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ABSTRACT:

Background: Thoracic pedicle morphology varies across vertebral levels and individuals,
influencing the selection of screw dimensions and insertion trajectories during spinal

instrumentation. Region-specific CT-based morphometric data remain limited.

Methods: This prospective cross-sectional study included 71 adults aged 20—60 years who
underwent thoracic CT at a tertiary-care centre in Moradabad, India. Pedicle length (PL),
transverse pedicle angle (TPA), transverse pedicle diameter (TPD) and sagittal pedicle
diameter (SPD) were assessed from T1 to T12. Measurements were compared according
to sex using the independent-samples t-test and across age groups using one-way analysis
of variance.
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Results: The participants had a mean age of 43.25 * 12.16 years; 44 (62.0%) were male
and 27 (38.0%) were female. The mean PL, TPA and TPD were 32.02 + 2.12 mm, 27.15
1 3.31°and 7.52 £ 0.96 mm, respectively. Mean SPD increased descriptively from 7.38 +
0.68 mm at T1 to 15.43 £ 1.23 mm at T12. Males had greater PL (32.67 + 1.75 vs. 30.96
+ 2.25 mm; p = 0.001) and TPD (7.83 £ 0.84 vs. 7.03 £ 0.95 mm; p < 0.001) than females,
whereas TPA was comparable between the sexes (p = 0.591). SPD was greater in males
at most thoracic levels, with significant differences from T2 through T10 and at T12. No
age-group differences were observed in PL, TPA or TPD. Age-related differences in SPD
were limited to T10 and T11.

Conclusion: Thoracic pedicle dimensions demonstrated vertebral level- and sex-related
variation, whereas age-related differences were limited and inconsistent. These findings
provide preliminary local morphometric data and support individualized CT assessment

before thoracic pedicle instrumentation

1. INTRODUCTION

Thoracic pedicle screw fixation provides three-column stability and is widely used in the management of spinal trauma,
deformity, tumours, infection and degenerative disordersl!l. However, screw placement in the thoracic spine is technically
demanding because the pedicles are relatively narrow and lie close to the spinal cord, nerve roots, pleura and major vascular
structures. Inaccurate selection of screw diameter, length or trajectory may therefore result in cortical breach and neurovascular
or visceral injury I,

Thoracic pedicle morphology varies considerably across vertebral levels. Previous computed tomography (CT)-based studies
have shown that pedicle width generally decreases toward the mid-thoracic region and subsequently increases toward T12, while
pedicle length and angulation demonstrate distinct level-specific patterns Bl. Differences have also been teported according to
population, sex, age and body size, indicating that morphometric values derived from one population may not be directly
applicable to another [4. These variations support the use of CT for patient-specific assessment of pedicle dimensions and
orientation before thoracic spinal instrumentation®.

Indian studies have provided important morphometric data; however, several were based on cadaveric specimens, small CT
samples or measurements restricted to selected thoracic and lumbar levels . Furthermore, evidence integrating bilateral
measurements across the complete thoracic spine with age, sex and body mass index remains limited, particularly for patients
from Moradabad and its surrounding regionll. Therefore, the present single-centre study aimed to evaluate the CT-based
morphometric characteristics of thoracic pedicles from T1 to T12 and to examine their level-wise, and side-wise. The findings
are intended to provide locally relevant anatomical data that may support individualized preoperative planning and appropriate
selection of thoracic pedicle screw dimensions.

2. MATERIAL AND METHODS

Study design and setting: This prospective cross-sectional imaging study was conducted at Teerthanker Mahaveer Hospital
and Research Centre, Moradabad, Uttar Pradesh, India, between September 2023 and February 2024. Adult patients undergoing
routine computed tomography (CT) of the thorax during the study period were screened for eligibility.

Ethical considerations: The study protocol was approved by the Institutional Ethics Committee of Teerthanker Mahaveer
University, Moradabad (TMU/IEC/2022-24/042; approval date: 18/10/2023). Written informed consent was obtained from
all participants before enrolment. Participant information and CT images were anonymized before analysis.

