.25 4.23 4.26 0.33 
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a significantly high success rate in experienced
hands. Extraoral mandibular blocks can be
administered through the sigmoid notch.
Mandibular division of the trigeminal nerve
provides motor innervation to the muscles of
mastication, a third division (V3) block will
relieve trismus that is produced secondary to
muscle spasm (trismus may also result from
other causes. EOMNB is however not very
conventional because of limited surface
landmarks and related studies. Our study
attempts to throw some light on this aspect of
MNB. We noted, that the average distance
from centre of base of tragus to the point of
needle entry is 1.44 ± 0.15 cm. The average
depth ,the needle has to pass from the skin
surface perpendicularly to reach the trunk of
the mandibular nerve for a proper dissipation
of dye to occur is 4.26 ± 0.33 cm. Hence these
anatomical landmarks can be used as a
guidance for efficient MNB from extraoral
aspect for providing adequate pain relief.

Conclusion

With this study, we can conclude that there
is some variation from standard literature
regarding the location and morphology of the
Otic ganglion and the Mandicular nerve with
its branches. The main focus of this study was
to provide adequate surface landmarks for
EOMNB and we have been able to do so to a
large extent. The major limitation of this study
has been the relatively small number of
specimens dissected, which can hopefully be
compensated by further studies on similar
subjects .
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Horseshoe Kidney: A Case Presentation

Jain S.R.*, Baig M.M.**, Pradeep Nahar***

Case Report

Abstract

Introduction: Horseshoe kidneys are most common type congenital anomaly of excretory system. The
incidence of this anomaly is approximately 1 in 400-500 adults. It is a condition in which there is fusion
of both kidneys either at upper or at lower poles mostly fusion of lower poles. This knowledge will be very
useful for radiological and surgical procedures. Methods: The present variation was observed during
routine dissection 58 year old male cadaver in department of Anatomy of the institute. Results: Both the
kidneys were placed at lower level as compared to their normal positions. The lower poles were fused to
form the isthmus opposite to the L4 vertebra. As a result of this fusion the inferior pole of each kidney
pointed medially. There was no extra renal anomaly such as polycystic kidney or renal cysts were observed.
Weight of each kidney was approximately 200 g. While dimensions were length 100mm, width 20mm,
and thickness 45mm for right kidney and 108mm, 18mm, 46mm respectively for left.  Relation of structures
in hilum was on right side from above downward renal vein, renal artery, renal vein and ureter. That on
left side was from above downward renal vein, renal artery and pelvis; from before backward renal vein,
renal artery. Conclusion: The horseshoe kidneys are usually asymptomatic. They themselves don’t require
any treatment and subject can have normal life expectancy unless any complications occur. But since
horseshoe kidney can not only alter imaging appearance but also render the kidneys susceptible to
trauma, stone formation and transitional cell carcinoma of the renal pelvis. It becomes essential to recognise
their presence.

Keywords: Horse shoe kidney; Renal anomalies; Renal artery; Renal vein.

Introduction

Horseshoe kidneys are most common type
congenital anomaly of excretory system. The
incidence of this anomaly is approximately 1
in 400-500 adults. The condition is more
commonly found in males. Higher incidence
rate has been reported from patients having
Down’s syndrome and Turner syndrome.[1]

It is a condition in which there is fusion of
both kidneys either at upper or at lower poles.

Horseshoe kidney is formed by fusion across
the midline of two distinct functioning kidneys,
one on each side of the midline. They are
connected by an isthmus of functioning renal
parenchyma or fibrous tissue. In the vast
majority of cases the fusion is between the
lower poles (90%). When superior or both the
superior or inferior poles are fused, it is referred
to as a sigmoid kidney. Horseshoe kidney is
malrotated kidney. During embryonic life at
the stage of migration of kidney the two
metanephric blastomere come in contact
mainly at the lower pole and in some cases at
upper pole.[2]

It has also been postulated that during
normal development, the kidneys rotate in
such a way that the ureters leave the kidney
from its medial aspect and the axis of the
kidneys diverge. But in horseshoe kidney the
normal rotation of the kidney is incomplete,
so that the ureters leave the kidney from its
ventral aspect and the longitudinal axis of the
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kidneys converge.

In the present case, we have described the
horseshoe kidney in detail. This knowledge
will be very useful for radiological and surgical
procedures.

Material and Method

The present variation was observed during
routine dissection of a cadaver in department

of Anatomy, Dr. Vaishampayan Memorial
Government Medical College, Solapur.

