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ABSTRACT 

Objective: To study the thoracic spine anatomy for accurate placement of pedicle screws using computerized 

tomography. 

Material and Methods: CT scans of 200 patients were included in our study. T1 to T12 vertebrae morphology 

was studied for each patient. Following measurements were taken, 1: Transverse pedicle width, 2 = Depth of 

anterior cortex along pedicle axis, 3 = Transverse pedicle angle, 4 = canal dimensions, 5 = vertebral body 

height anterior and posterior, 6 = mid vertebral body width. 

Results:  Transverse pedicle width decreased from T1 (4.06 ± 0.50 mm) to T4 (3.72 ± 0.17 mm) and then 

gradually increases to T12 (6.08 ± 0.60 mm). Depth of the anterior vertebral cortex remained constant from T1 

to T4 and gradually increases up to T12. Transverse pedicle angle remained constant from T1 to T4 with a 

maximum at T4 (23.39 ± 3.15 mm) and then gradually decreased to T12 (3.99 ± 2.16 mm). Anteroposterior 

(AP) canal dimensions were minimum at T7 (17.03 ± 1.01 mm) and maximum at T2 (21.2 ± 1.07 mm). 

Interpedicular (IPD) canal dimensions were minimum at T6 (19.18 ± 1.6 mm) and maximum at T3 (23.18 ± 

1.2 mm). Anterior vertebral body height was minimum at T1 (16.9 ± 1.34 mm) and maximum at T12 (27.14 ± 

1.34mm). Posterior vertebral body height was minimum at T1 (18.8 ± 1.13 mm) and maximum at T12 (29.76 ± 

1.43 mm). 

Conclusion:  A detailed anatomy of the thoracic spine is essential for surgical planning to decrease 

postoperative complications. 

Keywords:  Thoracic spine, Morphology, Pedicle screw fixation (PSF), Interpedicular distance (IPD), 

Postoperative complications. 
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INTRODUCTION 

The vertebral column is an important structure of 

the human body. It provides axial support to the 

skeleton. It consists of vertebrae, intervertebral 

discs, spinal cord, and nerves. The thoracic region 

of the spine is a relatively fixed segment of the 

spine as compared to cervical and lumbar 

regions. Thoracic cage provides inherent stability 

to the thoracic spine. There are 12 thoracic 

vertebrae and all have facet joints for diarthrodial 

articulations. The first and last four have specific 

features with respect to their rib articulation but 

the rest of the vertebrae are similar. The body of 

the mid-thoracic vertebrae is heart-shaped and its 

size is half as compared to cervical and lumbar 

vertebrae. Each vertebra has two demifacets and 

these facets form the boundary of the vertebral 

foramen. The spinal canal is narrowest in the 

thoracic region which predisposes the spinal cord 

to severe compression in response to injury. 

Thoracic pedicle arises superiorly from the dorsal 

aspect of vertebrae. Pedicle height increases 

gradually from T1 to T12 but the transverse 

pedicle width does not increase craniocaudally. 

The vertebral lamina is a flat structure located 

medial to the superior articular facet. Two laminae 

join to form the base of a spinous process. The 

superior articular facet is a shelf-like projection 

arising from the junction of the pedicle and 

lamina. The landmark of pedicle screw insertion is 

2 to 3 mm lateral to the midline of superior 

articular facet.1-4 

 Posterior spine fixation is an important 

surgical technique for arthrodesis of various spine 

pathologies like trauma, tumor, infection, 

deformity.5 This rigid fixation can be done by 

hooks, rods, and wires. Now a days transpedicular 

screw fixation is the most popular technique for 

spine surgeries. This has good biomechanical 

stability.6 This allows fusion also at the 

cervicothoracic and thoracolumbar regions. 

Pedicle screw fixation has a few complications. 

Malposition of the screw may result in 

neurovascular injuries. If there is an anterior 

cortex breech, it may injure the main vessels 7. 

