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Abstract: Thoracic vertebrae anatomy is critical for understanding spinal mechanics and for surgical interventions in treating 
spinal disorders. Morphometric variations in vertebral structure can influence the outcomes of spinal surgeries and the 
management of various spinal conditions. Objective: This study aims to provide a detailed morphometric analysis of thoracic 

vertebrae, focusing on the variations in vertebral structure. The goal is to enhance the understanding of these variations and their 
implications for spinal surgery and treatment. Methods: This analytical study was conducted at the Private Hospital of Karachi 
from Feb 2024 to August 2024. Data were collected from 85 patients. Utilizing morphometric methodology, different parameters 

of morphometric dimensions were conducted and screened to reveal patterns and variations among the sample. Results: Data were 
collected from 85 patients, which indicates a progressive increase in vertebral body dimensions from T1 to T12, with height, width, 
and depth all showing a notable rise as one moves down the thoracic spine. Specifically, vertebral body height increases from 15.5 

mm at T1 to 23.2 mm at T12, while width and depth expand from 24.3 mm to 34.7 mm and 20.1 mm to 30.8 mm, respectively. This 
gradual increase suggests an adaptation to greater load-bearing demands in the lower thoracic region, likely providing enhanced 
structural support as the spine transitions toward the lumbar area. Conclusions: The observed morphometric variations in thoracic 
vertebrae have significant implications for spinal surgery, particularly in areas like implant design and surgical approach. A 
comprehensive understanding of these structural differences can aid in improving surgical outcomes and in developing 
personalized treatment strategies for spinal disorders. 
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Introduction

The thoracic spine, consisting of twelve vertebrae (T1-T12), 

plays a pivotal role in maintaining spinal stability, 

protecting the spinal cord, and providing an anchor point for 

the rib cage. All of the thoracic vertebrae are classified 
individually as regards their architecture and role in the 

functionality of the spinal segment; the added flexibility, as 
well as rigidity of this section of the spine, is uniformly 

attributable to the specific make-up of the spinal body and 

its associated elements (1). The thoracic vertebral body can 

withstand different kinds of loads and stress as well as give 
a limited degree of motion that isili for day-to-day activities. 

It is important to notice that these vertebrae are dissimilar in 
form, size and position which emphasizes specific changes 

that the element has undergone and the load applied to it. 

Due to the intricate structure of the thoracic spine, the 

further development of surgical procedures in this area 
depends on the detailed morphometric analysis of this area, 

the development of spinal treatment methods, as well as the 
study of spinal pathologies (2). In the morphometric 

analysis of the thoracic vertebrae, the measurements include 

vertebral body height and width, pedicle diameter, 
transverse and spinous process and the intervertebral disc 

space. These dimensions are important for the development 

of spinal implant products and in performing meticulous 

and complex surgical procedures in spine surgery including 

deformity correction, fracture management, and 
degenerative pathologies (3). In particular, the necessity of 

detailed knowledge regarding structural variations of the 
vertebrae arises from the increasing role of individual 

techniques in spinal surgery. For instance, scoliosis and 

kyphosis which are diseases affecting the spine need 

surgical interventions and here implant fit as well as 
vertebrae alignment is vital. Similarly, in vertebroplasty or 

spinal fusion operations, it is possible to determine screws, 
rods and other implants accurately, if the dimensions of the 

vertebrae are precisely known (4). 
For this purpose, there is a need to get more accuracy in 

measurements than usual, especially in spinal surgeries that 

involve the thoracic vertebrae since the spinal cord and ribs 

are close to the operation site. There is no better example 
than intraoperative navigation and minimally invasive 

techniques that stand to equally benefit from an accurate 
understanding of the thoracic vertebrae (5). Conventional 

and latest modalities including CT scans and MRI help 

surgeons in evaluating the vertebral morphology 

preoperatively. However, having a complete morphometric 
database improves preoperative planning since the surgeon 

is expected to have reference measurements to work from 

(6). In addition, knowledge about the specific differences 

reflecting each vertebra can be useful in predicting 
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difficulties and minimizing intraoperative adverse outcomes 

as well as enhancing the postoperative results. There is also 
the importance of knowledge about the thoracic vertebral 

structures for non-operative spinal pathology management 
(7). Diseases like osteoporosis, spondylolisthesis, and 

slipped discs plague the thoracic vertebrae, rendering most 
patients immobile and in severe pain most of the time (8). 