The cadever was 58 years old male. After
removal of perirenal fat, the kidneys were
carefully examined. It relation with various
structures were carefully studied. All the
morphological parameters were measures and
recorded.

Result

Both the kidneys were placed at lower level
as compared to their normal positions. The
lower poles were fused to form the isthmus
opposite to the L4 vertebra. As a result of this
fusion the inferior pole of each kidney pointed
medially. There was no extra renal anomaly
such as polycystic kidney or renal cysts were
observed.

Weight of each kindey was approximately
200 g. While dimensions were length 100mm,
width 20mm, and thickness 45 mm for right
kidney and 108 mm, 18 mm, 46 mm
respectively for left.

The right and left renal arteries arose as
lateral branches of the aorta just below the

Pradeep Nahar et al / Horseshoe Kidney: A Case Presentation

Figure 1: Horse shoe kidney after removal
from cadaver (Anterior view)

RV - Renal Vein, RA - Renal artery, SMA- Superior
Mesenteric Artery, IMA - inferior Mesentric artery,

Figure 2: Horse shoe kidney in situ (Anterior view)

RV - Renal Vein, RA - Renal artery, SMA- Superior Mesenteric Artery, IMA - inferior Mesentric artery, IVC - Inferior Vena
Cava, SA- Splenic artery, L SUPRA RV - left suprarenal vein
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level of superior mesenteric artery. Their
accompanying renal veins entered the inferior
vena cava. One accessory left renal artery
originated from lateral wall of the aorta above
the main left renal artery.  Then it ran
downward behind left renal vein. Right kidney
was drained by two renal veins separately into
the inferior vena cava; one renal vein had two
tributaries outside the hilum. Left gonadal and
suprarenal veins drained into left renal vein.

Relation of structures in hilum was on right
side from above downward renal vein, renal
artery, renal vein and ureter (Figure 1). That
on left side was from above downward renal
vein, renal artery and pelvis; from before
backward renal vein, renal artery.

The relations of other structure were as
follows - Inferior mesenteric artery was
hooked over the isthmus (Figure 1). The
posterior surface of the isthmus was grooved
by the aorta. From anterior surfaces of kidneys,
the calyces emerged to form the ureters. There
was no distinct kidney pelvis on right side. The
ureters passed downward over lower poles,
then across the terminal parts of the common
iliac vessels, to enter the bladder in the usual
manner.

Discussion

Embryologically, horseshoe kidney
represents the most common failure of
migration and rotation of the metanephric
buds from their pelvic position during forth –
sixth week of gestation.[2] Horseshoe kidney,
which cannot ascend out of the pelvic cavity
because the inferior mesenteric artery prevents
further migration. The vessels thus develop an
abnormal relation to the renal pelvis and
ureters.

Horseshoe kidneys can also be associated
with other congenital renal anomay such as
pelviureteric junction obstruction.  The
obstruction is further precipitated by
anomalous vessels crossing the ureter and the
abnormal course of the ureter as it passes over
renal substance. Horseshoe kidneys also have
an increased incidence of stone disease,

Pradeep Nahar et al / Horseshoe Kidney: A Case Presentation

probably as a consequence of areas of
insufficient drainage.[3,4]

Horseshoe kidneys are also susceptible for
injury since it lies lower than normal it is not
protected by the ribs and costal margin. The
large hydronephrotic kidney resulting from
congenital obstruction associated with
horseshoe kidney is susceptible to rupture by
minimal trauma. They are also liable to
parenchymatous diseases like nephritis,
solitary cyst. Horseshoe kidneys are further
associated with the Leriche syndrome. In this
condition there is a thrombosis of the terminal
aorta with claudication of the buttocks and
lower extremities, impotence and diminished
or absent a pulses beyond the aortic
bifurcation.[4]

The horseshoe syndrome (Rovsing’s
syndrome) is characterized by nausea,
vomiting and abdominal pain accentuated by
hyperextension. Carcinoid tumours originate
60-85 times more often in horseshoe kidneys
than normal one.