Medial pedicular breech may result in 

neurological deficit and a breach of <2 mm is well 

tolerated.8 

 Due to the complexity of thoracic spine 

anatomy and the surgical procedure required, the 

morphology of this region should be determined 

preoperatively. Computerized tomography is an 

important tool to determine the morphology of 

the spine. By doing preoperative CT scans, we can 

determine the exact pedicle size, length, and 

angulation at each level.9 

 As previous data of thoracic spine 

morphology was available of the white 

population. An insufficient local data is available 

in our population. Previous data to determine the 

morphology of the spine was done by cadaveric 

techniques or radiologically. CT scan is a gold 

standard technique for the morphology of the 

spine. By determining the exact morphology of 

the spine, we can do a precise diagnosis of 

disease, biomechanics of the spine, and do 

proper implant selection. This is due to a growing 

interest in thoracic spine instrumentation. 

Therefore, the aim of our study was to determine 

the detailed morphology of the thoracic spine 

using a CT scan in our population. 

 
MATERIAL AND METHODS 

Study Design and Settings 

A descriptive study was conducted at the 

Bakhtawar Amin Hospital, Multan. 

 

Sampling Technique and Sample Size 

Sampling technique was the simple random 

probability sampling. 200 patients were included 

in this study. 

 

Inclusion Criteria 

Patients of age between 15 to 60 years with both



Waqas Noor Chughtai, et al: Computerized Tomographic Based Study of Thoracic Spine Morphology in Relevance to Pedicle 

 

http//www.pakjns.org         Pak. J. of Neurol. Surg. –2021 – 25 (2): 199-206.        201   
 

genders were taken in this study. CT scans thorax 

of these patients were studied in this research. CT 

scan of thorax was done for other pathologies. 

These patients do not have any thoracic spine 

pathologies. 

 

Exclusion Criteria 

Patients having extremes of age. Patients of 

thoracic spine pathology like trauma, tumor, 

infection, deformity, and osteoporotic fractures 

were excluded from our study. 

 

Data Collection 

200 patients’ data was studied. Thoracic spine 

vertebrae T1 to T12 were studied in every patient. 

The study was done for a duration of 2 years from 

January 2019 to December 2020. Informed 

consent was taken from every patient and 

approval from the hospital ethical board was 

taken. CT scan of thorax was done with a Window 

length of 300 and window width of 1500. Slice 

thickness 4.0 mm. All measurements were done 

by a single observer to prevent interobserver 

discrepancy. The bone window was used to do 

measurements of the spine. 

 

Radiographic Measurements 

Axial images of the spine were selected for 

measurements of pedicle morphology, canal size. 

The level of cut was selected where right and left 

pedicles appear maximum in dimensions. 

Midsagittal images were taken for the calculation 

of vertebral body dimensions. The software 

Radiant DICOM Viewer 2020.1 (64 bit) was used 

to measure the dimensions of vertebrae. In the 

measurement and tools section of the software, 

the length, width, and angle tools were used. The 

scale which is present in software was used to 

draw lines along the relevant dimension to get 

measurements in millimeters and degree of 

angulation. 

 The following measurements were done of

the vertebrae on these regions: 

a. Transverse pedicle width: It is the width of the 

pedicle in the transverse plane. The width of 

the pedicle was measured from the outer 

cortex to the outer cortex of the pedicle. 

b. Depth of anterior vertebral cortex along 

pedicle axis: This is the length of the pedicle 

which is taken from the posterior cortex of 

lamina posteriorly then along the pedicle 

longitudinal axis to the anterior cortex of the 

vertebral body. 

c. Transverse pedicle angle: This is the 

transverse pedicle angle made by two lines. 

One-line is drawn along the pedicle 

longitudinal axis and another line is along 

with the AP midline axis. 

d. Canal dimensions: Canal dimensions were 

measured in AP (Anteroposterior) and IPD 

(Interpedicular) planes. 

e. Vertebral body height: Both anterior and 

posterior vertebral body height were 

measured from superior to inferior endplates. 

f. Vertebral body width: vertebral body width 

was measured at the middle of the vertebral 

body. 

 

Data Analysis 

Mean, standard deviation, minimum and 

maximum measurements were calculated in SPSS 

version 25. Demographic analysis was done for 

age and gender. 

 
RESULTS 

Age & Gender Distribution 

There were 43.5% male and 56.5% female in 

study. 

 

Age Distribution 

Mean age was 38.09 ± 8.94 years. Age range was 

20 to 60 years. 

 There was no significant difference in data of
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right and left pedicles, so both were analyzed 

together. 

