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SUMMARY: The objective of the study was to perform a comprehensive morphometric analysis of thoracic vertebrae in the
Turkish population and to evaluate the agreement between CT-based and direct anatomical (dry vertebra) measuremenis onith a foc
surgical relevance for transpedicular screw placement. A total of 157 thoracic vertebrae were evaluated. Morphometris parameter
including vertebral body width, length, height; pedicle width, length, and height; and pedicle transverse and sagittaramgésswred
using both CT imaging and direct caliper-based anatomical assessment. Statistical comparisons were performed using ttiedylann-Whi
U test and Cohen’s d effect size. Correlations between vertebral body and pedicle dimensions were assessed using Spalatiman’s cor
analysis. Significant correlations were found between vertebral body dimensions and pedicle morphology, particularly betovaen ve
body length and pedicle length (r =0.812, p < 0.001). Notable differences were observed between CT-based and anatoemtahteeasur
especially in pedicle height, length, and transverse angle (p < 0.001). CT-based values tended to be larger than théserobtitaoed
anatomical measurements. The effect size for some differences (e.g., pedicle width) was small, suggesting limited ctihieddilenpa
others (e.g., pedicle length and height) showed moderate to large discrepancies. This study highlights important motgivantetrgtics
of thoracic vertebrae in the Turkish population and reveals measurement discrepancies between CT and anatomical methods. These
findings emphasize the importance of population-specific morphometric data and suggest caution when relying solely on CT-based
measurements—especially in settings where free-hand surgical techniques are used without navigation assistance.
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INTRODUCTION

A vertebra is composed of a vertebral body (corpusorphometry is anticipated to help reduce high pedicle
vertebrae) and a vertebral arch (arcus vertebrae). Therforation rates and enable more accurate preoperative
vertebral arch consists of two parts: the pedicle (pediculesaluation and planning. Furthermore, morphometric data
arcus vertebrae) and the lamina (lamina arcus vertebrag)ecific to a particular geographic region will guide clinical
The pedicle is located between the vertebral body and ttiagnosis and management for that population by enhancing
lamina (Standring, 2021). Over the last sixty years, screwse understanding of spinal biomechanics, informing
inserted into the vertebral body via the pedicles have beappropriate implant design, and optimizing implant selection
widely used in spinal fixation. Pedicle screw fixation ifHouet al, 1993; Vaccaret al, 1995; Xuet al, 1998; Kim
considered a stable and versatile fixation method, evenehal, 2001; Uguet al, 2001; McLairet al, 2002).
osteoporotic bone (Roy-Camilkt al, 1986; Kraget al,

1988). Accurate determination of pedicle dimensions is This study was conducted to reveal the morphometric
essential for thoracic pedicle fixation. Studies indicate thateasurements of the thoracic vertebrae in the Turkish
vertebral pedicle morphometry can exhibit racial differencepopulation and to highlight the potential variations that may
Pedicle morphometry measurements are considered essebgaéncountered in spinal surgery due to critical adjacency
for creating a comprehensive database. Research on pedielationships. In addition, this study aimed to investigate
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whether there is a correlation between measurememistained on-screen, additional direct measurements were
obtained from CT images on-screen and those performpéerformed using physical tools. A digital caliper was used for
directly on the vertebrae using physical tools, simulatininear measurements, and a digital angle gauge (goniometer)

intraoperative conditions. was employed to assess angular parameters. These anatomical
measurements were then compared with CT-based
MATERIAL AND METHOD measurements to investigate the degree of agreement between

radiological planning and actual conditions.

This study was conducted on 157 thoracic vertebrae
in the Anatomy Department Laboratory of the Gilhane All procedures in the study were performed in
Faculty of Medicine, Health Sciences University. Vertebraaccordance with national research committee standards and
with compromised integrity were excluded from the studyethical guidelines for the 1964 Helsinki Declaration and later
Definitive information regarding the vertebrae’s levels, ageamendments. The Health Sciences University Gilhane
and sexes was not available. Each vertebra was individuaigculty of Medicine Non-invasive Investigation Ethics
numbered, and morphometric measurements were takéommittee approved this study (date: 2025/02, number:
from its anatomical structures. 2025-93).