Conclusion

The horseshoe kidneys are usually
asymptomatic. They themselves don’t require
any treatment and subject can have normal
life expectancy unless any complications
occur. But since horseshoe kidney can not only
alter imaging appearance but also render the
kidneys susceptible to trauma, stone formation
and transitional cell carcinoma of the renal
pelvis.[5] It becomes essential to recognise their
presence.
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Ossified Anterior Longitudinal Ligament in the Lumbar Region of the
Vertebral Column

Sayee Rajangam*, Flossie Jayakaran**

Case Report

Abstract

Background: Radiological investigation has classified the ossified anterior longitudinal ligament
into 3 types: segmental, continuous, mixed. The associated common symptoms are the compression of
the oesophagus and trachea. Aim: It is aimed to report the noticed ossified anterior longitudinal liga-
ment in a bony specimen. Material and Method: During osteology class a bone specimen with ossified
anterior longitudinal ligament was noticed. Results: Ossified anterior longitudinal ligament was ob-
served in the lumbar region of the vertebral column may be between the 3rd and 4th lumbar vertebrae. In
the present study, based on the projected upper and lower cut ends, it was opined, that the specimen
belonged to the continuous type of the ossified anterior longitudinal ligament. Conclusion: The article
even though reported the ossified anterior longitudinal ligament; in view of the specimen being bony,
the associated clinical findings could not be surmised.

Keywords: Anterior longitudinal ligament; Ossified; Lumbar vertebrae.

Introduction

Anterior longitudinal ligament (ALL) is a
wide strong fibrous band of tissue and it covers
centrally the anterior aspect of the vertebral
column. Its attachments are from the basilar
part of the occipital bone to the front of the
upper sacrum. From the anterior tubercle of
the atlas, it ascends to blend with and form a
central thickening in the anterior atlanto-axial
and the anterior atlanto-occipital membranes.
It is broader caudally, thicker & narrower in
the thoracic than in the lumbar regions and is
relatively thicker and narrower opposite the
vertebral bodies than at the levels of the
intervertebral symphyses. The longitudinal

fibres are strongly adherent to the
intervertebral discs, hyaline cartilage end
plates and margins of the adjacent vertebral
bodies; but loosely attached at intermediate
levels of the bodies, where the ligament fills
their anterior concavities, thereby flattens the
profile of the vertebral column. At these
various levels, the ligamentous fibres blend
with the subjacent periosteum, perichondrium
& peripheral fibres of the annulus fibrosus of
the intervertebral discs. It has several layers;
the most superficial fibres are the longest and
extend over 3 or 4 vertebrae; intermediate
fibres between 2 or 3 and the deepest from
one body to the next. It maintains the stability
of the intervertebral joints and is the only
intervertebral ligament that limits the extension
of the vertebral column. ALL along with the
posterior longitudinal ligament (PLL) hold the
vertebrae firmly together but also permits a
small amount of movement to take place
between them.[1,2,3,4] Ossification in the ALL
and PLL have been reported. Based on the
radiological investigation, the ossified ALL is
classified into 3 types:

i) segmental

ii) continuous
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iii) mixed.

Reports have also described the common
symptoms such as compression of trachea and
oesophagus because of the ossified ALL;
radiological evaluation; surgical and medical
management.[5]

Aim

It is aimed to report the noticed ossified
anterior longitudinal ligament in a bony
specimen.

Material and Method

During the regular demonstration classes in
osteology on the vertebral column to the 1st
MBBS students in the Department of
Anatomy, International Medical School at
Bangalore, the ossified ALL was noticed
between 2 lumbar vertebrae (LV).

Results

The observed structure was a single piece
with the ossified ALL between 2 LV.
Subjectively, because of the rough and thick
markings of the attachments of the muscles
and the heaviness, it was determined that the
piece could be that of an adult male and the

LV could be in the mid lumbar region of L3
and L4. The ossified ALL was continuous over
the space for the intervertebral disc as well as
between the LV and had broken edges at the
upper and the lower ends of the piece. It was
noted that the ossified ALL may be of the
continuous type.

Discussion

The literature survey on the ossified ALL are
mostly on the clinical and the radiological
studies. The present study is an observation
on the presence of the ossified ALL from the
available bone piece as a study material from
the lumbar region of the vertebral column. The
features of the 3 types of the ossified ALL from
its radiological appearance are:

i) the segmental type may have partial or
total ossification over a vertebral body
without involving the space for the
intervertebral disc.

ii) the continuous type may have ossification
covering over a number of intervertebral
disc spaces

iii) the mixed type may have the combinations
of both the segmental and the continuous
type; i.e. the ossified ALL may be
segmentally present only on the anterior
aspect of the vertebra and also may be
continuously present over the anterior
aspects of the bodies of the vertebrae
including the spaces for the intervertebral
disc.[5]

