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ABSTRACT: CONTEXT (BACKGROUND): It is very essential for a surgeon to have the knowledge of
pedicle parameters for stabilizing the thoracic vertebra by Transpedicular screw fixation. AIM: To
measure the anterior pedicle diameter, posterior pedicle diameter, pedicle diameter at isthmus
(minimum pedicle diameter), sagittal pedicle diameter, pedicle length and chord length of all twelve
thoracic vertebrae in south Indian population and to determine the length and diameter of the screw
for accurate and hazardless surgery. SETTINGS AND DESIGN: A cadaveric study was done in a
medical institution. METHODS AND MATERIALS: Study was done on 20 cadaveric specimens of
thoracic region of vertebral column. All the thoracic vertebrae (T1-T12) were separated in all 20
specimens, and in total 480 pedicles were studied for anterior pedicle diameter, posterior pedicle
diameter, pedicle diameter at isthmus, sagittal pedicle diameter, pedicle length, and chord length
and with the help of these statistics the diameter and length of the screw were determined.
STATISTICAL ANALYSIS USED: Simple analysis was used. RESULTS: Pedicle diameter at isthmus
(minimum diameter) at T1 is 6.98+1.15, which decreases caudally to minimum at T4 (3.90+0.80)
then gradually increases caudally to a maximum at T12 (7.88+1.38). Anterior pedicle diameter at T1
is 7.56+1.09 which decreases caudally to minimum value at T5 (5.28+0.92), and again increases
caudally reaching maximum value at T12 (9.04+1.63). Posterior pedicle diameter at T1 is
(7.74%1.34) which decreases caudally to minimum at T4 (4.70£1.00), and increases caudally to a
maximum value at T12 (8.51+1.20). Sagittal diameter at isthmus is gradually increasing from
minimum at T1 (8.47£0.87) to maximum at T12 (15.40%2.20). The Chord length is minimum at T1
(31.88+2.67) and gradually increases caudally to a maximum at T12 (45.57+3.86). The Pedicle
length is minimum at T1 (4.84+0.85) and increases caudally to a maximum at T8 (6.14+0.99) and
again decreases caudally and at T12 Pedicle length is (5.15%£0.64). CONCLUSIONS: Spinal surgeons,
neurosurgeons or orthopaedic surgeons should have the essential knowledge of pedicle diameter
and chord length for selecting the appropriate Transpedicular screw.

KEY WORDS: Thoracic pedicle, Pedicle diameter, Chord length, Transpedicular screw, pedicle
morphometry

INTRODUCTION: The pedicles of thoracic vertebrae are tube like bony structures that connect the
anterior and posterior columns of pedicle [1]. The transpedicular screw-rod fixation for spinal
stabilization through the posterior approach is the recent and evolving technique. The
transpedicular screw-rod fixation technique in thoracic spine has been used successfully in various
clinical approaches such as fracture, segmental instability, hyper kyphosis, scoliosis, infection and
tumours. However, insertion of thoracic pedicle screws is technically challenging and is associated
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with risk of damaging various neurologic and vascular structures like superior intercostal vessels,
oesophagus, azygous vein, inferior venacava, thoracic duct, aorta, lungs, sympathetic chain and
spinal cord with duramater. These potential risks are due to the varying pedicle dimensions and
orientation at every level of the thoracic vertebrae, also differences in thickness and strength of the
pedicle between adults and elderly individuals; also makes the technique even more complex [2][3].
And risks can be made minimal only with proper knowledge of technique, pedicle diameter and
screw diameter and length. Hence we feel the spinal surgeon, neurosurgeons and orthopaedic
surgeons should know the correct diameter and length of the Transpedicular screw and
measurements of pedicle for the emergency as well as planned Transpedicular screw fixation of
thoracic vertebrae

MATERIALS AND METHODS: Thoracic part of the vertebral column from 20 well embalmed
cadavers aged around 40 to 65 years which are free of any spinal disorders were separated and
labeled from 1 to 20 serially. The vertebrae were separated and soft tissue was removed by clean
and meticulous dissection and immediately labeled with the number corresponding with the
number of thoracic vertebra in the body. The following parameters of the thoracic vertebrae were
measured with the help of digital vernier calipers in millimeters and immediately noted in the
preformed proforma.

e Anterior pedicle diameter at the junction of pedicle with the body of vertebra (APD)

e Posterior pedicle diameter at the junction of pedicle with the lamina (PPD)

e Pedicle diameter at isthmus (minimum diameter) (PDI)

e Sagittal pedicle diameter at the isthmus(SDI)

e Chord length(co-axial distance from the lamina to anterior vertebral cortex along the axis of

pedicle) (CL)

e Pedicle length (between the lamina and vertebral body) (PL)
There was not much of difference statistically in the measurements done between right and left side
pedicles so data of both right and left side pedicles were pooled and analysed.