Study participants: A total of 71 participants of either sex, aged 20—60 years, were included. CT examinations were eligible
when the complete thoracic spine from T1 to T12 was visualized with adequate image quality for morphometric assessment.
Patients with vertebral tumours, thoracic kyphosis or traumatic injury involving the thoracic spine were excluded.

Anthropometric assessment: Age and sex were recorded for each participant. Height was measured in centimetres and weight
in kilogtams. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in metres (kg/m?).
Participants were classified into four age groups: 20-30, 31—40, 41-50 and 51-60 years.
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CT acquisition protocol: CT examinations were petformed using a 128-slice multidetector CT scanner (Ingenuity Core 128,
Philips Healthcare). Participants were positioned head-first and supine with their arms elevated. An anteroposterior topogram
was acquired from approximately 2.5 cm below the chin to the level of the umbilicus. Scanning was performed in the
craniocaudal direction using helical acquisition during a single breath-hold. The field of view was adjusted to include the entire
thoracic cavity and chest-wall soft tissues. Images were acquired at 120 kVp and 250 mA, with a slice thickness and
reconstruction increment of 5 mm. Dose measurements were referenced to a 32-cm CT dose index phantom. Axial images and

sagittal multiplanar reformations were reviewed using a bone-window setting.

Morphometric assessment: Thoracic vertebral levels were identified sequentially from T1 to T12. Measurements were
obtained on axial and sagittal images using the scanner workstation. The following parameters were evaluated Pedicle length
(PL), Transverse pedicle diameter (TPD), Transverse pedicle angle (TPA), and Sagittal pedicle diameter (SPD). Linear

measurements were recorded in millimetres and angular measurements in degrees.

Statistical analysis: Data were analysed using IBM SPSS Statistics. Continuous variables were summarized as mean, standard
deviation and range, while categorical variables were presented as frequencies and percentages. Morphometric parameters were
compared between males and females using the independent-samples #test. Differences across the four age groups were

assessed using one-way analysis of variance. All tests were two-sided, and a p value < 0.05 was considered statistically significant.
3. RESULTS
3.1 Participant characteristics

The study included 71 participants aged 20—60 years, with a mean age of 43.25 £ 12.16 years. Of these, 44 (62.0%) were male
and 27 (38.0%) were female. The largest proportion belonged to the 41-50-year age group (33.8%), followed by the 51-60-year
group (29.6%). Males had a higher mean height than females (158.61  6.24 vs. 155.67 & 5.47 cm; p = 0.047). Weight and body
mass index did not differ significantly between the sexes (Table 1).

Table 1. Demographic and anthropometric characteristics of the study participants

Characteristic | Overall (n = 71) Male (n = 44) | Female (n = 27) | pvalue
Age, years 43.25 £ 12.16 (20-60) — — —
Age group, n (%)

20-30 years 14 (19.7) 9 (20.5) 5(18.5) —
31-40 years 12 (16.9) 8 (18.2) 4 (14.8) —
41-50 years 24 (33.8) 16 (36.4) 8 (29.0) —
51-60 years 21 (29.6) 11 (25.0) 10 (37.0) —
Height, cm 157.49 £ 6.09 (150-168) | 158.61 + 6.24 | 155.67 * 5.47 0.047
Weight, kg 56.11 + 7.32 (46-70) 56.75 = 7.64 55.07 £ 6.79 0.353
BMI, kg/m? 23.95 £ 1.97 (19.9-28.3) | 24.21 £ 1.79 23.53 £ 2.20 0.161

Data are presented as mean * standard deviation (range) or frequency (percentage). Percentages within the male and female
age groups were calculated using the respective sex-specific totals. The independent-samples t-test was used for comparisons
of continuous variables. BMI, body mass index.