In the present study, the ossified ALL
extended over the anterior aspects of the 2
lumbar vertebrae including the space for the
intervertebral disc and the cut ends both at
the upper and the lower ends also indicated
that the sample belonged to the continuous
type. Normal anatomical description states
that:

i) ALL is perforated by the foramina for
arteries and veins passing to and from
the vertebral bodies[6]

ii) ALL forms a fascial plane with the
prevertebral & endothoracic fasciae and

Sayee Rajangam & Flossie Jayakaran  / Ossified Anterior Longitudinal Ligament in the Lumbar
Region of the Vertebral Column

Figure 1: Ossifield ALL
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with the subperitoneal areolar tissue of
the posterior abdominal wall.
Prevertebral fascia blends inferiorly with
ALL of the upper thoracic vertebrae in
the posterior mediastinum and the
infection and other pathological
processes may spread along the fascial
plane.[2]

Ossified PLL associated with
radiculomyopathy is reported; but ossified
ALL has not been frequently described; since
it is rarely symptomatic.[5] The reported
associated features with ossified ALL are:

i) Forestier’s disease (FD)[7]

ii) Dysphagia[8]

iii) Dysphagia with diffuse idiopathic
skeletal hyperostosis (Kobayashi et al
1999, cited[5]

iv) Radiculomyelopathy due to the
associated stenosis of the cervical
spine.[5]

Of course, in the present study,  any
information pertaining to the associated
aspects was not available. Resnick et al, 1975
cited[5] coined the term diffuse idiopathic
skeletal hyperostosis for FD and the ossified
spinal ligaments was considered as part of the
FD.[9] The diffuse idiopathic skeletal
hyperostosis was defined as showing
ossification or calcification along the anterior
to anterolateral aspect of 4 contiguous
vertebral bodies with relative preservation of
the height of the intervertebral disc in the
affected area; which distinguishes it from the
degenerative discogenic disease. In the present
study, the upper and the lower cut ends of
the ossified ALL suggest that the sample may
be included under the category of the diffuse
idiopathic skeletal hyperosteosis. Articles in
literature also describe the surgical and the
medical management for the ossified ALL.

Conclusion

With the above background, a short note

Sayee Rajangam & Flossie Jayakaran  / Ossified Anterior Longitudinal Ligament in the Lumbar
Region of the Vertebral Column

on the observed ossified ALL in the lumbar
region of the vertebral column is reported.
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Thoraco-Omphalopagus: A Case Study

Tiwari Amrish*, Mishra Meghana**, Naik D.C.***

Case Report

Abstract

Conjoined twins have interested people throughout history. In the earliest times they were known as
gods, or feared as bad omens and exiled, abandoned or killed. In later days they were viewed as curiosities,
and became circus or sideshow attractions. Now days, because of sophisticated separation techniques
conjoined twins are no longer looked as freaks but individuals. Approximately 75% of conjoined twins
are female, and 70% are fused at the thorax (Thoracopagus) or abdomen (Omphalopagus). The union can
be in the frontal, transverse, or sagittal plane. In broad terms, conjoined twins may be regarded as a
doubling anomaly. The later the incomplete embryologic separation occurs, the higher the likelihood of a
complicated fusion.

Keywords: Conjoined; Twins; Thoraco-Omphalopagus.

Introduction

Conjoined twins (also known as Siamese
twins) are identical twins whose bodies are
joined in utero.[1] A rare phenomenon, the
occurrence is estimated to range from 1 in
50,000 births to 1 in 100,000 births, with a
somewhat higher incidence in Southwest Asia
and Africa. Approximately half are stillborn,
and a smaller fraction of pairs born alive have
abnormalities incompatible with life.[2,3] The
overall survival rate for conjoined twins is
approximately 25 percent. The condition is
more frequently found among females, with
a ratio of 3:1.

Case report

A case of Thorao-omphalopagus is brought
from the department of Gynaecology to
department of Anatomy, S.S.M.C, Rewa.
These are identical twins of female sex with
symmetrical conjoined twinning of Thoraco-
Omphalopagus, united in coronal
plane.Crown Rump length of both fetuses are
32 cm and 35 cm respectively (Figure 1 and
Figure 2).

Figure 1: Thoraco-Omphalopagus – Lateral
view, showing fused chest and abdomen
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Radiological findings: (Figure 3)

• 2 Skulls

• 2 Vertebral columns

• 2 Separate sacra

• 4 Upper limbs (2 on each side)

• 4 Scapulae

• 4 Clavicles

• 2 Broad ribcages

• 4 Lower limbs

• 1 Umbilical cord

Discussion

How does it happen? If the split occurs more

than 12 days post conception, the embryos do
not fully divide and the twins may share body
parts.[4] Researchers still do not know the
exact mechanism regarding why some twins
become conjoined. There may be specific
genetic reason responsible for delaying the
fertilized egg from splitting into two embryos.
There may also be environmental reasons that
prevent the egg from splitting completely.
More research is required to determine the
cause of conjoined twins.