We volumetrically scanned 157 thoracic vertebrae dechnique
a slice thickness of 0.75 mm via a “Siemens Somatom Scope
16-slice CT” scanner. We then reconstructed the images on  The measurements in this study were conducted based
a workstation to create MPR (multiplanar reconstructiorgn the following parameters:
and 3D reformatted views, and we performed all the
measurements using these reconstructed images. Altansverse (medio-lateral) diameter of the vertebral body (X)
measurements were performed bilaterally. To minimizeSagittal (anterior-posterior) diameter of the vertebral body (Y)
measurement error, the same researcher conducted-dfleight of the vertebral body (H)
measurements, and a total of 13 parameters were evaluat@edicle width (PW)
for each vertebra (Fig. 1). - Pedicle height (PH)

- Pedicle length (PL)

To evaluate whether intraoperative measurements oPedicle sagittal angle (PSA)

the vertebrae would differ from radiological measurementsPedicle transverse angle (PTA)

Fig.1. Representative example demonstrating how (a) vertebral body width, (b) length, and (c) height; (d) pedicle width, @)de
(e) height; as well as (f) pedicle transverse angle (PTA) and (g) pedicle sagittal angle (PSA) were measured on muttiplattedref
(MPR) CT images.

341



ARIK, S. B. & ERCIKTI, N. Morphometric evaluation of thoracic pedicles in the Turkish population: Comparison between radiological and direct ameastitathents.
Int. J. Morphol., 44(1840-349, 2026.

1. Vertebral body width (X): The widest transverse distancemeasurements to evaluate whether data obtained from cross-
on the superior surface of the vertebral body. sectional imaging accurately reflect the actual anatomical
2. Vertebral body length (Y): The widest sagittal distance dimensions.
on the superior surface of the vertebral body.

3. Vertebral body height (H): The greatest vertical distance Statistical analyses were performed via ChatGPT 40
measured on the anterior, posterior, right, and left surfacasd ChatGPT ol analysis assistants. A p value of <0.05 was
of the vertebral body. considered to indicate statistical significance. Artificial

4. Pedicle width (PW): The narrowest external transversentelligence (Al) tools were used in this study solely to
diameter of the pedicle. facilitate the application of statistical tests to datasets

5. Pedicle height (PH):The narrowest external sagittalorganized in Microsoft Excel. These tools functioned in a
diameter of the pedicle. supportive capacity, similar to conventional software such

6. Pedicle length (PL): The distance from the posterioras SPSS or Python, by executing standard statistical analyses
cortex of the pedicle, along the pedicle axis, to the anteriopon user request. Al was not involved in the study design,
vertebral cortex. data interpretation, or decision-making processes. All the

7. Pedicle sagittal angle (PSA)The angle formed by the statistical methods applied adhere to established scientific
pedicle in the sagittal plane, measured between the pedigigédelines and remain fully reproducible when traditional
axis and the superior margin of the vertebral body in thetatistical software is used.
sagittal plane.

8. Pedicle transverse angle (PTA)The angle formed by RESULTS
the pedicle in the transverse plane, measured between the

pedicle axis and the presumed midline of the vertebra. A total of 157 thoracic vertebrae from individuals
representing the Turkish population were analyzed in this
Statistical Analysis study. The mean vertebral body width (X) was 2 B456

mm, the body length (Y) was 22.643.98 mm, and the
To summarize the study’s findings, descriptivebody height (H) was 17.762.54 mm. Pedicle morphometry
statistics for numerical variables were presented in tabldemonstrated that the right pedicle width, length, and height
based on their distribution, including both mean and mediavere 5.0+ 1.16 mm, 35.5% 5.12 mm, and 10.75% 1.75
values. Categorical variables were reported as counts anth, respectively. Corresponding values for the left pedicle
percentages. The normality of numerical variables wagere 4.93+ 1.16 mm (width), 35.2% 5.61 mm (length),
assessed using appropriate tests, confirming that the datel 10.83+ 1.70 mm (height), indicating symmetrical
met the assumptions for parametric analysis. As a resultimensions between sides. Regarding pedicle angulations,
Spearman correlation test was applied to examine thiee mean transverse angles were 23.2&9 on the right
relationships among vertebral body width, length, and heiglaind 20.68+ 4.25 on the left, while sagittal angles were
pedicle width, length, and height; as well as PTA and PS2&1.35+ 2.97 (right) and 21.2% 2.84 (left). These findings
are summarized in Table | and provide a comprehensive
Following the morphometric analysis, CT-basednorphometric baseline for thoracic vertebrae in the Turkish
measurements were compared with direct anatomigabpulation.