3.2 Sex-based differences in axial pedicle parameters

Males had a greater mean pedicle length than females (32.67 £ 1.75 vs. 30.96 + 2.25 mm; p = 0.001). The mean transverse
pedicle diameter was also greater in males (7.83 + 0.84 vs. 7.03 £ 0.95 mm; p < 0.001). However, the transverse pedicle angle
did not differ significantly between males and females (p = 0.591) (Table 2).
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Table 2. Sex-based comparison of axial thoracic pedicle parameters

Parameter Male (n = 44), | Female (n = 27), | tvalue | p value
mean * SD mean * SD

Pedicle length, mm 32.67 £ 1.75 30.96 + 2.25 3.59 0.001

Transverse pedicle angle, degrees | 26.99 £ 3.48 27.43 £ 3.05 —0.54 | 0.591

Transverse pedicle diameter, mm | 7.83 + 0.84 7.03 £0.95 3.70 <0.001

Values are presented as mean * standard deviation. Between-sex comparisons were performed using the independent-samples
t-test. All p values are two-sided.

3.3 Sex-based differences in sagittal pedicle diameter

The mean sagittal pedicle diameter was numerically greater in males than in females at all thoracic levels. Significant between-
sex differences were observed from T2 through T10 and at T12. The differences at T1 and T11 were not statistically significant
(Table 3).

Table 3. Sex-based comparison of sagittal pedicle diameter across thoracic vertebral levels

Vertebral level | Male (n = 44), Female (n = 27), | ¢tvalue | pvalue
mean ¥ SD, mm | mean * SD, mm

T1 7.46 +0.70 7.24 £ 0.64 1.31 0.195
T2 8.43 +0.92 7.93 +0.66 2.45 0.017
T3 9.63 £ 1.34 8.70 £ 0.70 3.34 0.001
T4 10.28 £ 0.93 8.97 £ 0.74 6.19 <0.001
T5 10.69 £ 1.12 9.20 £ 0.92 5.81 <0.001
T6 10.79 £ 1.83 9.34 £ 0.96 3.79 <0.001
T7 11.14 £ 1.13 9.84 +0.87 5.09 <0.001
T8 11.44 £ 2.00 10.28 £ 0.92 2.83 0.006
T9 12.44 £ 1.27 10.81 £ 0.97 5.74 <0.001
T10 13.52 £ 1.32 12.11 £ 1.31 4.40 <0.001
T11 14.44 £ 1.50 13.78 £ 1.21 1.93 0.057
T12 15.68 £ 1.20 15.04 £ 1.18 2.17 0.033

Values are presented as mean + standard deviation. Between-sex comparisons wete performed using the independent-samples
t-test. Reported p values are unadjusted and two-sided.

3.4 Age-group differences in axial pedicle parameters

Mean pedicle length, transverse pedicle angle and transverse pedicle diameter did not differ significantly among the four age
groups (all p > 0.05) (Table 4).
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Table 4. Comparison of axial thoracic pedicle parameters across age groups

Parameter

20-30 years (n = | 31-40 years (n = | 41-50 years (n = | 51-60 years (n = | F P
14), mean £ SD | 12), mean £ SD | 24), mean £ SD | 21), mean * SD | value | value
Pedicle length, mm | 31.43 £ 1.70 32.33 £ 1.70 31.45 £ 2.67 32.88 £1.59 2.30 0.085
Transverse pedicle | 27.76 £ 2.75 26.36 £ 3.50 26.76 £ 3.83 27.65 £2.96 0.65 0.587
angle, degrees
Transverse pedicle | 7.24 + 0.72 7.21£1.23 7.68 £0.95 7.72£0.93 1.33 0.273

diameter, mm

Values are presented as mean T standard deviation. Comparisons were performed using one-way analysis of variance. All p

values are two-sided.

3.5 Age-group differences in sagittal pedicle diameter

Sagittal pedicle diameter did not differ significantly among the age groups from T1 through T9 or at T12. Significant overall
between-group differences were observed at T10 (F = 3.32, p = 0.025) and T11 (FF = 4.51, p = 0.006) (Table 5). As pairwise

post-hoc results were unavailable, no specific age-group comparison was interpreted as statistically significant.