 

Transverse Pedicle Width 

Transverse pedicle width was minimum at T4 

(3.72 ± 0.17 mm). Maximum was observed at T12 

(6.08 ± 0.60 mm). At T1 level the width was (4.06 

± 0.50 mm). The pedicle width gradually 

decreased from T1 to T4 and increased till T12. At 

T1 and T5 levels, 92% of pedicles were smaller 

than 5 mm at T1 and 84% of pedicles were 

smaller than 5 mm at T5. So these pedicles 

cannot accommodate 4 mm screw having 1 mm 

clearance. At T12 level, 94% of pedicles were 

smaller than 7 mm, so these cannot 

accommodate 6 mm screw having 1 mm 

clearance (Figure 1). 

 

Depth of Anterior Cortex 

Depth of anterior vertebral cortex remained 

constant from T1 (29.42 ± 2.780 mm to T4 (28.99 

± 2.66 mm) and gradually increases up to T12 

(41.53 ± 2.07 mm). T1 to T4 vertebrae can 

accommodate a screw length of 25 mm. T5 and 

T6 levels up to 30 mm. T7 to T12 levels can 

accommodate a screw of 35 – 40 mm (Table 1). 

 

Transverse Pedicle Angle 

Transverse pedicle angle remained constant from 

T1 to T4 with a maximum at T4 (23.39 ± 3.15 mm) 

and then gradually decreased to T12 (3.99 ± 2.16 

mm) (Table 1). 

 

Canal Dimensions 

Anterior (AP) canal dimensions remain stable

 

 
 

Figure 1: CT Scan Measurements of Thoracic Spine. 
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between T1 and T12 with a minimum at T7 (17.03 

± 1.01 mm) and a maximum at T2 (21.2 ± 1.07 

mm). Interpedicular (IPD) canal dimensions were 

minimum at T6 (19.18 ± 1.6 mm) and maximum 

at T3 (23.18 ± 1.2 mm) (Table 1). 

 

Vertebral Body Height Anterior and 

Posterior 

Vertebral body height anterior and posterior both 

gradually increased from T1 down to T12. At all 

levels, posterior vertebral body height is greater 

than anterior body height. Anterior vertebral 

body height was minimum at T1 level having a 

mean of 16.9 ± 1.34 mm and maximum at T12 

vertebral level having a mean of 27.14 ± 1.34 mm. 

Posterior vertebral body height was minimum at 

T1 level having a mean of 18.8 ± 1.13 mm and 

maximum at T12 level with a mean of 29.76 ± 

1.43 mm (Table 1). 

 

Mid-body Vertebral Width 

Vertebral body width increased from T1 to T12 

level. It was minimum at T2 level with a mean of 

32.1 ± 2.41 mm and maximum at T12 level with a 

mean of 44.27 ± 3.21 mm. 

 
Table 1: Measurements of the Spine on CT. 