Table 1. Descriptive statistics of thoracic vertebral measurements in the Turkish population.

Parameter n Mean + SD Median (min - max)
Vertebral body width (X) 157 27.14 +3.56 26.9 (20.6 — 37.1)
Vertebral body length (Y) 157 2264 +£3.98 226(128-32.1)
Vertebral bodyeight (H) 157 1776 +2.54 17.6 (12.2 — 28.3)
Right pedicle width (PW) 157 50+116 497 (2.4-9.03)
Right pedicle length (PL) 157 3551 +512 36.2 (19.3 - 44.8)
Right pedicle height (PH) 157 10.75+175 10.5 (5.05 -16.4)
Left pedicle width (PW) 157 493 +1.16 471 (2.45 - 9.88)
Left pedicle length (PL) 157 3523 +5.61 35.6 (19.2 - 46.7)
Left pedicle height (PH) 157 1083 +17 10.6 (5.77 - 15.7)
Right pedicle transverse angle (PTA) 157 2126 +4.29 20.1 (15.9 - 395)
Left pedicle transverse angle (PTA) 157 20.68 +4.25 19.7 (13.7 — 38.5)
Right pedicle sagittal angle (PSA) 157 21.35+297 215 (12.7 - 331)
Left pedicle sagittal angle (PSA) 157 21.25+284 21.05(12.8—-29.3)
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To assess whether there were statistically significargspectively). However, statistically significant differences
differences between right and left thoracic pedicleere observed in pedicle length and pedicle transverse angle
measurements, the Wilcoxon Signed-Rank test was appli€BTA) (p = 0.0272 and p < 0.0001, respectively). Despite
This non-parametric test is particularly useful for comparinthis, the mean difference in pedicle length was only 0.29
paired data that may not follow a normal distribution, makingim &1.86), and the mean difference in PTA was merely
it an appropriate choice for morphometric evaluations whe@e58 degreest(1.02), suggesting that these differences may
biological variability is common. According to the resultsnot be clinically relevant. Overall, it can be concluded that
no statistically significant differences were found betweeright and left thoracic pedicle measurements are largely
the right and left pedicle width, pedicle height, and pediclymmetrical, and the minimal differences observed are
sagittal angle (PSA) (p =0.1916, p =0.0721, and p = 0.611#likely to have a significant clinical impact (Table II).

Distribution of Difference: Right Pedicle Width vs. Left Pedicle Width Distribution of Difference: Right Pedicle Length vs. Left Pedicle Length
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Table II. Comparison of right and left side measurements of thoracic vertebrae using
Wilcoxon Signed-Rank Test.

Parameter Comparison Test Statistic p-value
Right pedicle width vs. Left pedicle width 5314.0 0.1916
Right pedicle lenght vs. Left pedicle lenght 44225 0.0272
Right pedicle height vs. Left pedicle height 44450 0.0721
Right PTA vs. Left PTA 1922.0 <0.0001
Right PSA vs. Left PSA 5464.5 0.6112

In line with previous findings, right and left pedicleTherefore, in this study, only right-sided pedicle
measurements were found to be highly correlated and yieldedrphometric parameters and angulations were analyzed in
similar results. In clinical practice, surgeons often rely orelation to vertebral body dimensions (X: width, Y: length,
one side—typically the right—for preoperative planningH: height).
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Spearman correlation analysis was conducted teas weak and not statistically significant (r = 0.120, p =
assess the relationships between vertebral body and pedicle341). Vertebral body height (H) showed a weak but
measurements. Spearman correlation analysis revealed hatistically significant correlation with pedicle width (r =
vertebral body width (X) was moderately correlated witB.218, p = 0.0062), and moderate positive correlations with
pedicle width (r = 0.466, p < 0.0001), pedicle length (r pedicle length (r =0.573, p < 0.0001) and pedicle height (r
0.530, p < 0.0001), and pedicle height (r = 0.605, p < 0.704, p < 0.0001). These findings suggest that as
0.0001). Vertebral body length (Y) demonstrated a strongrtebral body dimensions increase, corresponding pedicle
positive correlation with pedicle length (r = 0.812, p <dimensions—particularly length and height—tend to
0.0001) and a moderate correlation with pedicle heightificrease as well (Table IIl).
=0.652, p <0.0001), while its correlation with pedicle width
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Table III. Spearman correlation between vertebral body and pedicle morphometric

measurements.
Pedicle Width (PW) Pedicle Length (PL) Pedicle Height (PH)