On embryological ground, some
generalizations are of assistance in the
evaluation of conjoined twins:

1. From the clinician’s point of view, the
question of the degree of completeness of
each of the conjoined twins is of
fundamental importance. The more
extensive the conjoining,the more
incomplete the twins and the more
extensive the sharing of viscera and other
vital structures. It would follow that
external conjoining of extensive degree
suggests the probability of a high degree
of internal asymmetry, but the extent of
the internal joining is only partially
suggested by external examination.

2. One concept of the mechanism of
conjoining suggests a defect in the
development of the primitive streak. It is
postulated that cellular injury and
molecular interference result in the
development of two inductor centers. A
second factor which conditions the
development of conjoined twins relates
to the degree of propinquity that exists
between two developing embryonic axis
on a single embryonal disc. The area of
maximal chance for conjoining have
greatest possibilities for fusion,active
metabolism and spatial crowding. A
review of the clinical literature of
conjoining supports this embryologic
concept.

3. By embryologic corollary, one might
expect structures rostral to the umbilicus
to be the most often conjoined. For
example, fusions and sharing of

Tiwari Amrish et al  / Thoraco-Omphalopagus: A Case Study

Figure 2: Thoraco-Omphalopagus –
Superior view, slowing two separate heads

Figure 3: X-Ray, Lateral view – showing
two separate vertebral columns
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pericardium, heart, diaphragm, liver and
gastrointestinal tract would be expected
to occur in conjoined thoracopagus
twins.

Separation of conjoined twin is a challenge
to the surgeon, all of them cannot be
separated due to sharing of vital organs but
others can be separated and live normal life.
Success of the surgery depends on skill of the
surgical team and point of joining.[5]
Craniopagus and thoracopagus are very
difficult to separate as they may share vital
structures, while ischiopagus and pyopagus
can be separated surgically and have good
outcome.[6,7]
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Variations Associated with Median Nerve and Musculocutaneous
Nerve: A  Case Report

Pratima Baisakh*, Chinmayee Mohapatra**, Minati Patra***, Bijay Kumar Dutta****

Case Report

Abstract

Anatomic variations involving different nerves and muscles of upper limb are known to occur.
Knowledge of any deviation from the normal pattern of distribution of anatomical structures helps the
surgeons and other clinicians during any intervention of the upper limb. In the present case, during
routine dissection of a female cadaver in the left upper limb, we found communication between left
median nerve and musculocutaneous nerve in the proximal region of arm and left musculocutaneous not
piercing the coracobrachialis muscle in the arm. The musculocutaneous nerve instead of piercing
coracobrachialis passes in between biceps and brachialis. Coracobrachialis is supplied by a branch
directly from the lateral cord and another from musculocutaneous nerve. However, the rest of the
distribution of the median and musculocutaneous nerve were normal.

Key words: Musculocutaneous nerve; Coracobrachialis muscle; Biceps; Brachialis.

Introduction

Anatomic variations involving different
nerves and muscles of upper limb are
previously reported. Knowledge of variations
in anatomy is important to anatomists,
radiologists, anesthesiologists and surgeons.
Presence of anatomic variations of the
peripheral nervous system is often used to
explain unexpected clinical signs and
symptoms of nerve palsy syndrome and
vascular problems.  Median-nerve (MN)
formed by medial and lateral roots from the
medial and lateral cords of brachial plexus.
Musculocutaneousnerve (MCN)-branch from
lateral cord, supplies and pierces the
coracobrachialis muscle, then passes through
anterior compartment of arm. MCN also
supplies biceps and brachialis muscle in the
arm and then continues as lateral cutaneous

nerve of forearm. We found concomitant
variations of MN and MCN in the upper part
of the arm along with an additional supply of
coracobrachialis directly from the lateral cord.

Case summary

During routine dissection for undergraduate
students, in the left arm of a female cadaver
of approximately 60 yrs of age, we found 3
concurrent variations in the upper part of the
arm. MN received a communicating branch
from musculocutaneous nerve in the proximal
region of arm just after its formation of main

Figure 1: Musculocutaneous nerve not
piercing the coracobrachialis muscle.

