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Abstract 
Background:  Lumbar pedicle dimensions are directly relevant to transpedicular 
fixation, yet these dimensions vary across vertebral levels and populations. Region-
specific osteometric data can therefore assist anatomical teaching and operative 
planning. Objective: To compare pedicle width, pedicle height and interpedicular 
distance in typical and atypical adult human lumbar vertebrae. Materials and methods: 
A descriptive cross-sectional osteological study was carried out in the Department of 
Anatomy, Government Medical College, Nagaur, Rajasthan. One hundred dry adult 
human lumbar vertebrae of unknown age and sex were examined, including 50 typical 
and 50 atypical vertebrae. Fully ossified and intact specimens were included, whereas 
damaged, deformed or pathologically altered vertebrae were excluded. Right and left 
pedicle width and height and the interpedicular distance were measured with a digital 
Vernier caliper. Data were expressed as mean ± standard deviation, and p<0.05 was 
considered statistically significant. Results: No significant right-left difference was 
observed in pedicle width or height within either vertebral group. Atypical vertebrae 
had wider pedicles than typical vertebrae on the right (10.52 ± 2.82 mm vs 8.29 ± 1.76 
mm) and left (10.75 ± 2.77 mm vs 8.31 ± 1.92 mm), with p<0.001 for both comparisons. 
Pedicle height was similar between groups on the right (14.06 ± 2.23 mm vs 13.89 ± 
1.49 mm; p=0.65) and left (14.16 ± 2.24 mm vs 14.00 ± 1.35 mm; p=0.66). Interpedicular 
distance was greater in atypical vertebrae (18.71 ± 3.99 mm vs 17.34 ± 2.07 mm; 
p=0.003). Conclusion: Atypical lumbar vertebrae were characterised mainly by greater 
transverse pedicle dimensions, while pedicle height remained comparable with that of 
typical vertebrae. These measurements provide useful regional anatomical information 
for implant selection and pedicle screw placement, although patient-specific imaging 
remains essential in clinical practice. 
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INTRODUCTION 
The lumbar vertebrae bear much of the axial load of the trunk while permitting movement and protecting the neural 

structures within the vertebral canal. The pedicles form short, strong bridges between the vertebral body and posterior 

elements, and their dimensions influence the shape of the vertebral canal as well as the size of the osseous corridor available 

for spinal instrumentation.1,2 

 

Pedicle screws are widely used for posterior stabilisation because fixation through the pedicle provides access to all three 

spinal columns. Their safety, however, depends on an accurate understanding of pedicle anatomy. A screw that is too large 

or incorrectly directed may breach the cortex and injure adjacent neural or vascular structures, whereas a screw that is too 

small may provide inadequate purchase. The cortical and subcortical structure of the pedicle also contributes substantially 

to screw stability.3,4 

 

Lumbar pedicle morphology is not uniform. It varies with vertebral level, sex, body size, ancestry and the method used for 

measurement. Studies from Asian and Indian populations have generally shown a progressive increase in transverse pedicle 

diameter toward the lower lumbar region, but the absolute values differ across populations and study techniques.5-10The 

type of motion available at a joint formed by it also varies according to age, sex and the structure of joint .12 
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The fifth lumbar vertebra is structurally adapted to the lumbosacral junction and is conventionally described as atypical. 

Although several reports have documented level-wise lumbar measurements, data from western Rajasthan remain limited. 

In our study, pedicle width, pedicle height and interpedicular distance were measured in typical and atypical adult human 

lumbar vertebrae to assess bilateral symmetry and identify morphometric differences of potential surgical relevance.11 

 

MATERIALS AND METHODS 

Study design and specimens 
This descriptive cross-sectional osteological study was conducted over one year in the Department of Anatomy, 

Government Medical College, Nagaur, Rajasthan, India. The study material comprised 100 dry adult human lumbar 

vertebrae of unknown age and sex from the departmental osteology collection. Fifty specimens were classified as typical 

lumbar vertebrae and 50 as atypical lumbar vertebrae on the basis of standard anatomical features. Fully ossified vertebrae 

with intact pedicles and clearly defined landmarks were included. Specimens that were broken, incompletely ossified, 

deformed, eroded or affected by an evident pathological process were excluded. 