Body width (X) 0.466 0.53 0.605
p-value <0.0001 <0.0001 <0.0001

Body length (Y) 0.12 0.812 0.652
p-value 0.1341 <0.0001 <0.0001

Body height (H) 0218 0.573 0.704
p-value 0.0062 <0.0001 <0.0001

r: Spearman correlation coefficient.
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Table IV. Spearman correlation between vertebral body dimensions and pedicle angles.
Pedicle transverse angle (PTA) Pedicle sagittal angle (PSA)

Body width (X) -0.093 0.014

p-value 02477 0.8623
Body length (Y) -0.661 -0.045
p-value <0.0001 05778

Body height (H) -0.345 -0.014
p-value <0.0001 0.86

r: Spearman correlation coefficient.

Spearman correlation analysis revealed that vertebrads observed in the transverse pedicle angle (p < 0.001,
body length (Y) was moderately and negatively correlatefiohen’s d = -1.36), indicating that CT may overestimate the
with pedicle transverse angle (PTA) (r =-0.661, p < 0.00013ctual transverse angle. However, no significant difference
indicating that as vertebral body length increases, tlveas found in sagittal angle measurements (p = 0.70, Cohen’s
transverse angle tends to decrease. Vertebral body height -0.12), suggesting good agreement between CT and
(H) also showed a weak but statistically significant negativ@natomical measurements in the sagittal plane (Table V).
correlation with PTA (r = -0.345, p < 0.0001). In contrast,
vertebral body width (X) demonstrated no significanDISCUSSION
correlation with either PTA (r =-0.093, p = 0.2477) or pedicle
sagittal angle (PSA) (r = 0.014, p = 0.8623). Similarly, no The pedicles are the strongest components of the
statistically significant correlations were observed betweearmrtebrae and are located between the vertebral body and
vertebral body length or height and PSA (r = -0.045 and rthe neural arch (Standring, 2021). The present study was
-0.014, respectively; p > 0.05). These findings suggest trainducted to provide morphometric data on the thoracic
increases in vertebral body length and height may ertebrae in the Turkish population. Morphometric
associated with a narrowing of the pedicle transverse angiegasurements of the pedicles are essential in vertebral
while sagittal angulation appears to remain relativelgurgery and have been shown to vary across different ethnic
constant regardless of body dimensions (Table 1V). groups. However, such data are currently insufficient for the

Turkish population. Transpedicular spinal fixation is a

Finally, thoracic vertebral measurements obtainecbmmonly used surgical technique. Accurate morphometric
from CT imaging were compared with direct anatomicadata on vertebral pedicles are crucial for preoperative
measurements using a digital caliper. Statistical comparisplanning of appropriate screw dimensions. Furthermore,
using the Mann-Whitney U test revealed no significardetailed knowledge of vertebral morphometry is critical for
difference in corpus width (p = 0.736, d = 0.061, 95% Cl:minimizing the risk of neurovascular injury (Demiroz &
0.157 to 0.285) or corpus length (p = 0.524, d = 0.076, 95&sdem, 2020).

Cl: -0.160 to 0.308), indicating excellent agreement between

dry vertebra and CT-based measurements. Although corpus  The morphometric results obtained in this study were
height showed a statistically significant difference (p Tompared with those reported in previous studies conducted
0.021), the effect size was small (d = 0.186, 95% CI: -0.043 India, other Asian countries, and the United States.

to 0.434), suggesting that the practical discrepancy may be

limited. More pronounced differences were observed in Knowledge of both pedicle width and height is
pedicle-related parameters, especially pedicle length (pessential in transpedicular spinal fixation surgery, particularly
0.001, d = -0.523, 95% CI: -0.753 to -0.300) and pedicfer the selection of appropriate screw diameters. Satgh
height (p < 0.001, d = -0.446, 95% CI: -0.681 to -0.1963l. (2011) reported the smallest pedicle width as 38056
which revealed moderate effect sizes and potentiaim. Moritaet al (2021) found values greater than this, while
overestimation by CT measurements. Although a statistical§indrick et al. (1987) reported a minimum pedicle width of
significant difference was found in pedicle width (p = 0.015%.52£?0.9 mm. In our study, this parameter was measured
the effect size was very small (Cohen’s d =-0.163, 95% Gis 2.42?1.16 mm on CT images and 2t32.43 mm on
-0.413 to 0.060), indicating that the discrepancy is likelgry bone specimens (Zindriekal, 1987; Singlet al, 2011;

not clinically meaningful (Table V). Morita et al, 2021).

