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Abstract

Knowledge of the morphometry of the pedicles of thoracic vertebrae is important for the
placement of screws for treating various degenerative disorders of the spine. The morphometry
varies considerably among different races and gender. The morphometric knowledge is
necessary for designing specific screws and thereby minimizing operational hazards. The study
was conducted on 100 dry human typical thoracic vertebrae obtained from the Department of
Anatomy, Govt. T.D Medical College, Alappuzha. The measurements taken were pedicle
width (PW) and pedicle height (PH). In our study, the mean pedicle width on the right side was
found to be 4.2420 + 1.044 mm and on the left side was 4.24734+0.917mm. Mean pedicle
heights on the right and left sides were 10.8495 +1.172mm and 10.8481+1.082mm
respectively. The findings of the study are similar to the observations made by other Indian
researchers. However, the measurements were lower when compared to those of the western
population. These differences could be attributed to their larger physique.
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Introduction

The human vertebral column is essentially
made up of thirty-three vertebrae with the
intervertebral discs intervening between
them. These include seven in the cervical,
twelve in the thoracic, five in the lumbar,
five in the sacral and four in the coccygeal
region. The column thus formed protects
the spinal cord and the nerve roots arising
from them. The twelve thoracic vertebrae
are recognized by the presence of costal
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facets on the body and the transverse
processes except the last two thoracic
vertebrae. Hence, the second to eighth
thoracic vertebrae are typical as they bear
common features while the first and ninth
to twelfth are atypical and can be identified
by specific distinguishing features. The
mid-thoracic region because of its narrow
vertebral  canal diameter and a
comparatively low blood supply is more
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prone to various kinds of degenerative and
traumatic conditions. [1]

Pedicles of the vertebrae are the short,
thick, rounded dorsal projections from the
superior part of the body at the junction of
its lateral and dorsal surfaces. the concavity
formed by the curved superior border of the
pedicle is shallower than the inferior one.
The dimensions and angles of thoracic
pedicles change progressively from the
upper thoracic spine distally. There is a
successive caudal increase in thickness.
These changing relationships have a
significant bearing on the placement of
pedicle screws in spinal surgery. [2]

The vertebral spine is involved in many
conditions like scoliosis, traumatic injuries
and vertebral degeneration due to
infections. To limit the rotation and to
achieve stability in such patients adjacent
vertebrae are fixed using plates and rods.
These plates are secured in position using
pedicular screws. The screws are inserted
through the pedicles preferably through a
posterior approach and this is known as
posterior transpedicular fixation. [3,4] This
method of fixation requires comprehensive
morphometric analysis of thoracic pedicles
without which the surgeon cannot perform
the procedure accurately. The use of
pedicle screws in the thoracic spine poses a
great challenge because the thoracic
vertebral pedicles are smaller in size and
more variable when compared to the
standard lumbar vertebral pedicles [5]. The
usage of bigger screws will result in the
fracture of the pedicle with resultant injury
to nerve roots. [6,7]

Racial and gender differences in pedicle
morphometry among various ethnic groups
are well documented and these factors may
determine the course of surgical treatment
[8,9,10]. For example, studies have found
that Japanese and African Americans tend
to have longer pedicle lengths than other
ethnic groups. [11]

The standard pedicle screws available are
from 4.5 mm to 8 mm in diameter and are
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based on the morphometric analysis of the
Caucasian  population [12].  Hence
information on the dimensions of the
pedicle is very important for the accurate
manufacture of screws in  specific
populations for transpedicular fixation. For
a safe passage through the pedicle, fixation
screws require a minimum of 0.5mm
clearance on each side to avoid perforation
of the pedicle cortex [13]

There are only a handful of studies on the
morphometric analysis of pedicles in
human thoracic vertebrae in the Indian
population. Therefore, the present study
was conducted to gain more knowledge into
the various dimensions of thoracic vertebral
pedicles in our population to design and
manufacture accurately sized screws during
the procedure of transpedicular fixation.
This will ensure a safe surgical procedure
without any complications.

Methodology
Study Setting

The study was conducted on dry human
typical thoracic vertebrae. The vertebrae
were obtained from the department of
Anatomy, Govt. T.D Medical College,
Alappuzha. A total of 100 typical thoracic
vertebrae (T2-T8) were selected for the
study.