Coracobrachialis supplied by branches
directly from lateral cord  and

musculocutaneous nerve



94

Indian Journal of Anatomy

trunk. That communicating branch can be
taken as the third or 2nd lateral root of median
root. Musculocutaneous nerve originating
from the lateral cord doesn’t pierce
coracobrachialis and traverse in between
biceps and brachiais. Coracobrachialis muscle
is supplied by a branch directly from the
lateral cord along with a separate twig from
MCN. Rest of the course and distribution of
MN and MCN was normal.

Discussion

Knowledge of anomalous branching
pattern of brachial plexus and coexisting
muscular anomalies help the surgeons during
surgical interventions of upper limb to avoid
inadvertent consequences. The forelimb
muscles develop from the mesenchyme of the
para-axial mesoderm during 5th week of
embryonic life. The axons of spinal nerves
grow distally to reach the limb bud
mesenchyme. As suggested by Sannes et al[1],
the migration of the developing axons is
regulated in a highly coordinated specific
fashion. Any alterations in signalling between
mesenchymal cells and neuronal growth
cones can lead to significant variations.

Le Minor (1990) reported Types I  – V
regarding variant communications between
the musculocutaneous and median nerve.[2]

However, Venieratos and Anangnostopoulou
(1998) have described only three types of
communications between the MCN and MN
in relation to the coracobrachialis muscle.[3]

Type 1: communicationbetween MCN and
MN is proximal to the entrance of the MCN
into the coracobrachialis.

Type 2: the communication is distal to the
muscle.

Type 3: neither the nerve nor its
communicating branch pierced the muscle

In present case, the communication of MN
and MCN can be categorized as type III of
Venieratos and Anangnostopoulou (1998).[3] The
communicating branch from MCN which is
of same calibre as that of the lateral root joins
the MN in the upper third of the arm, hence
can be considered as 3rd root of medial nerve.
As described in present case, MCN does not
pass through the coracobrachialis muscle, can
be explained in terms of such developmental
abnormalities for axonal guidance in the
coracobrachialis muscle or circulatory factors
during fusion of cords of brachial plexus.

Knowledge of variation is of immense
importance during surgical exploration of
axilla and arm region, during nerve block,
during internal fixation of humeral fracture
from common anterior approach to avoid
injury to these nerves
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Figure 2: Median nerve formed by 3 roots
(Lateral cord, medial cord and twigs from

musculocutaneous nerve
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Malrotation of Left Kidney with Accessory Lower Renal Artery: A
Case Report

Ashfaq Ul Hassan*, Ghulam Hassan**

Case Report

Abstract

Malrotation is not a common condition in relation to kidney and can present with certain problems
during different surgical procedures. A proper knowledge of Anatomy of Kidneys is important . The
condition  has been associated with many other clinical conditions like accessory or aberrant vessels and
in relation to certain distinctive syndromes.we present a rare case of Malrotation of Left  Kidney with
Accessory  Lower Renal artery

Keywords: Metanephros; Kidney;  Malrotation.

Introduction

Malrotation of kidney is an important
embryological defect. They usually remain
asymptomatic and silent and are incidential
findings which are discovered during
autopsies or dissection or radiological
procedures performed on urinary system. The
anomaly is frequently seen to be associated
with Turner’s Syndrome. An association with
lobulated kidney,  ectopic position of kidney
and accessory renal arteries is also seen usually.
The chances of hydronephrosis and stone
formation are increased in malrotated kidneys.

Observations

During Educational cadaveric dissection of
an adult male, a case of non rotation of left
kidney was encountered. In this case the

kidney was of normal appearance,  non
lobulated and in its normal position however
an accessory renal vessel supplying the lower
pole was present.

Discussion

The kidneys in humans develop from
metanephros. Initially the embryonic kidneys

·Fig 1: Kidneys are the organs which
ascend early in their development. They

begin to develop in the sacral region until
they reach their final and normal position
in abdomen. This ascent is accompanied

by slight rotation of kidneys. Failure to do
so can result in problems during

radiological procedures, surgeries as well
as association with certain other diseases.
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are present in the Sacral region. The unique
feature of the kidneys is that they ascend as
well as undergo medial rotation. Failure to do
so results in ectopic kidneys as well as
malrotated kidneys.