Figure legend 1.Showing the marking for
measurement of PDI, APD, PPD and CL
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Figure legend 2 & 3. Showing marking for measuring SDIand PL respectively

RESULTS:

Pedicle diameter at isthmus (minimum pedicle diameter) (PDI): Tabulation of the PDI of 12
thoracic vertebrae is shown in table 1. The Range and Mean PDI with SD of all thoracic vertebrae are
shown. The PDI at T1 is (6.98+1.15) which goes on decreases in downward direction and minimum
value reached at T4 (3.90+0.80) and goes on increases downwards and maximum value found at

T12 (7.88+1.38).

Vertebral level Range Mean * SD
T1 5.15-8.85 | 6.98+1.15
T2 3.55-7.85 | 5.62+1.08
T3 2.83-5.78 | 4.43+0.75
T4 2.6-5.52 | 3.90+0.80
T5 2.7-515 | 3.93%0.71
Té6 2.54-6.69 | 4.28+1.04
T7 2.7-721 | 4.77+1.26
T8 3.2-7.02 | 4.95%1.13
T9 3.75-7.93 | 5.59+1.13
T10 3.2-9.7 6.66+1.44
T11 5.15-10.14 | 7.55%£1.19
T12 5.87-10.48 | 7.88+1.38

Table 1: Pedicle diameter at isthmus

SD-Standard deviation

Anterior pedicle diameter (APD): Tabulation of the APD of 12 thoracic vertebrae is shown in table
2. The Range and Mean APD with SD of all thoracic vertebrae are shown. The mean APD at T1 is
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7.56+1.09 which goes on decreasing and reaching minimum value at T5 (5.28+0.92), and again goes
on increases downwards towards T12 reaching maximum value (9.04+1.63).

Vertebral level Range Mean * SD
T1 5.62-9.3 7.56+1.09
T2 4.2-8.5 6.08+1.07
T3 4.18-7.65 | 5.55%0.96
T4 3.6-8.69 | 5.32+1.23
T5 3.1-6.7 5.28+0.92
T6 3.3-7.35 5.6+1.08
T7 3.53-8.46 | 5.95%1.39
T8 4.16-7.8 | 6.09+1.04
T9 4.48-9.67 | 6.97+1.46
T10 5.11-10.48 | 8.03%x1.51
T11 6.15-11.45 | 8.91+1.28
T12 6.16-11.93 | 9.04+1.63

Table 2: Anterior pedicle diameter

SD-Standard deviation

Posterior pedicle diameter (PPD): Tabulation of the PPD of 12 thoracic vertebrae is shown in
table 3. The Range and Mean PPD with SD of all thoracic vertebrae are shown. The PPD at T1 is
(7.74%£1.34) which goes on decreases as we move downwards and reaches minimum at T4
(4.70£1.00), and goes on increases in downward direction to a maximum value at T12 (8.51+1.20).

Vertebral level Range Mean * SD
T1 5.5-10.02 | 7.74+1.34
T2 4.05-9.4 | 6.23%¥1.35
T3 3.64-7.05 | 5.30+0.91
T4 3.2-71 4.70+1.00
T5 3.1-692 | 4.79+0.91
Té6 3.2-8.19 | 5.18+1.24
T7 3.5-8.19 | 5.53#1.25
T8 4.15-7.45 | 5.75%1.02
T9 4.2-8.75 6.29+1.34
T10 5.05-10.16 | 7.43%+1.35
T11 4.72-11.52 | 8.21+1.36
T12 6.5-11.02 | 8.51£1.20

Table 3: Posterior pedicle diameter

SD-Standard deviation
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Sagittal pedicle diameter at isthmus (SDI): Tabulation of SDI of 12 thoracic vertebrae is shown in
table 4. The Range and Mean SDI with SD of all thoracic vertebrae are shown. The SDI is gradually
increasing from minimum at T1 (8.47+0.87) to maximum at T12 (15.40+2.20).