Level 

Transverse 

Pedicle 

Width mm 

Pedicle 

Angle0 

Depth of 

Anterior 

Cortex mm 

Canal 

Dimension 

AP mm 

Canal 

Dimension 

IPD 

mm 

Vertebral 

Body Height 

Anterior 

mm 

Vertebral 

Body Height 

Posterior 

mm 

Mid Vertebral 

Body Width 

mm 

T1 4.06 ± 0.50 23.3 ± 3.1 29.42 ± 2.78 18.01 ± 1.2 22.4 ±1.4 16.9 ± 1.34 18.8 ± 1.13 32.6 ± 1.11 

T2 3.75 ± 0.16 23.2 ± 3.22 29.11 ± 2.76 21.2 ± 1.07 21.22 ± 1.3 17.98 ± 1.3 19.81 ± 2.01 32.1 ± 2.41 

T3 3.75 ± 0.15 23.03 ± 3.29 29.12 ± 2.77 20.1 ± 1.1 23.18 ± 1.2 20.13 ± 1.49 20.1 ± 1.31 32.67 ± 2.14 

T4 3.72 ± 0.17 23.39 ± 3.15 28.99 ± 2.66 19.01 ± 1.20 21.22± 1.6 20.98 ± 1.51 21.2 ± 1.13 33.23 ± 2.34 

T5 4.54 ± 0.27 13.31 ± 3.16 37.63 ± 1.60 19.6 ± 1.16 20.9 ± 1.9 21.7 ± 1.47 22.35 ± 1.32 35.12 ± 2.17 

T6 4.56 ± 0.28 12.83 ± 3.24 34.54 ± 4.49 18.5 ± 1.17 19.18 ± 1.6 22.17 ± 1.51 23.30 ± 3.0 35.48 ± 2.17 

T7 4.54 ± 0.28 13.29 ± 3.13 37.17 ± 2.74 17.03 ± 1.01 21.24 ± 1.4 22.20 ± 1.16 23.23 ± 1.31 38.21 ± 1.17 

T8 4.54 ± 0.27 13.40 ± 3.10 36.01 ± 3.60 17.1 ± 1.3 19.4 ± 1.1 23.8 ± 1.21 25.6 ± 1.32 38.62 ± 2.17 

T9 5.55 ± 0.28 4.54 ± 2.22 41.34 ± 2.14 18.41 ± 1.19 19.8 ± 1.3 24.7 ± 1.37 26.31 ± 1.19 39.62 ± 2.23 

T10 5.52 ± 0.26 3.98 ± 2.13 41.75 ± 2.05 18.24 ± 1.4 22.0 ± 1.22 25.8 ± 1.7 28.12 ± 1.29 42.10 ± 2.71 

T11 5.63 ± 0.39 4.68 ± 2.23 41.47 ± 2.10 17.9 ±1.0 21.32 ± 1.2 26.12 ± 1.4 28.12 ± 1.43 42.76 ± 2.6 

T12 6.08 ± 0.60 3.99 ± 2.16 41.53 ± 2.07 18.1 ± 1.2 20.1 ± 1.15 27.14 ± 1.34 29.76 ± 1.43 44.27 ± 3.21 

 
DISCUSSION 

The thoracic spine is an important part of the 

spine. Many pathologies that involve the thoracic 

spine may require surgical procedures for a better 

outcome. Increasing use of CT scan has made it 

possible to determine the morphology of the 

spine. In our study, we have studied the 

morphology of the thoracic spine using CT scan. 

Transverse pedicle width is crucial for 

Transpedicular screw fixation. In each level of 

screw insertion, there should be 1 mm clearance 

in width of the pedicle. Our results show that at 

T1 and T5 levels, 92% of pedicles were smaller 

than 5 mm at T1 and 84% of pedicles were 

smaller than 5 mm at T5 level. So these pedicles 

cannot accommodate 4 mm diameter screw 

having 1 mm clearance. Kaur K et al results on 

this topic show that at T4 level 76% of pedicles 

and at T5 level 62% of pedicles would not 

accommodate a screw of 4 mm. At T1 level 2% of 

pedicles, T11 level 7% of pedicles and at T12 level 

8% of pedicles would not accommodate a screw 

of 4 mm.10 Kretzer et al has done a study on 

thoracic pedicle morphology in the United States 

in trauma patients in 2011. He showed that if a 

pedicle width is smaller and we cannot insert a 
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pedicle screw, there are options of laminar hooks 

and laminar screws and pedicle screw within in-

out technique.11 In this technique, the pedicle 

screw is inserted from the junction of pedicle and 

rib head. Another option is to skip the level and 

apply screws in above and below levels. Our 

results also show that the pedicle screw should 

not be inserted in a pedicle with the narrowest 

width. Because this will jeopardize the spinal cord 

and nerves. At these levels, other procedures like 

transpedicular biopsy, vertebroplasty, and 

decompression can be done to avoid injury. 

 Our results showed that transverse pedicle 

angle remained constant from T1 to T4 level with 

maximum anteromedial angulation at T4 (23.39 ± 

3.15 mm) and then gradually when we move 

caudally from T4 to T12, it decreases to T12 (3.99 

± 2.16 mm). It means that even at T12 levels in 

our data, there is no anterolateral angulation. This 

data will help us in planning the angulation of the 

pedicle screw. This is important because a medial 

and lateral breach of the pedicle will jeopardize 

the adjacent structures. A medial pedicle breach 

can damage the spinal cord and nerve roots. A 

lateral pedicle breach can damage the vascular 

structures in the thorax. Acharaya et al studied 

the pedicle anatomy and their data showed that 

at lower thoracic levels, there is anterolateral 

angulation which is in contrast to our study.13,14 

Pai et al data showed that there is no 

anterolateral angulation at lower thoracic levels.12 

This study results match the results of our study. 