Pedicle angle measurements obtained from CT We believe that these inter-study variations are due
imaging were compared with direct anatomicato both racial differences and discrepancies in measurement
measurements performed using a digital goniometer on dgchniques. Measurements obtained from dry vertebrae tend
vertebrae. A statistically and clinically significant differenceo be lower than those derived from CT scans (as highlighted
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in the results section, although there was a statisticallyminimum pedicle height of 9.822.0 mm and a maximum
significant difference between CT and anatomicalf 17.42?2.5 mm. In our study, the pedicle height was
measurements of pedicle width, the effect size was vemyeasured as 5.05 mm (minimum) to 16.4 mm (maximum)
small). Based on our findings, smaller screw diameters mayCT-based assessments, and from 7.62 mm to 18.4 mm in
be required for the Turkish population. direct anatomical measurements (Zindretkal., 1987;
Vermaet al, 2020; Moriteet al, 2021).
In line with our findings, Datir & Mitra (2004) emphasized
that the screw diameter in the mid-thoracic region should be Morita et al (2021) reported pedicle length values
less than 4 mm, suggesting 5 mm screws for T1, T2, T9, arahging from 33.52?2.3 mm to 48.57?5.7 mm. Zindrick
T10, and 6 mm screws for T11 and T12. Since the vertebedlal (1987) found minimum and maximum pedicle lengths
levels of the dry bones in our study were not identifiable, @ 35.72?4.7 mm and 45.4?4.8 mm, respectively. In our
level-specific comparison could not be performed. Howevestudy, pedicle length measured by CT ranged from 19.2 mm
considering that our mean values were smaller than thdse46.7 mm, whereas in direct anatomical measurements it
reported by Datir & Mitra (2004) it is suggested that everanged from 22.00 mm to 42.86 mm (Zindretkal, 1987;
smaller screw diameters should be considered for use in terita et al.,2021.)
Turkish population.
Pedicle length and height is a critical parameter in

Verma et al. (2020) reported pedicle heighttranspedicular spinal fixation surgery, particularly for
measurements ranging from a minimum of 3824 mm determining the appropriate screw length and diameter.
to a maximum of 15.4520.78 mm. Moritaet al. (2021) Selecting a screw that exceeds the pedicle height can result
recorded larger values, while Zindriekal. (1987) reported in cortical breach, which may lead to neurological injury by

Corpus height Comparisor Pedicle Transverse Angle Comparison

Table V. Morphometric comparison between CT-Based and direct anatomical (dry vertebra) measurements using the
Mann-Whitney U Test.

346

Parameter U values p-value Cohen’s d %95 C1
Corpus Width 12596.5 0.7357 0.061 [-0.157-0.285]
Corpus Length 12837.5 0.524 0.076 [-0.16-0.308]
Corpus Height 14178.0 0.0212 0.186 [-0.043-0.434]
Pedicle Width 10363.5 0.0148 -0.163 [-0.413-0.06]
Pedicle Lenght 8663.0 <0.0001 -0.523 [-0.753-(-0.3)]
Pedicle Height 16079.0 <0.0001 -0.446 [-0.27-0.701]
PTA 2220 <0.0001 -1.36 [-1.686-(-1.098)]
PSA 1491.5 0.702 -0.12 [-0.831-0.593]

Variables did not follow a normal distribution. Effect sizes are reported as Cohen’s d with