The embryological development of the
kidney results from the interaction between
the mesonephric duct-derived ureteric bud,
and the metanephros, the most caudal part of
the nephrogenic cord. Development begins
early in the 4th week of gestation and during
the 6th and 8th weeks the lobulated embryonic
kidneys ascend from the pelvic region
upwards along the posterior abdominal wall
to their normal position and undergo a 90%
axial rotation from horizontal to medial. At
the same time the ureteric bud divides
sequentially to form the pelvicalyceal system.
During the process of ascent from the pelvis,
the kidneys derive their blood supply
sequentially from vessels that are closest to
them- initially median sacral, then common
iliac and inferior mesenteric, and finally, the
aorta. An ectopic kidney results from either
incomplete, excess or abnormal ascent. If
during the process of ascent the kidneys come
into contact, a horseshoe kidney or crossed
renal ectopia will result.

Normally the kidney rotates through 900 in
the ventromedial direction. Felix (1912)
postulated that the rotation is a result of
unequal and differential branching of uretral
tree  as more parenchyma develops ventrally
than dorsally thus the kidney rotates medially.

Errors in this normal physiological rotation
give rise to various types of developmental
anomalies described by Braasch[1]

 
and

Weyrauch[2]
 
as non rotation,  incomplete

rotation , reverse rotation or excess rotation.
In non rotation the renal pelvis presents itself
ventrally in relation to kidney mass. In case of
incomplete rotation  the pelvis presents itself
ventromedially whereas in excessive rotation
which is rare the renal pelvis is ventro laterally
placed and may assume any position
depending upon degree of rotation.

According to Grays and Skandalakis the
anomaly is frequently seen to be associated
with Turner’s Syndrome.[3]

Bilateral additional renal arteries and an
additional right renal vein associated with
unrotated kidneys have also been found.[4]

Bilateral malrotation and lobulation of
kidney with altered hilar anatomy was also
reported.[5] Here the renal pelvis was present
anterior to the renal vessels instead of posterior
position. The right kidney in addition showed
lower lumbar position with three
supplementary arteries and two veins. The
right ovarian vein arched over the laterally
rotated hilum of kidney and drained into
superior renal vein instead of inferior vena
cava.

As such in surgeries on kidneys which
present with malrotation it is important to
examine the position of kidneys with great
care not only to establish the diagnosis but also
to make sure that vessels vital to blood supply
of kidneys are not damaged. Weyrauch
suggested that anomalies of rotation are
entirely compatible and may not present
clinically, hence no attempt should be made
to correct this rotation as it may lead to torsion
of ureter causing functional disorders of
kidney. According to Badenoch,  the
malrotations are of little significance but when
not appreciated may give rise to difficulty in
interpretation of pyelograms in what
otherwise appears to be a normally
functioning kidney.[6]

Ashfaq Ul Hassan & Ghulam Hassan  / Malrotation of Left Kidney with Accessory Lower Renal Artery:
A Case Report

Fig 2: Malrotation of Left Kidney with
accessory  lower renal artery
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Conclusion

Though Malrotation can be clinically
insignificant but as the non rotation may be
associated with Accessory renal vasculature
The importance of the Malrotation lies in
realizing this anomaly in case of Renal
Transplant Procedures, Surgeries on Aortic
aneurysms,  performing surgeries on Kidneys
and interpretation of arterograms where it can
pose a therapeutic and diagnostic challenge.
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Unilateral Duplication of Retromandibular Vein an Unusual Variation

Roy Tapati*, Nene Ajay R.**,  Gude Sujatha B.***

Case Report

Abstract

Background: Variation in blood vessels is not uncommon and is more frequently seen in veins including
retromandibular vein.  The Knowledge of variation of superficial veins of head -neck is important to
surgeon as these may be used for reconstruction surgery. Aims & objectives: To know variation in origin,
course and termination of retromandibular vein. Methods and observations:  During routine dissection
for undergraduate class in the department of anatomy, a duplication of retromandibular vein was observed
on left side in a 47 year old male cadaver. Conclusions: This case is being reported to highlight this rare
variation of retromandibular vein, which may have significance in surgical and modern imaging field to
localize the parotid tumor in relation to facial nerve and its subsequent removal. Although variations of
retromandibular vein are reported earlier, but duplication is unique because of its rarity.

Keywords:  Retromandibular vein; Facial nerve; Parotidectomy.

Introduction

Variations in blood vessels of body are not
uncommon and are more frequently seen in
veins including retromandibular vein (RMV).
The Knowledge of variation of superficial veins
of head -neck is important to surgeon as these
may be used for reconstruction surgery or
cannulation for intravenous medication.
Moreover RMV is used as a guide to expose
facial nerve branches in superficial
parotidectomy.[1] RMV is also important
clinically because venous aneurysm can
develop in it.[2] The present case is being
reported for its surgical importance as the
variations of RMV  may be helpful to take pre-
surgical decision to avoid excessive bleeding
during parotidectomy.