In conservative treatments morphometric data allow 
accessing the zones with a higher propensity to fractures or 

degeneration will help in preventive care. Moreover, such 
analyses in morphometry help construct an algorithm for 

evaluating the risk factors accounting for spinal disorders 
based on measurements of vertebral columns. For instance, 

they include smaller pedicle diameters or less height of 

vertebral bodies, which the latter may be associated with 
higher fracture rates or spinal instability in patients with 

osteoporosis (9). Objective This study aims to provide a 

detailed morphometric analysis of thoracic vertebrae, 
focusing on the variations in vertebral structure. The goal is 

to enhance the understanding of these variations and their 

implications for spinal surgery and treatment.  
 

Methodology  

This analytical study was conducted at Private Hospital of 

Karachi from Feb 2024 to August 2024. Data were collected 

from 85 patients. Utilizing morphometric methodology, 
different parameters of morphometric dimensions were 

conducted and screened to reveal patterns and variations 

among the sample. This methodological framework was 
developed for the improvement of morphological 

knowledge of the thoracic vertebrae which can be used for 
findings to improve surgical planning, spinal treatments and 

anatomic study. Any participant diagnosed with either 

congenital or acquired spinal deformity like scoliosis or 

kyphosis was not included in the study to avoid confounding 
the natural variability of spinal structures by spinal 

pathologies. Furthermore, data were collected only from 
patients with nearly full and outstanding quality thoracic 

spine imaging to enhance the measures’ validity. 
HWithContextation, high-resolution CT scans of the 

thoracic spine region only were taken with a view of getting 
accurate measurements. Ct imaging was chosen because it 

proved to provide detailed anatomical information on the 
vertebral structural morphology of the pedicles and spinous 

process. Individual thoracic vertebrae were studied and due 
to the importance of the shape and sizes of these vertebrae, 

measurements from both the transverse and the axial points 
of view were made. 

The following key structural parameters were recorded for 
each vertebra: 

Vertebral Body Height: Measured from the superior to the 

inferior endplate in the sagittal plane. 

Vertebral Body Width and Depth: Width was measured 

across the transverse plane at the widest point of the 

vertebral body, while depth was measured from the anterior 
to the posterior aspect. 

Pedicle Dimensions: The height and width of each pedicle 
were measured in the axial plane, given their importance in 

surgical planning and instrumentation. 

Transverse and Spinal Processes Lengths: To further assess 

morphological variations, measurements of the transverse 

and spinous processes were also taken to understand their 

contribution to the thoracic spine’s stability and function. 
Data Analysis and Statistical Methods 

The collected data were organised by thoracic level (T1-
T12) to identify patterns in vertebral morphology across the 

thoracic spine. Statistical analysis was conducted using 
statistical software to determine the presence of significant 

differences between vertebrae at different levels. 

Results 

Data were collected from 85 patients, which indicates a 

progressive increase in vertebral body dimensions from T1 
to T12, with height, width, and depth all showing a notable 

rise as one moves down the thoracic spine. Specifically, 

vertebral body height increases from 15.5 mm at T1 to 23.2 

mm at T12, while width and depth expand from 24.3 mm to 
34.7 mm and 20.1 mm to 30.8 mm, respectively. This 

gradual increase suggests an adaptation to greater load-
bearing demands in the lower thoracic region, likely 

providing enhanced structural support as the spine 

transitions toward the lumbar area. 
The results demonstrate a steady increase in pedicle height 

and width from T1 to T12, with pedicle height growing from 
6.3 mm at T1 to 9.4 mm at T12, and pedicle width 

expanding from 5.2 mm to 8.9 mm over the same range. 

These dimensions reflect anatomical adjustments in the 

lower thoracic vertebrae, likely to accommodate increased 
structural demands and support for spinal instrumentation. 

The results reveal a gradual decrease in transverse process 
length from T1 (23.1 mm) to T12 (18.4 mm), indicating a 

structural shift as the thoracic spine transitions toward the 
lumbar region. In contrast, the spinous process length 

remains relatively constant across thoracic levels, averaging 

around 20 mm. 