95% confidence intervals.
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damaging the dural sac or neural elements within the vertebral ~ These findings indicate that both PTAand PSA values
canal, and to vascular injury on the lateral side. Inobtained from CT imaging tend to be higher than those
transpedicular spinal fixation surgery, selecting a screw longaerived from direct anatomical assessment, potentially due
than the pedicle length may result in screw protrusion beyotal methodological differences such as imaging perspective,
the vertebral body, posing a risk of injury to critical structuresieasurement tools, or specimen condition. Moreover,
located in the posterior mediastinum, such as the esophagatatistically significant differences were observed between
thoracic aorta, azygos vein, hemiazygos vein, and thoracd-based and direct anatomical measurements of pedicle
duct. Conversely, the use of a screw that is smaller than optirhalight, length, and PTA in our morphometric analysis.
may compromise fixation strength and stability (Ketal.,
2004; Weiseet al, 2008; Chuat al, 2019). The marked discrepancies in these specific
dimensions highlight the potential limitations of relying
Moritaet al. (2021) reported PTA ranging from 5.3 solely on CT-based data for surgical planning. These findings
to 31.6. Singhet al (2011) found a broader range, withemphasize the need for caution during intraoperative
values between 10.02and 32.28, while Zindricket al. navigation and, where feasible, support the use of direct
(1987) documented angles from 4t@ 26.6. In our study, anatomical landmarks alongside radiological measurements
the PTAwas measured between 1217d 39.80n CT scans to improve procedural safety and accuracy.
and between 12%6and 19.7 in direct anatomical
measurements (Zindricét al, 1987; Singhet al, 2011; This study has several limitations that should be
Morita et al, 2021). considered when interpreting the results. First, the vertebral
levels of the dry bone specimens used for direct anatomical
Singhet al (2011) reported PSA ranging from 3?31 measurements could not be precisely identified, which limited
to 16.153, while Zindricket al. (1987) measured PSA valuesthe ability to perform level-specific comparisons. Second,
between 11.6and 17.8. Vermaet al (2020) documented although both CT and direct anatomical measurements were
a slightly wider range, with values between 9.88d 19.22.  obtained from the same 157 thoracic vertebrae, this number
In our study, PSA values ranged from £24'33.F based represents a relatively limited sample size. As such, the
on CT measurements and from 12.65 26.5% in direct statistical power of subgroup analyses may be insufficient,
anatomical assessments (Zindrétlal,, 1987; Singlet al, and studies with larger and more diverse sample populations
2011; Vermeet al,, 2020). are needed to validate and generalize these findings.
Additionally, factors such as age, sex, and degeneration status
Accurate control of pedicle screw trajectory angles—ef the specimens were not accounted for, which may influence
both transverse and sagittal—is of paramount importanpedicle morphology. Despite these limitations, the study offers
in spinal surgery. Improper angulation in either plane caraluable morphometric data for the Turkish population and
lead to serious iatrogenic complications. An excessiy@ovides insight into the discrepancies between radiological
medial angulation may lead to screw breach into thend anatomical measurements.
vertebral canal, potentially resulting in nerve root injury
and, in severe cases, postoperative neurological deficits SGBNCLUSION
as paralysis. Conversely, an overly lateral screw trajectory
may cause the tip of the screw to penetrate the lateral pedicle  This study provides a comprehensive morphometric
wall, increasing the risk of injury to vital posterioranalysis of thoracic vertebrae in the Turkish population,
mediastinal structures and associated complicatiomsvealing significant correlations between vertebral body
(Gautschiet al,, 2011; Gumdis,suyat al, 2021; Mulyadi dimensions and pedicle morphology. Additionally, the
et al, 2024). comparison between CT-based and direct anatomical
measurements identified notable discrepancies, particularly
Similarly, improper sagittal angulation carriesin pedicle length, height, and angulation. These differences
distinct risks. If the angle is too steep, the screw maynderscore the importance of careful preoperative planning
perforate the inferior pedicle wall, potentially damagingnd the potential benefit of correlating radiological data with
spinal nerve roots. On the other hand, insufficient sagittahatomical references to optimize implant selection and
angulation may cause superior wall breach, leading t@jectory. Our findings highlight the need for population-
intervertebral disc injury and associated complicationspecific morphometric databases to improve the safety and
These observations underscore the necessity of detaimturacy of transpedicular screw placement—particularly
preoperative morphometric evaluation and individualizeth surgical settings where expensive computer-assisted
screw trajectory planning based on vertebral anatomy (Wavigation systems are not available and traditional free-
et al, 2010; Takatat al, 2023). hand techniques are more commonly used.
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