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The Computed Tomography-based Morphometry of Thoracolumbar
Junction (T11-L2) in Western Indian Population: Implications for
Transpedicular Screw Fixation

Sandeep Kumar Yadav', Rama Kishan’, Kishore Parihar', Rajesh Kumar Rajnish', Anil
Meena’, Rahul Meena'

Learning Point of the Article:
Western Indian thoracolumbar junction (T11-L2) pedicles measure 5.14-6.39 mm width (narrower than Western norms), supporting
4.5-6.5 mm converging screws (4050 mm length) for safe fixation, with all parameters increasing caudally and significant sex differences.

Introduction: Morphometric data for safe transpedicular screw placement at the thoracolumbar junction (T11-L2) remain limited for Indian
populations, despite ethnic variations affecting screw sizing and complications. This study provides prospective computed tomography-based
reference values for Western India.

Materials and Methods: Prospective analysis of 200 consecutive adults (>20 years; 110 males, 90 females) with back pain but normal
thoracolumbar imaging ( June 2021-August 2023) at a Western Indian tertiary center was conducted. Ethical approval taken from Institutional
Ethics Committee, AIIMS Jodhpur (IEC No.- AIIMS/IEC/2022/4070). The bilateral pedicle width, interpedicular distance (IPD), anterior
cortex depth, and transpedicular angle measured at T11-L2 using digital imaging and communications in medicine viewer (1-2 mm slices).
Means + standard deviation were compared by sexusing unpaired t-tests (P < 0.0S significant; Excel).

Results: Pedicle width increased caudally (T11: 5.14 + 0.87 mm; L2: 6.39 £ 0.89 mm), with male > female at T12/L1 (P < 0.01). IPD rose from
T11(1.74+£0.20 cm) to L2 (2.15£0.20 cm; L1 P = 0.039 by sex). Transpedicular angle: T11 (19.96 £2.20°) to L2 (23.06 + 1.42°; all P < 0.05 by
sex). Anterior cortexdepth peaked at L1 (5.05 +0.86 cm). Safe screws: Thoracic4.5-5.5 mm, lumbar 5.5-6.5 mm.

Conclusion: Western Indian norms show narrower pedicles than Western data, aligning with other Indian series but adding a T11-L2 focus.
Thisaidsin ethnicity-specific screw selection to reduce misplacement in thoracolumbar fixation.

Keywords: Thoracolumbar junction, pedicle morphometry, transpedicular screw, computed tomography, Indian population.

Introduction equina, makes this region particularly susceptible to injury from

The thoracolumbar junction (T11-L2) marks the transition traumatic insults, with a subsequent need for surgical

from rigid thoracic kyphosis to flexible lumbar lordosis,
rendering it biomechanically vulnerable to fractures and
instability that require fixation [1,2]. The unique anatomy,
combining the end of the spinal cord and beginning of the cauda

stabilization [3].

The gold standard for posterior stabilization in cases of
instability, degenerative disease, trauma, and spinal deformity is
transpedicular screws placement [4,5,6]. Their insertion is still
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INTERPEDICULARDISTANCE

DEPTH OF ANTERIOR CORTEX

Figure 1: Different parameters measured in study.

difficult technically, though. The overall incidence of
neurological, visceral, and vascular complications can reach
4-42%, with reported misplacement rates based on post-
operative computed tomography (CT) scans reaching 11%
[7,8,9]. To prevent medial or lateral pedicle wall breaches and
anterior cortex perforation, accurate screw placement
necessitates a deep comprehension of vertebral and pedicle
morphometry.

Significantly affecting safe screw diameter, length, and
trajectory are racial and ethnic variations in pedicle and
vertebral dimensions [10,11]. Indian pedicle dimensions are
frequently overestimated by Western morphometric standards,
which could result in improper screw selection and a higher risk
of complications [12]. Although earlier Indian research has
looked at lower dorsal regions (Acharya et al.) or lumbar
vertebrae (Mitra et al.), there is still a dearth of prospective CT-
based morphometry that focuses on the thoracolumbar
junction (T11-L2) in Western Indian populations [13,14].

To determine the ideal screw size, trajectory, and length, key
morphometric parameters such as pedicle width, interpedicular
distance (IPD), depth of anterior cortex, and transpedicular
angle are crucial. To reduce complications, these parameters
help surgeons choose the right implants and plan safe insertion
trajectories.

In 200 Western Indian adults, this study establishes prospective
CT-derived morphometric norms for the thoracolumbar
junction. It then compares the results with previous Indian and
international literature and offers clinical recommendations for
transpedicular screw fixation in this population. These
measurements should be interpreted in the context of Western

Indian ethnicity, as substantial intra national
variation in body habitus and skeletal dimensions is
recognized across Indian regions.