Method of measurement

Broken and damaged vertebraec with bony
spurs were excluded from the study and
only intact vertebrae in good condition
were studied and photographed. The
measurements were taken using a Digital
Vernier caliper and the mean and standard
deviation of the measurements were
calculated.

Parameters

1. Pedicle width (PW): It is the maximum
distance between medial and lateral
surfaces of pedicle measured at right angles
to the long axis of the pedicle. (Fig.1)

2. Pedicle height (PH): It is the maximum
vertical distance between superior and
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inferior border of pedicle at its midpoint.
(Fig.2)

Figure 1: Showing pedicle width (PW)

Statistical analysis

The mean, average and standard deviation
of the measurements were analysed. The
comparison of morphometric dimensions of
the right and left sides was performed using
independent Student’s t-test and p-value
was calculated. All the statistical
calculations were performed using the
software SPSS (Statistical Presentation
System Software, SPSS) for windows
version 16.

Ethical Clearance

Institutional ethics committee clearance
was obtained before the start of the study
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Figure 2: Showing pedicle height (PH)

from the Institutional Ethics Committee,
Govt. T.D Medical College, Alappuzha.

Results

A total of 100 typical thoracic vertebrae
were studied. The results obtained are
shown in tablel. The mean pedicle width
on the right side was 4.2420mm with range
varying from 2.07mm to 7.54mm. The
mean pedicle width on left side was
4.2473mm with a range of 2.55mm -
7.55mm. The mean pedicle height on right
side and left side were 10.8495mm and
10.8481mm respectively. The range on
right varied from 8.30mm to 13.84mm
whereas on left side it varied from 7.37mm
to 13.41mm.

Table 1: PW and PH obtained in the present study in mm (RPW and RPH - PW and
PH on right side, LPW and LPH — PW and PH on left side)

Measure | N Ran | Minim | Maxim | Mean Std. P value

ments ge um um Deviation

RPW 100 | 547 |2.07 7.54 4.2420 | 1.04485 P wvalue =<

RPH 100 | 5.54 | 8.30 13.84 10.8495 | 1.17281 0.001

LPW 100 | 5.00 | 2.55 7.55 4.2473 1091797 P value = <

LPH 100 | 6.04 | 7.37 13.41 10.8481 | 1.08229 0.001
Discussion data obtained were analyzed and compared

The present study was done to get a
comprehensive  knowledge  of  the
morphometry of pedicles in typical thoracic
vertebrae among the Indian population. The
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with the previous studies done in India,
Western and other Asian countries. The
vertebral body is formed of two columns,
the anterior and posterior. The anterior
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columns are constituted by the vertebral
body and the intervertebral discs whereas
the posterior columns are formed by the
neural arches. The pedicles act as a beam
that connects these two columns. Thus it
helps in weight transmission from the
anterior column to the posterior column
[14].

The pedicles are the strongest part of a
vertebra and are made up entirely of cortical
bone with a small core of cancellous bone
[14]. With an increase in spinal
degenerative disorders following trauma
and infections, transpedicular spinal
fixation has become a popular method of
surgical intervention. Although
transpedicular fixation was first described
by Boucher in the 1950s, it was popularized
in the last four decades by the works of
Louis, Roy-Camille, and Saillant [15,16].
The procedure of transpedicular fixation
involves the insertion of screws through the
pedicles and this requires a correct
knowledge of pedicle morphometry. In case
of any difference between the screw and
pedicle length, the pedicle may be damaged
during the process of instrumentation
resulting in injury to neural structures. For
achieving  appropriate  rigidity  and
rotational stability, it has been proposed
that the screw diameter should fill more
than 70% of the pedicle diameter, the wider
the screw, the stronger will be the fixation.
A good knowledge of the pedicle size is
therefore essential for proper
instrumentation. Numerous authors have
studied the morphometry of thoracic spine
and pedicle size using computed
tomography (CT) scans, plain radiographs,
direct specimen  measurement and
quantitative  3-dimensional  anatomic
techniques and have reported the values.
[9,10,15,16,17,18,19]

Specific  differences in the pedicle
dimensions between males and females
have been reported in the literature. Kim et
al. reported differences in pedicle width
between males and females at T10, L3, and
L5 levels while Hou et al. reported
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differences only at T12 level, wherein the
male pedicles were found to be larger.
However, we did not study the sex
differences. [11,20]