The correlation analysis indicates a strong positive 
relationship (r = 0.76) between vertebral body height and 

width, suggesting that vertebrae with greater height tend to 
also be wider, likely contributing to enhanced structural 

stability. Additionally, a moderate positive correlation (r = 

0.65) was observed between pedicle height and vertebral 

body depth, which may imply that deeper vertebrae are 
associated with larger pedicles, potentially supporting 

increased load-bearing capacity. 

Table 1: Vertebral Body Dimensions across Thoracic 

Levels (Mean ± SD) 

Thoracic 

Level 

Height 

(mm) 

Width 

(mm) 

Depth (mm) 

T1 15.5 ± 1.2 24.3 ± 1.1 20.1 ± 1.3 

T2 16.2 ± 1.3 25.1 ± 1.2 21.0 ± 1.4 

T3 17.0 ± 1.4 26.0 ± 1.2 22.2 ± 1.5 

T4 18.1 ± 1.3 26.8 ± 1.3 23.4 ± 1.5 

T5 19.0 ± 1.4 27.5 ± 1.4 24.2 ± 1.4 

T6 19.8 ± 1.5 28.1 ± 1.3 25.5 ± 1.4 

T7 20.5 ± 1.4 29.0 ± 1.5 26.7 ± 1.6 

T8 21.4 ± 1.6 29.6 ± 1.3 27.9 ± 1.7 

T9 22.1 ± 1.7 30.4 ± 1.4 28.5 ± 1.5 

T10 22.8 ± 1.6 31.2 ± 1.3 29.3 ± 1.6 

T11 23.1 ± 1.5 32.5 ± 1.4 30.2 ± 1.5 

T12 23.2 ± 1.6 34.7 ± 1.3 30.8 ± 1.6 
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Table 2: Pedicle Dimensions across Thoracic Levels 

(Mean ± SD) 

Thoracic 

Level 

Pedicle Height 

(mm) 

Pedicle Width 

(mm) 

T1 6.3 ± 0.8 5.2 ± 0.7 

T2 6.6 ± 0.7 5.4 ± 0.6 

T3 6.8 ± 0.8 5.6 ± 0.6 

T4 7.1 ± 0.7 5.9 ± 0.5 

T5 7.3 ± 0.6 6.1 ± 0.6 

T6 7.6 ± 0.8 6.3 ± 0.6 

T7 7.9 ± 0.9 6.5 ± 0.5 

T8 8.1 ± 0.8 6.7 ± 0.6 

T9 8.5 ± 0.9 7.0 ± 0.7 

T10 8.8 ± 1.0 7.4 ± 0.6 

T11 9.1 ± 0.9 8.1 ± 0.7 

T12 9.4 ± 1.1 8.9 ± 0.8 

Table 3: Transverse and Spinous Process Lengths 

across Thoracic Levels (Mean ± SD) 

Thoracic 

Level 

Transverse Process 

Length (mm) 

Spinous Process 

Length (mm) 

T1 23.1 ± 1.5 20.3 ± 1.3 

T2 23.0 ± 1.4 20.5 ± 1.2 

T3 22.8 ± 1.3 20.4 ± 1.4 

T4 22.6 ± 1.2 20.3 ± 1.5 

T5 22.1 ± 1.1 20.2 ± 1.4 

T6 21.5 ± 1.2 20.1 ± 1.4 

T7 20.9 ± 1.3 20.3 ± 1.3 

T8 20.2 ± 1.4 20.2 ± 1.5 

T9 19.8 ± 1.3 20.1 ± 1.4 

T10 19.2 ± 1.2 20.2 ± 1.3 

T11 18.6 ± 1.3 20.4 ± 1.2 

T12 18.4 ± 1.3 20.5 ± 1.4 

Table 4: Correlation between Key Morphometric Parameters 

Parameter 1 Parameter 2 Correlation Coefficient (r) 

Vertebral Body Height Vertebral Body Width 0.76 

Pedicle Height Vertebral Body Depth 0.65 

Transverse Process Length Other Dimensions No significant correlation 

 

Discussion 

 