Materials and Methods

The study was conducted at the Department of
Orthopedics and Research Center at a tertiary care
facility. Ethical approval taken from Institutional
Ethics Committee, AIIMS Jodhpur (IEC No.-
AIIMS/IEC/2022/4070) in June, 2022.

Study population

Consecutive adult patients presenting to the
outpatient department with complaints of back pain
who underwent clinical and radiological evaluation

TRANSPEDICULAR ANGLE

were screened, and only those with normal

neurological examination and normal

thoracolumbar imaging were included. A total 0of 200
patients (110 males [$5%] and 90 females [45%]) meeting the
eligibility criteria were included in the study.

Study designandsetting

This prospective observational study was conducted at a
tertiary care center in Western India (AIIMS Jodhpur,
Rajasthan) between June 2021 and August 2023.

Inclusion criteria
1. Adults aged >ge years with normal neurological examination

2. Radiographs and CT scans of the thoracolumbar junction
(T11,T12,L1and L2) were reported as normal

3.Adults with body massindexwithin 18.5-24.9 kg/m2 range.

Exclusion criteria

1. History of prior spinal surgery, deformities, or pre-existing
spinal pathology

2.Age <20vyears

3.Anomalies or Abnormalities at the thoracolumbarjunction.

Datacollection

All patients underwent anteroposterior and lateral radiographs
of the thoracolumbar spine, followed by plain CT scanning of
the thoracolumbarjunction (T11-L2) using 1-2 mm axial slice
thickness. Images were analyzed using digital imaging and
communications in medicine viewer software. At each level,
measurements were obtained separately on the right and left
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Table 1: Age and sex distribution of study

participants

Age Males, Females, Total,
(years) n=110(%) n=90(%) n=200 (%)
20-29 25(22.7) 7(7.8) 32 (16.0)
30-39 16 (14.5) 16 (17.8) 32 (16.0)
40-49 21 (19.1) 20(22.2) 41 (20.5)
50-59 25 (22.7) 24 (26.7) 49 (24.5)
60-69 17 (15.5) 17 (18.9) 34 (17.0)

>70 6 (5.5) 6 (6.7) 12 (6.0)

sides and then averaged to derive a single representative value
per vertebra for analysis; we did not perform formal side to side
comparative statistics. We restricted our analysis to transverse
plane parameters that directly inform screw diameter,
mediolateral trajectory, and length (pedicle width, IPD,
transpedicular angle, and anterior cortex depth); sagittal
parameters such as pedicle height and sagittal pedicle angle
were notassessed.

The following parameters were measured bilaterally at each
vertebral level (T11, T12,L1,and L2) with right and left values
averaged:

a.Pedicle width: Distance between medial and lateral cortices at
the narrowest part of the pedicle isthmus, measured
perpendicular to the pedicle axis (defined as the line bisecting
the narrowest pedicle diameter) (Fig. 1)

b. IPD: Distance between the medial surfaces of the right and
left pedicles at the level of the isthmus (Fig. 1)

c. Depth of anterior cortex (screw path length): Distance from
the posterior aspect of the laminar cortex to the anterior cortex
ofthe vertebral body, measured along the pedicle axis (Fig. 1)

d. Transpedicular angle: Angle formed between a line passing
through the pedicle axis and a line parallel to the vertebral body
midline in the transverse plane (Fig. 1).

All measurements were performed primarily by a single
fellowship trained orthopedic surgeon, blinded to patient
demographics. To assess reproducibility, a second observer
independently repeated measurements on a random subset of
30 CT scans; interobserver reliability for all parameters was
excellent (intraclass correlation coefficient >0.95).

Statistical analysis

Data were entered and analyzed using Microsoft Excel 365.
Descriptive statistics (mean + standard deviation, range) were
calculated for all parameters. Sex-based comparisons were

performed using unpaired t-tests with 95% confidence
intervals. Statistical significance was setat P < 0.0S.

Results
Demographics
The study included 200 patients aged 20-70+ years. Age
distribution showed the highest representation in the 50-59
years group (49 patients, 24.5%), followed by 40-49 years
group (41 patients, 20.5%). Males comprised 55% (n = 110)
and females 45% (n=90) of the cohort (Table 1).