Aims & Objectives

To know variation in origin, course and
termination of RMV vein.

Materials and Method

A 47 year old embalmed male cadaver was
used for undergraduate students in
Department of Anatomy, GSL Medical
College, and Rajahmundry. Dissection was

Fig 1: Formation of SRMV & DRMV
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done according to the Cunningham’s Manual
of Practical Anatomy (vol-3, page 115-118).
After careful dissection variation of RMV was
observed and photographed.

Results

In present case we observed unusual
variation of RMV which consisted of two
components (superficial SRMV-Fig 1, 2 & deep
DRMV- Fig 3, 4).

Formative tributaries of both RMV arose
from superficial temporal and maxillary vein
and both the veins divided to form
retromandibular veins (SRMV & DRMV)

within the parotid gland.

After formation both veins divided into
anterior and posterior division. Posterior
division of SRMV united with posterior division
of DRMV to form common trunk which in
turn joined with posterior auricular vein to
form external jugular vein.

Anterior division of SRMV united with
facial vein to form common facial vein which
drained into internal jugular vein.

The anterior division of DRMV directly
joined with internal jugular vein although a
communication was found between anterior
divisions of both veins (SRMV & DRMV).

No variation was found in right RMV. No
variations were noted on either side in any
other vessel of head neck.

Discussion

During embryonic development, the venous
drainage of head neck region gets established
after the formation of skull.[3] The variation
of size and pattern of veins in head and neck
is quite common including the RMV. The
anomalous venous patterns are due to
regression and/or retention of venous
anastomotic channels as described by Veena
Vidya shankar et al in their article.[4]

Hamilton and Boyd et al described that

Roy Tapati et al  / Unilateral Duplication of Retromandibular Vein an Unusual Variation

Fig 2: relations of SRMV & DRMV

Fig 3: Tributaries of SRMV & DRMV

Fig 4: Termination of SRMV & DRMV
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variation of superficial veins of head neck is a
common phenomena because superficial veins
of head neck develop from superficial plexus
of capillaries.[5]  This plexus ultimately gives
rise to primary head vein. Larger veins are
formed by joining of confluence of capillaries
or enlargement of individual veins. Regression
of few venous channels alters the venous flow.

In present case we have observed
bifurcation of superficial temporal vein.
Similar findings were also noted by Veena
Vidya shankar et al[4].

Tour et al reported in their study that the
relationship between facial nerve and RMV
was not fixed.[6] They dissected 132 cadavers
and found following results. The vein was
medial to the nerve in 65.2% cases and lateral
to the nerve in 13% cases. In 6.8% cases they
found the nerve was placed between
superficial and deep venous plane.

In present case we also found superficial and
deep RMV but both were situated deep to
facial nerve.

According to Yao Wancai et al, the most
common variation of RMV was that the vein
crossed the facial nerve medially (33.31%) at
a point between the bifurcation and
ramification points of the lower trunk of facial
nerve.[7] They investigated 31 cadavers. In
15.4% cases they observed the course of RMV
was different on right and left side of face in
same cadaver.

Copuz et al reported in their series of 30
cadaveric dissections that in 90% of cases RMV
was located on the medial side of the upper
and lower trunks of facial nerve.[8] In 10%
cases RMV was located lateral to the lower
trunk and 15% cases the course of RMV was
different on right and left side of same
cadaver.

The present case showed variation in RMV
on left side alone.

Mehera et al reported that an undivided
RMV joined with common venous trunk
(formed by union of submental vein with facial
vein) to form common facial vein which in turn
drained into internal jugular vein (IJV).[9]

Roy Tapati et al  / Unilateral Duplication of Retromandibular Vein an Unusual Variation

In present case although anterior division
of SRMV joined with facial vein to form
common facial vein which drained into IJV
but DRMV directly drained into IJV.

Sahanaz et al  found undivided RMV on
both side of same cadaver which in turn joined
with posterior auricular vein to form external
jugular vein.[10]

No such variation was observed in present
case.

Conclusion

We discussed a rare variation of RMV.
Although variation of formation, termination
and division of RMV were found but
duplication is unique because of its rarity.
Knowledge of this variation may be useful in
planning and executing surgical or
radiological intervention
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