In our study, the mean pedicle width was
found to be 4.24 mm which is comparable
to a study done in India by Singh et al [1]
and Patil DK et al [21] but less than the
studies by Zindrick MR et al [22]and Mc
Lain RF et al [23] based on western
population. Mean pedicle height was found
to be 10.84 mm which is comparable to the
results done by Patil DK et al [21] and Garg
S et al [24] on Indian subjects. It is more
than the results obtained by Tan et al [25]
on the Singaporean population but less than
the results got by Singh R et al [1], Panjabi
et al [26] Berry et al [27], Zindrick MR et
al[22] and Datir SP et al[28]. The average
pedicle width on the right side was 4.2420
mm whereas the average pedicle width on
the left side was 4.2473 mm. This is similar
to the findings of Patik et al and Tan et al.
Thus the average pedicle width is more on
the left side. This means that surgical
procedures with screws of diameter 4 are
safer to be performed on the left side.
Likewise, the average pedicle height on the
left side is 10.8481 mm and on the right side
is 10.8495 mm. Thus pedicle height is more
on the right side.

According to the literature available, it is
known that the pedicle height is always
greater than the pedicle width. The present
study also agrees with this finding.
However, the width of the pedicle is more
important during the selection of pedicle
screw diameter in comparison to pedicle
height during spinal surgeries. It has also
been found that the dimensions and angle of
the thoracic pedicle change progressively
as we move from the upper thoracic spine
distally and there is a progressive increase
in thickness caudally. Hence based on our
study and with the findings of Datir and
Mitra [28] we can note that even a 4-mm
screw should be used carefully at the mid-
thoracic level. Our findings are similar to
that of Tan et al. [25] who pointed out that
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except for T1 and T10-T12, the pedicle

width was not

wide

enough

to

accommodate a
screw.

5-mm
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Table 2: Comparison of Pedicle dimensions from previous studies (P.H=Pedicle height,
PW=Pedicle width).

transpedicular

S. No. | Observer Year | Country | P.W (mean) mm | P.H (mean) mm
1. | Berry JL etal 1987 | USA 5.6(1T2,T7) 11.9(T2, T7)
. | Zindrick MR. etal | 1987 | USA 5.46 12.21
3. | Panjabi. et al 1991 | USA Left:6.43 Left:11.93
Right:6.61 Right:11.76
4. | McLain R Fetal |2002 | USA 5.87 11.61(T2-T6)
5. | Datir.SP et al 2004 | INDIA 5.26 12.16
6. | Tanetal 2004 | SINGAP | Left:4.54 Left:9.41
ORE Right:4.56 Right:9.53
7. | Pai BS et al 2010 | INDIA 5.09 10.37
8. | Singh. Retal 2011 | INDIA 4.88 11.12
9. | Patil DK et al 2014 | INDIA Left: 4.33 Left: 10.54
Right:4.29 Right:10.62
10.| Garg S et al 2019 | INDIA Left: 5.71£1.22 Left: 10.38 +1.26
Right:5.18+1.28 | Right:10.16+1.28
11.| Present study 2023 | INDIA Right 4.2420 Right 10.8495
+ 1.044 +1.172
Left 4.2473 Left 10.8481
+0.917 + 1.082
Conclusion fixation on cadavers could have provided

We have obtained comprehensive data on
the dimensions of pedicles in typical
thoracic vertebrae. The findings of our
study are similar to the observations made
by other Indian researchers. However, our
measurements were lower when compared
to those of Caucasians [8,21,20,16]. These
differences could be attributed to the larger
physique of the Caucasians.

These findings can be used for the synthesis
of appropriate pedicular screws and
prostheses for various surgical procedures
and instrumentation specific to the Indian
population. This will help the surgeons to
perform more precise and safe surgical
procedures.

Limitations

There are a few limitations of the study. We
were unable to study the sex and age-
related differences as we studied only the
dry vertebral bones whose age and sex were
undetermined. Secondly, doing screw
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more accurate knowledge on the size of
screws needed and the sizes that will lead to
a breach in the cortex of pedicles. However,
we could not perform the same due to the
lack of availability of sufficient cadavers.
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