Morphometric measurements

All morphometric parameters showed a caudal increase from
T11 to L2 (Table 2). Sex-based differences were observed in
multiple parameters. Mean pedicle width increased
progressively from T11 (5.14 + 0.87 mm) to L2 (6.39 + 0.89
mm). Males demonstrated significantly greater pedicle width
than femalesat T12 (P=0.009) and L1 (P =0.004), with a trend
toward significance at L2 (P = 0.048). IPD increased caudally
from T11 (1.74 £ 0.20 cm) to L2 (2.15 £ 0.20 cm). Significant
sex differences were observed at L1 (P = 0.039), with males
showing larger values. The transpedicular angle ranged from
19.96 + 2.20° at T11 to 23.06 + 1.42° at L2. Significant sex
differences were observed at all vertebral levels (P < 0.05), with
the most pronounced difference at L2 (P < 0.001). Anterior
cortex depth peaked at L1 (5.05 + 0.86 cm) and was minimal at
T11 (4.38 +0.32 cm). Significant sex differences were noted at
T12,L1,and L2 (allP <0.01) (Table2).

Discussion

The thoracolumbar junction represents a critical transitional
zone where posterior fixation with transpedicular screws is
frequently required for trauma, deformity, and degenerative
conditions [15]. Precise knowledge of regional morphometry,
which differs greatly among ethnic groups, is necessary for
successful screw placement [10,11]. This prospective CT-
based study fills a major gap in population-specific data by
providing detailed morphometric norms for the T11-L2
vertebrae in 200 Western Indian adults.

Pedicle width and clinicalimplications

According to our results, pedicle width gradually increases from
T11 (5.14 £ 0.87 mm) to L2 (6.39 + 0.89 mm), with males
exhibiting noticeably larger dimensions than females at T12
and L1. According to Olsewski et al., lumbar pedicle widths in
Caucasian subjects ranged from 7 to 10 mm, which is
significantly smaller than those found in Western populations
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Table 2: Morphometric characteristics by sex and vertebral levelr =200)

Parameter Level semale iale total P -value
(mean+SD) (mean+SD) (mean+SD)
T11 4.81+0.86 5.40+0.79 5.14+0.87 0.397
Pedicle width| T12 5.11+0.84 5.84+0.60 5.51+0.81 0.009*
(mm) L1 5.53+0.87 6.28+0.61 5.94+0.83 0.004*
L2 6.00+0.89 6.73+0.73 6.39+0.89 0.048%*
T11 1.72+0.20 1.75+0.20 1.74+0.20 0.99
Interpedicula T12 1.91+£0.21 1.99+0.19 1.96+0.20 0.319
distance (cm) L1 2.07+0.17 2.13+0.21 2.10+0.20 0.039*
L2 2.11+0.20 2.20+0.21 2.15+0.20 0.635
T11 20.134+2.20 19.82+2.73 19.96+2.20 0.036*
Transpedicula T12 22.06+£1.37 | 21.50+1.00 | 21.75+1.21 0.001*
angle (°) L1 22.60+1.51 22.35+1.21 22.47+1.37 0.027*
L2 22.79+1.71 23.29+1.08 | 23.06*1.42 <0.001%*
T11 4.28+0.29 4.45+0.33 4.38+0.32 0.207
T12 4.52+0.28 4.64+0.38 4.59+0.34 0.003*
Depth (cm)
L1 4.83+0.27 5.224+0.85 5.05+0.86 0.001*
L2 5.03+0.33 5.00+0.23 5.02+0.30 <0.001*
*P <0.05 indicates statistically significant difference between males and
females. SD: Standard deviation

[16]. But closely correspond with other studies conducted in
India. Acharya et al. reported lower dorsal values of 4.5-6.0 mm
[14], whereas Mitra et al. found lumbar pedicle widths of
6.0-8.3 mm in males and 5.2-7.1 mm in females [13].
International research by Zindrick etal. and Kimetal. [ 12,17] is
consistent with the caudal increase pattern and male
predominance. Clinical recommendation: 4.5-5.5 mm for
thoracic levels (T11-T12) and 5.5-6.5 mm for upper lumbar
levels (L1-L2) are safe screw diameters for Western Indian
patients, according to our data. Pedicle fracture and cortical
breach are risks associated with using larger diameter screws
made for Western populations.

With notable sex differences at L1, IPD increased from T11
(1.74+0.20 cm) to L2 (2.15 £ 0.20 cm). Although our absolute
values are smaller, this caudal widening trend is consistent with
ethnic variations and islike findings by Marchesi etal. [18]. IPD
measurements are essential for determining the size of the
spinal canal and the risk of stenosis, which is especially
importantin degenerative diseases.