This morphometric study of thoracic vertebrae aimed to 

explore anatomical variations across different thoracic 

levels, focusing on key structural parameters such as 
vertebral body dimensions and pedicle size. The findings of 

this work can be useful in understanding how these 
structural differences can affect the treatment and utilization 

of the spinal vertebrae, particularly in vertebral surgery (10). 
This study presents positive changes in vertebral body 

height, width and depth beginning from the upper axial 
levels (T1-T4) up to the lower axial region (T9-T12). These 

observations imply that lower thoracic vertebrae are 
biomechanically more robust to sustain higher loads that 

correspond with the change in the kind of vertebrae at the 
lumbar region that bears more body weight and experiences 

more stress (11). The statistically significant differences, 
observed in upper and lower thoracic vertebrae suggest that 

surgeons need to take into consideration such differences 

especially when positioning implants or stabilising 

structures in the lower thoracic segment. These variations 
are similar to observations made in other studies that have 

found the dimensions of the vertebrae in the lower thoracic 
and lumbar spine to also increase, all of which support the 

notion of structural adaptation at the mechanical level (12). 
Concerning pedicle size and morphology marked 

differences in height and width measurements of the 
thoracic vertebrae were observed with pedicle height and 

width gaining closer to the lower end of the thoracic spine 
(13). This increase may be necessitated by the need for 

stronger, stout pedicles in the lower thoracic region given 
that it is an area that is most likely to receive spinal 

instrumentation and support. Larger pedicle dimensions in 
T9-T12 might explain the stable anatomical constructions 

for osculating pedicle screws that are commonly used in 

spinal fusion and the treatment of spinal deformity (14). 

These perceptions can alert surgeons engaging in spinal 

fusion or carrying out corrective surgeries to select implant 

sizes and  

 

Type appropriate for the lower thoracic levels which require 
better hold on the bone. Conclusions regarding transverse 

process length—maximally in the upper thoracic region 

followed by a decline in the lower thoracic—propose a 
progressive change in the thoracic structure to the lumbar 

region that provides mechanical loading. This may be 
functionally useful where the thoracic spine changes to suit 

the functional requirements of the lumbar spine. From a 
clinical point of view, these findings may be advantageous 

during preoperative planning, especially in cases that 
require an approach via the lateral plane (15). 

What has been observed in the maximum and minimum 
vertebral and pedicle dimensions emphasizes the need to 

develop individual treatment plans in surgical practices. 
Focused treatment for the thoracic spine may not require 

a traditional one-size-fits-all approach for spinal surgery 
because the structure of the thoracic spine has no 

similarities. Customized pedicle screws and vertebral cages 

could also have better efficacy in thoracic surgeries because 

the implant could be more suited to the entry point of the 
spinal column (16). Furthermore, preoperative imaging may 

well help to locate these variations, so that optimum implant 
selection and placement may be achieved for every affected 

person. Another clinical consideration which is relatively 
speculative to an extent is the connection between vertebral 

size and possible vulnerability to developing fractures or 
degenerative problems (17). For instance, asymptomatic 

subjects who have less than 6.5 mm pedicle diameter are 

reported to have potential fracture risk possibly because 

the upper thoracic spine has less structural support. The 
results of this study can also be used to help quite identify 

those patients who may have increased susceptibility to 
spinal ailments and hence come up with preventive 

measures or even early management plans. According to our 

study results, the pattern of vertebral body height and 
pedicle width enlargement towards lower thoracic levels as 

revealed in this study is supported by similar morphometric 

studies which have been done that have also revealed a 
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similar scalene increase. However, our study adds further 

understanding by breaking down the comparison at all 
thoracic levels and also examining other not previously 

discussed relations such as the relationship between 
vertebral body dimension and pedicle size. These 

correlations indicate that dimensions of the thoracic 
vertebrae may grow commensurate with the need for 

mechanical stability, making them important findings for 
spinal instrumentation procedures.  

Conclusion 

It is concluded that thoracic vertebrae exhibit significant 
anatomical variations across different levels, with 

increasing vertebral body and pedicle dimensions from 
T1 to T12. These structural differences underscore the 

necessity for personalized surgical approaches and 
tailored implant selection to enhance stability and 

improve outcomes in thoracic spine procedures. This 
study provides critical data that can inform both clinical 

practices and future research in spinal anatomy and 
surgery. 
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