Table 5. Comparison of sagittal pedicle diameter across age groups

Vertebral 20-30 years (n = | 31-40 years (n = | 41-50 years (n = | 51-60 years (n = | F P
level 14), mean * SD, | 12), mean * SD, | 24), mean * SD, | 21), mean * SD, | value | value
mm mm mm mm

T1 7.60 £ 0.59 7.68 +0.75 7.31 £ 0.66 7.13 + 0.66 2.51 0.066
T2 8.54 + 0.86 8.48 + 0.89 7.97 £ 0.76 8.20 + 0.90 1.77 0.161
T3 9.49 £ 0.90 9.65 £ 2.19 8.85 + 0.88 9.41 +0.89 1.65 0.186
T4 9.92 +1.31 9.69 £1.18 9.81 £ 1.06 9.72 £ 0.89 0.13 0.940
T5 10.37 £ 1.04 10.16 + 1.51 9.97 £ 1.47 10.12 + 1.07 0.29 0.831
T6 10.54 + 1.00 10.37 + 1.46 9.97 £ 2.37 10.29 + 1.31 0.36 0.781
T7 10.83 + 0.87 10.69 + 1.34 10.62 + 1.42 10.52 + 1.14 0.19 0.900
T8 11.45 + 1.00 11.60 + 1.63 10.74 + 2.45 10.65 + 1.10 1.24 0.304
T9 12.11 + 1.40 12.17 £ 1.71 11.71 + 1.34 11.55 + 1.34 0.73 0.539
T10 13.73 + 1.26 13.57 + 1.51 12.75 + 1.45 12.42 + 1.40 3.32 0.025
T11 15.15 £ 0.77 14.55 £ 1.12 13.58 £ 1.45 14.05 £ 1.56 4.51 0.006
T12 16.04 £ 0.97 15.46 £ 1.14 15.43 £ 1.39 15.02 £ 1.13 2.04 0.117

Values are presented as mean * standard deviation. Comparisons were petrformed using one-way analysis of variance. Reported

p values are unadjusted and two-sided.
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3.6 Age-group differences in sagittal pedicle diameter

Sagittal pedicle diameter did not differ significantly among the age groups from T1 through T9 or at T12. Significant overall
between-group differences were observed at T10 (FF = 3.32, p = 0.025) and T11 (FF = 4.51, p = 0.006) (Table 6). As pairwise

post-hoc results were unavailable, no specific age-group comparison was interpreted as statistically significant.

Table 6. Comparison of sagittal pedicle diameter across age groups

Vertebral 20-30 years (n = | 31-40 years (n = | 41-50 years (n = | 51-60 years (n = | F p
level 14), 12), 24), 21), value | value
mean = SD, mm | mean £ SD, mm | mean * SD, mm | mean * SD, mm

T1 7.60 = 0.59 7.68 £ 0.75 7.31 £ 0.66 7.13 £ 0.66 2.51 0.066
T2 8.54 £ 0.86 8.48 £ 0.89 7.97 £0.76 8.20 £ 0.90 1.77 0.161
T3 9.49 +0.90 9.65 + 2.19 8.85 £ 0.88 9.41 £0.89 1.65 0.186
T4 9.92 +1.31 9.69 + 1.18 9.81 + 1.06 9.72 £ 0.89 0.13 0.940
T5 10.37 £ 1.04 10.16 £ 1.51 9.97 + 1.47 10.12 = 1.07 0.29 0.831
T6 10.54 £ 1.00 10.37 = 1.46 9.97 + 2.37 10.29 £+ 1.31 0.36 0.781
T7 10.83 = 0.87 10.69 £ 1.34 10.62 + 1.42 10.52 £ 1.14 0.19 0.900
T8 11.45 £ 1.00 11.60 = 1.63 10.74 £ 2.45 10.65 + 1.10 1.24 0.304
T9 12.11 £ 1.40 12.17 £ 1.71 11.71 £ 1.34 11.55 £ 1.34 0.73 0.539
T10 13.73 £ 1.26 13.57 £ 1.51 12.75 £ 1.45 12.42 + 1.40 3.32 0.025
T11 15.15 £ 0.77 14.55 + 1.12 13.58 + 1.45 14.05 + 1.56 4.51 0.006
T12 16.04 £ 0.97 15.46 £ 1.14 15.43 + 1.39 15.02+1.13 2.04 0.117

Values are presented as mean * standard deviation. Comparisons were performed using one-way analysis of variance. Reported
p values are unadjusted and two-sided.