There were notable sex differences at every level of the

transpedicular angle, which varied from 19.96 +2.20°at T11 to
23.06 + 1.42° at L2. The degree of medial convergence
necessary for a safe screw trajectory is indicated by these angles.
Similar progressive increases from the thoracic to lumbar spine
were reported by Zindrick et al. [17], with LS exhibiting the
steepestangle (29.8°).

According to our results, to maximize purchase and prevent
medial wall breach, screws should be positioned at the
thoracolumbarjunction with 20-23° medial angulation.

The maximum screw path length was found at L1 (5.05 + 0.86
cm), where the anterior cortex depth peaked. These
measurements help to determine the ideal screw length, which
is 40-45 mm for thoracic levels and 45-50 mm for lumbar
levels. This ensures sufficient purchase without anterior
perforation and damage to the great vessels.

Our study contributes T11-L2-specific information.
Therefore, while our results may be broadly informative for
Indian patients with similar anthropometric profiles, they
cannot be assumed to represent Eastern, Northern, or Southern
Indian populations without region-specific validation.
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Although Acharya et al. studied lower dorsal vertebrae
(T10-LS) and Mitra et al. provided extensive lumbar data
(L1-LS), neither study specifically addressed the
thoracolumbar junction with our sample size [ 13,14 ]. The need
for ethnicity-specific implant design and preoperative planning
tools for the Indian population is further supported by our
findings of narrower pedicles in comparison to Western norms.
Our recommendations for screw diameter, length, and
convergence are derived from morphometric measurements
rather than from a linked surgical cohort, and we did not
evaluate actual pedicle screw placement accuracy or clinical
outcomes at each vertebral level. By restricting inclusion to
radiologically normal thoracolumbar segments, we focused on
defining normative morphometry; however, this reduces direct
generalizability to patients with deformity, fractures, or
advanced degeneration, who constitute a large proportion of
those undergoinginstrumentation.

The study’s large sample size (n = 200), prospective design,
superior accuracy of CT-based measurements over
conventional radiography, and particular attention to the
clinicallyrelevant T11-L2 region are its strengths.

Studylimitations

The results represent regional, symptomatic adults rather thana
true community-based, pan-Indian population because it was a
single-center study from Western India with a hospital-based
sample of back-pain patients. Selection bias and limited
applicability to pathological spines (fracture, deformity,
degeneration) may still exist even though only people with
normal neurological examinations and thoracolumbar imaging
were included. Multivariate modeling of morphometric
predictors was not possible because the right and left pedicles
were averaged, side-to-side asymmetry and age-stratified
differences were not examined. We only evaluated four
transverse-plane parameters on axial CT slices that were
primarily 1-2 mm, with a few legacy scans up to S mm. We also

did not use specialized three-dimensional (3D) reconstruction.
Our recommendations for screw diameter, length, and
trajectory are based on morphometric safety margins and have
not yet been prospectively correlated with intraoperative screw
placement accuracy or post-operative outcomes. Multicenter,
multiregional validation studies are necessary before wider
generalization.

Conclusion

The thoracolumbar junction (T11-L2) morphometric norms
0f 200 Western Indian adults are established in this prospective
CT-based study. Important conclusions include: Safe screw
parameters: 4.5-5.5 mm diameter (thoracic), 5.5-6.5 mm
(lumbar), 40-50 mm length, and 20-23° medial angulation;
progressive caudal increase in all parameters (width, IPD, angle,
depth); significant sex differences requiring consideration in
surgical planning; pedicle widths (5.14-6.39 mm) narrower
than Western populations but consistent with Indian ethnic
patterns. By improving surgical safety and accuracy in
transpedicular screw fixation for Western Indian patients, these
ethnicity-specific reference values lower complications in this
biomechanically delicate area. For the Indian market, we
recommend implementing these standards for preoperative
planning and implant design. Future research should include
multicenter cohorts from different Indian regions, incorporate
standardized thin slice CT with 3D reconstruction, collect
detailed anthropometric data, and prospectively correlate these
morphometric recommendations with pedicle screw
placementaccuracy and clinical outcomes.

Clinical Message

For safe transpedicular fixation in Western Indian thoracolumbar
junction cases, we advise using 4.5-5.5 mm screws (thoracic
T11-T12) and 5.5-6.5 mm screws (lumbar L1-L2) with 40-50
mm length and converging trajectory (20-23°)

Declaration of patient consent: The authors certify that they have obtained all appropriate patient consent forms. In the form, the
patient has given the consent for his/ her images and other clinical information to be reported in the journal. The patient
understands that his/ her names and initials will not be published and due efforts will be made to conceal their identity, but

anonymity cannotbe guaranteed.
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