Vertebral level Range Mean + SD
T1 6.85-10.6 8.47+0.87
T2 7.82-12.58 | 9.96+1.23
T3 6-12.8 9.65+1.38
T4 8.4-12.67 | 10.18+£1.21
T5 7.75-12.95 | 10.14+1.25
Té6 7.31-13.13 | 10.30+1.43
T7 7.94-13.81 | 10.91+1.47
T8 8.55-14.28 | 11.72+1.38
T9 8.1-16.25 | 12.74%1.77
T10 11.04-18.2 | 14.01+2.00
T11 10.27-19.09 | 15.35+2.20
T12 11.17-19.26 | 15.40+2.20

Table 4: Sagittal pedicle diameter

SD-Standard deviation

Chord length (co-axial distance from the lamina to anterior vertebral cortex along the axis of
pedicle) (CL): Tabulation of the CL of 12 thoracic vertebrae is shown in table 5. The Range and
Mean CL with SD of all thoracic vertebrae are shown. The CL is minimum at T1 (31.88+2.67) and
gradually increased downwards and maximum at T12 (45.57+3.86).

Vertebral level Range Mean + SD
T1 28.23-36.92 | 31.88+2.67
T2 30.33-39.65 | 34.33+2.96
T3 31.95-42.6 | 36.15+3.25
T4 34.09-41.75 | 37.96+2.52
T5 33.75-44.03 | 39.26+2.91
Té6 35.4-46.72 | 41.04+3.19
T7 38.45-48.7 | 43.41+2.86
T8 38.00-49.88 | 43.74+3.13
T9 38.43-50.47 | 44.48+3.51
T10 37.5-50.18 | 43.87+3.36
T11 38.2-50.8 | 43.83%+3.39
T12 33.62-50.5 | 44.57+3.86

SD-Standard deviation
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Pedicle length (PL): Tabulation of PL of 12 thoracic vertebrae is shown in table 6. The Range and
Mean PL with SD of all thoracic vertebrae are shown. The PL is minimum at T1 (4.84+0.85) and
increases in downward direction to a maximum at T8 (6.14+0.99) and again decreases downwards

and at T12 PLis (5.15+0.64).

Vertebral level | Range | Mean *SD
T1 3.78-6.8 | 4.84+0.85
T2 3.66-7.2 | 5.23+1.10
T3 4.42-8.62 | 5.60+1.05
T4 3.91-7.15 | 5.68+0.89
T5 4.15-7.31 | 5.86+0.98
T6 4.51-7.39 | 5.94%0.86
T7 4.86-8.05 | 6.01£0.67
T8 4.9-8.57 | 6.14+0.99
T9 4.96-9.1 | 6.00+1.13
T10 4.3-6.23 | 5.27+0.57
T11 4.18-6.75 | 5.19+0.75
T12 4.1-6.5 5.15+0.64

Table 6: Pedicle length

SD-Standard deviation

DISCUSSION: Transpedicular screw fixation in the thoracic spine remains an extremely debated
topic with any spinal surgeon [4]. Pedicle screw, rod/plate instrumentation has become a popular
and accepted method of dorsal spinal stabilization [2]. It is considered biomechanically superior and
offers an alternative to the traditional hook and rod instrumentation. Transpedicular screw devices
provide secure attachment for posterior spinal fixation technique. Screw design details,
biomechanics and implantation safety depend upon anatomic constraints, especially from the
pedicle and body [5]. The most important parameters of pedicle influencing the screw placement
are: pedicle diameter at isthmus (minimal pedicle diameter) and chord length as these decides the
upper limit of diameter and length of the transpedicular screw and also they influence the screw
bone interface strength.