3.7 Age-related variations in thoracic pedicle morphometry stratified by sex

Among males, pedicle length, transverse pedicle angle and transverse pedicle diameter did not differ significantly across age
groups (all p > 0.05) (Figure 1). Sagittal pedicle diameter was also comparable across age groups from T1 to T11; however, an
overall difference was observed at T12 (F = 3.57, p = 0.022) (Figure 2). Among females, transverse pedicle angle and transverse
pedicle diameter did not differ across age groups. Pedicle length showed a borderline overall difference (F = 3.02, p = 0.050)
(Figure 1). For sagittal pedicle diameter, overall age-group differences were observed at T1 (F = 3.33, p = 0.037) and T5 (F =
4.39, p = 0.014), whereas no differences were identified at the remaining vertebral levels (Figure 2). As post-hoc comparisons
were unavailable, no specific pairwise differences between age groups were inferred.
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Axial according age and gender

Mean +S.D.

20-30 31-40 41-50 51-60 | 20-30 31-40 41-50 51-60 | 20-30 31-40 41-50 51-60

TPA

® Male ™ Female

Figure 1. Age-group variation in axial thoracic pedicle parameters stratified by sex. Mean values for (A) pedicle length,

(B) transverse pedicle angle and (C) transverse pedicle diameter are presented across the four age groups separately for males

and females. Error bars represent standard deviations. Male group sizes were 9, 8, 16 and 11, while female group sizes were 5,
4, 8 and 10 for the 20-30, 31-40, 41-50 and 51-60-year age groups, respectively.

SPD accoding to age and gender
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Figure 2. Age-group variation in sagittal pedicle diameter across thoracic vertebral levels stratified by sex. Mean
sagittal pedicle diameters from T1 to T12 are presented across the four age groups separately for males and females. Error
bars represent standard deviations. Overall age-group comparisons were performed using one-way analysis of variance.

4. DISCUSSION

This prospective cross-sectional study provides CT-based morphometric data for thoracic pedicles in 71 adults examined at a
single centre in Moradabad. The mean pedicle length, transverse pedicle angle and transverse pedicle diameter were 32.02 mm,
27.15° and 7.52 mm, respectively. Sagittal pedicle diameter increased descriptively from 7.38 mm at T1 to 15.43 mm at T12.
Pedicle length and transverse pedicle diameter were greater in males, whereas transverse pedicle angle was comparable between
the sexes. Age-related differences were limited to selected vertebral levels rather than being consistently observed throughout
the thoracic spine. The progtessive increase in sagittal pedicle diameter toward the lower thoracic spine is consistent with
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previously reported segmental changes in thoracic pedicle anatomy. Singh et al. (2011) observed smaller transverse dimensions
in the mid-thoracic region and larger dimensions toward both ends of the thoracic spine in an Indian populationl®l. Similatly,
Kaur et al. (2016) reported distinct level-wise changes in pedicle dimensions across T1-T12 using CT images from Indian
adults Pl These findings confirm that thoracic pedicles cannot be considered morphometrically uniform and should be assessed
at the individual vertebral level. The mean pedicle length observed in the present study falls within the broad range reported in
eatlier Indian morphometric studies. van der Houwen et al (2010) reported chord lengths ranging from approximately 29.9
mm in the upper thoracic spine to 37.3 mm at T11 [], while Mohanty et al. (2018) reported a minimum screw-path length of
35.8 mm in the lower thoracic regionl®. Direct numerical compatison should nevertheless be made cautiously because previous
studies have used different definitions of pedicle length, vertebral levels, imaging planes and CT reconstruction thicknessesl’l.
The same consideration applies to the overall transverse pedicle angle and diameter reported in the present study, as aggregation
across T1-T12 may obscure the marked level-specific variation documented in earlier studies.