Kretzer et al data showed right and left side 

pedicle angulation differences. He found that the 

left side pedicle needs 1.7°  more angulation as 

compared to the right side pedicles. The reason is 

that due to descending aorta, the left side of the 

pedicles and vertebral body were less developed 

as compared to the right side.11 

 Depth of anterior vertebral cortex remained 

constant from T1 level (29.42 ± 2.78 mm) to T4 

level (28.99 ± 2.66 mm) and gradually increases 

up to T12 (41.53 ± 2.07 mm). This determines the 

screw length. So T1 to T4 vertebrae level can 

accommodate a screw length of 25 mm. T5 and 

T6 levels can accommodate up to 30 mm. T7 to 

T12 levels can accommodate a screw length of 

35 – 40 mm. Our results match with the study 

done by Datir et al and Panjabi MM et al.1,9,10,15,16 

The pedicle screw length in our study is smaller 

than the Vaccaro AR et al and Zindrick 

MR et al.17,18 Transpedicular screws are 

biomechanically strong and they incorporate 

three columns of the spine (anterior, middle, and 

posterior). Transpedicular screws have a strong 

cortical purchase of pedicle as compared to the 

cancellous bone of the vertebral body. The depth 

of the anterior cortex is important because it 

determines screw length. If a long screw is 

applied, it may perforate the anterior vertebral 

body and damage the intrathoracic structures and 

main vessels. 

 Anterior (AP) canal dimensions remain stable 

between T1 and T12 with a minimum at T7 (17.03 

± 1.01 mm) and maximum at T2 (21.2 ± 1.07 

mm). Interpedicular (IPD) canal dimensions were 

minimum at T6 (19.18 ± 1.6 mm) and maximum 

at T3 (23.18 ± 1.2 mm). The results are shown by 

Chaynes et al showed an increasing trend in canal 

size from T1 to T12 which do not match our 

results.19 But our results match with the cadaveric 

studies.1 

 Canal to cord dimensions is important 

because of the blood supply of the thoracic 

region. The mid Thoracic region has a critical 

vascular region at T10 level due to the artery of 

Adamkiewicz. Mid thoracic region canal 

dimensions become more important surgically 

because the less transverse width of pedicles so 

can put the spinal cord at risk of injury. Thoracic 

spinal cord dimensions are important 

anesthetically because of the increasing use of 

Trans Epidural anesthesia. Trans Epidural 

anesthesia is given by anesthetists. 

 Vertebral body height anterior and posterior 

both gradually increases from T1 down to T12. At 

all levels, posterior vertebral body height is 

greater than anterior body height. The reason is 
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the physiological kyphosis of the thoracic spine 

where anterior vertebral height is smaller than 

posterior vertebral height at all levels. These 

results match with other cadaveric studies and 

also with the results of Tan et al.20 

 Vertebral body width increased from T1 to 

T12 level. It was minimum at T2 level with a mean 

of 32.1 ± 2.41 mm and maximum at T12 level with 

a mean of 44.27 ± 3.21 mm. This is due to the 

erect posture of humans and weight-bearing of 

the lower thoracic vertebrae. These results match 

with the results of Biscevic et al.21 

 
CONCLUSION 

Thorough knowledge of the anatomy and 

radiology of the thoracic spine is essential for 

both surgeons and anesthetists. Detailed 

knowledge of anatomy will help in preoperative 

surgical planning of implant and this will reduce 

postoperative complications. Our data provide 

baseline information of the thoracic spine 

anatomy in our population. 

 

Limitation and Recommendation 

Our study has a few limitations. First is that we 

have taken axial cuts of CT scan which is two-

dimensional presentations. The human pedicle 

has a three-dimensional shape. So a two-

dimensional presentation is not fully 

representative of pedicle morphology. Another 

limitation is that we have used 4 mm slice 

thickness of CT scan. We may miss valuable 

information between slices. Acharaya et al13 has 

used 3 mm slice thickness of CT scan. Datir et al15 

has used 5 mm, slice thickness. When we 

compare the data of these studies, the results are 

not significant. 
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