The pedicle diameter at isthmus (minimal diameter) (PDI) is the parameter which decides
the diameter of the transpedicular screw should be used. The mean PDI of our study at various levels
were comparable with the results of Datir et al, who has done the study on Indian population, and
suggests that a 4mm screw should be used carefully at mid-thoracic levels [6]. Our study results are
also comparable to other studies [3, 4, 7, 8, 9 & 10]. The PDI greatly diminished at T4-T6 levels, 33%
of T4 and 25% of T5 pedicle were smaller than 4.5mm in diameter, where standard pedicle screw
was used [4 & 11]. In our study we found minimum pedicle diameter at T4-T5 with a mean of
3.90+0.80 and 3.93%0.71 respectively. Hence we suggest use of 3.5 mm diameter screw at these
levels is safe. The parameters of screw at other levels also shown in the master table 7.
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Anterior and posterior diameters of pedicle are not much influencing parameters for the
determining the transpedicular screw diameter. We have presented in our study as no authors have
studied these two parameters.

Chord length is the parameter that directly decides the safe length of the transpedicular
screw for avoiding any visceral or neurovascular catastrophes [3, 7 & 11].Shorter CL of upper
thoracic spine, inadequate fluoroscopic visualization during surgery with the usage of longer screw
is the main reasons for worrisome complications. The results of our study are in concurrence with
the study of Datir et al, who suggested the 25mm screw and 30mm screw for upper and mid-
thoracic levels respectively [6]. The mean CL values of our study are comparable to other studies [3,
5,7, & 11]. Safe length of screw determined from our study is shown in master table 7.

Sagittal diameter does not influence the pedicle screw choice because it always exceeds
pedicle diameter. McLain et al states that, SD varies considerably less from level to level. Only at T1
and T2 did the SD approximate the PD and below T2, the dimension SD grows relatively greater than
PD with each level caudally. This resulted in increasingly narrow, oblong pedicles on cross sections
in T4-T6 specimens [11]. But this was not noted in our study, the SD was not approximate to PDI at
T1-T2 levels and it increased from T1 till T12 in cephalo-caudal direction. Our values of SDI matched
with the data of other authors [7, 8,9, 11, &12].

Pedicle length (PL) is partially important dimension because, it defines the minimum length
of the screw needed to obtain a grip on the entire pedicle. The pedicle itself seems to be a strong site
for screw placement. Krag M.H et al states that, the PL ranges from 40-46% of the chord length, and
then a transpedicular screw should be at least 46% of the chord length to obtain a grip along the full
strength of the pedicle. They have done the study on only T9-T12 vertebrae gave the mean values of
20.18 at T9 and 18.06 at T12 level [5]. In our study the pedicle length was more in mid-thoracic
levels compared to upper and lower thoracic levels, with maximum PL found at T8 6.14+0.99
minimum 4.84+0.85 at T1 and the PL at T12 is 5.15+0.64. Results of PL in our study, statistically and
percentage proportion of pedicle in chord length does not match with the values given by Krag M.H.
In our study the percentage proportion of PL in CL is ranges from 11-15%.

From the knowledge gained from this study we determined that the transpedicular screw
length should be 75% of the CL and should be 5-6 times the mean value of PL, and the diameter of
the screw required at every level is been shown in the Master table 7.

PL Screw parameters
Vertebral level | PDI (Mean) | CL (Mean) (Mean) % of PLin CL | after standardization
Diameter | Length*
T1 6.98 31.88 4.84 15 5-6 25
T2 5.62 34.33 5.23 15 5-5.5 25
T3 4.43 36.15 5.60 15 3.5-4 25
T4 3.90 37.96 5.68 15 3-3.5 30
T5 3.93 39.26 5.86 15 3-3.5 30
T6 4.28 41.04 5.94 14 3.5-4 30
T7 4.77 43.41 6.01 14 3.5-4 35
T8 4.95 43.74 6.14 14 3.5-4 35
T9 5.59 44.48 6.00 13 3.5-4 35
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T10 6.66 44.87 5.27 12 5.5 35
T11 7.55 44.93 5.19 12 5.5-6 35
T12 7.88 45.57 5.15 11 5.5-6 35

aster table 7: Showing the determined values of transpedicular

screw parameters after standardization.

*Length is 75% of chord length (CL) or 5-6 times the length of pedicle (PL). All measurements
are in millimeters

The results of study on thoracic pedicle measurements are very much essential and
important for the spinal surgeons, neurosurgeons and orthopedic surgeons who practices
transpedicular screw fixation technique. At times choosing the right screw is very important, for
which we strongly believe that the statistics of chord length, minimal pedicle diameter and the
diameter and length of transpedicular screw determined from our study is very useful.
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