Males had a greater pedicle length and transverse pedicle diameter than females, with mean differences of 1.71 and 0.80 mm,
respectively. Sagittal pedicle diameter was also numerically greater in males at all levels and differed significantly at most thoracic
levels. These findings agree with CT-based studies reporting larger thoracic pedicle dimensions in males. Albano et al, (2019)
reported greater pedicle length and sagittal and transverse diameters in males [1°]. Large cadaveric studies of the upper and lower
thoracic spine have similarly demonstrated larger pedicles in male, taller and heavier individuals. By contrast, transverse pedicle
angle did not differ between the sexes in the present study, which is consistent with evidence suggesting that sex-related variation
predominantly affects pedicle size rather than orientation!l. No overall age-group differences were observed in pedicle length,
transverse pedicle angle or transverse pedicle diameter. Sagittal pedicle diameter differed only at T10 and T11. In the sex-
stratified analysis, an age-group difference was observed at T12 among males and at T'1 and T5 among females; female pedicle
length showed a borderline difference at p = 0.050. These localized findings do not indicate a uniform age-related change across
the thoracic spine. Conversely, Uygur et al. (2026) observed sex-dependent age patterns, with pedicle dimensions tending to
increase with age in males and decrease in females [12. Differences in study design, age distribution, skeletal characteristics and
measurement methods may partly explain these contrasting findings. Moreover, because the present age-stratified analyses
involved multiple unadjusted comparisons and relatively small subgroups, the level-specific associations should be interpreted
as exploratory. Males were taller than females in the present cohort, whereas weight and BMI were comparable. Consequently,
the observed sex differences in pedicle dimensions cannot be attributed to BMI alone, although the influence of height and
other body-size characteristics cannot be excluded. These findings have potential relevance for thoracic spinal instrumentation.
Pedicle diameter constrains the permissible screw diameter, pedicle length influences screw length, and transverse angulation
guides the insertion trajectory. Inappropriate selection of these parameters may increase the risk of cortical breach and injury
to adjacent neural, vascular or visceral structures. However, the present data should not be interpreted as defining universal
screw dimensions. A large literature review also showed that clinically relevant complications from misplaced thoracolumbar
pedicle screws, although uncommon, may require revision surgery!!3l. Patient-specific multiplanar CT assessment therefore
remains necessary before instrumentation. The strengths of this study include its prospective design, acquisition at a single
centre using a consistent CT' protocol, evaluation of the complete T1-T12 region and assessment of sex- and age-related
variation. Several limitations should also be considered. The sample was relatively small and derived from a single centre,
limiting external generalizability. Some sex-specific age groups contained few participants, particularly among females. The 5-
mm reconstruction thickness may have introduced partial-volume effects, especially when evaluating narrow pedicles; recent
CT morphometric studies have used reconstructions of 1 mm or less. The cross-sectional design cannot distinguish anatomical
ageing from differences between age cohorts. Furthermore, multiple level-wise comparisons were performed without
adjustment. Finally, reporting pedicle length, transverse diameter and transverse angle as overall measurements limits evaluation

of their segment-specific patterns.
5. CONCLUSION

Conclusion, thoracic pedicle dimensions demonstrated clear variation according to vertebral level and sex, while age-related
differences were limited and inconsistent. The caudal increase in sagittal pedicle diameter and the generally larger pedicle
dimensions observed in males support individualized assessment rather than reliance on a single standard measurement. These
findings provide preliminary locally relevant morphometric data, but larger multicentre studies using thin-section CT,

standardized level-wise measurements and multivariable analysis are required before clinical reference values can be established.
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