 

Morphometric measurements 
All measurements were recorded in millimetres with a digital Vernier caliper. Pedicle width was measured at the narrowest 

transverse part of each pedicle between its medial and lateral cortices. Pedicle height was measured at the narrowest 

superior-inferior part between the superior and inferior cortices. Both parameters were recorded separately on the right and 

left sides. Interpedicular distance was measured as the transverse distance between the medial surfaces of the two pedicles. 

The same anatomical landmarks and measurement technique were used for all specimens. 

 

Statistical analysis 
Continuous variables were summarised as mean ± standard deviation (SD). Right-left measurements were compared within 

each vertebral group, and the corresponding dimensions of typical and atypical vertebrae were compared between groups. 
All comparisons were two-sided, and a p value below 0.05 was considered statistically significant. 

 

RESULTS 
A total of 100 adult dried lumbar vertebrae were evaluated, with equal numbers of typical and atypical specimens. The 

measurements of pedicle width, pedicle height and interpedicular distance are summarised below. 

Bilateral measurements 
Typical lumbar vertebrae showed nearly identical measurements on the two sides. Mean pedicle width was 8.29 ± 1.76 

mm on the right and 8.31 ± 1.92 mm on the left (p=0.96), while mean pedicle height was 13.89 ± 1.49 mm and 14.00 ± 

1.35 mm, respectively (p=0.70). Atypical vertebrae showed the same pattern: right and left pedicle widths were 10.52 ± 

2.82 mm and 10.75 ± 2.77 mm (p=0.68), and the corresponding heights were 14.06 ± 2.23 mm and 14.16 ± 2.24 mm 

(p=0.82). None of the bilateral comparisons was statistically significant. 

 

Table 1. Side-to-side comparison of pedicle dimensions in typical and atypical lumbar vertebrae 

Parameter Typical right 

Mean ± SD 

Typical left 

Mean ± SD 

p value Atypical right 

Mean ± SD 

Atypical left 

Mean ± SD 

p value 

Width (mm) 8.29 ± 1.76 8.31 ± 1.92 0.96 10.52 ± 2.82 10.75 ± 2.77 0.68 

Height (mm) 13.89 ± 1.49 14.00 ± 1.35 0.70 14.06 ± 2.23 14.16 ± 2.24 0.82 

Values are expressed as mean ± SD. 

 

 
Figure 1. Side-to-side comparison of pedicle width and height in typical and atypical lumbar vertebrae. Error 

bars represent SD. 
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Comparison of typical and atypical vertebrae 
The main between-group difference was seen in pedicle width. On the right side, atypical vertebrae had a mean width of 

10.52 ± 2.82 mm compared with 8.29 ± 1.76 mm in typical vertebrae, a difference of 2.23 mm (p<0.001). On the left side, 

the corresponding values were 10.75 ± 2.77 mm and 8.31 ± 1.92 mm, a difference of 2.44 mm (p<0.001). Pedicle height 

did not differ significantly between the groups. The right-sided means were 14.06 ± 2.23 mm and 13.89 ± 1.49 mm 

(p=0.65), while the left-sided means were 14.16 ± 2.24 mm and 14.00 ± 1.35 mm (p=0.66) in atypical and typical vertebrae, 

respectively. 
 

Table 2. Comparison of pedicle dimensions between typical and atypical lumbar vertebrae. 

Parameter Side Typical 

Mean ± SD 

Atypical 

Mean ± SD 

Mean difference 

(Atypical - Typical) 

p value 

Pedicle width 

(mm) 

Right 8.29 ± 1.76 10.52 ± 2.82 2.23 <0.001 

Pedicle width 

(mm) 

Left 8.31 ± 1.92 10.75 ± 2.77 2.44 <0.001 

Pedicle height 

(mm) 

Right 13.89 ± 1.49 14.06 ± 2.23 0.17 0.65 

Pedicle height 

(mm) 

Left 14.00 ± 1.35 14.16 ± 2.24 0.16 0.66 

 
Values are expressed as mean ± SD. 

 

 
Figure 2. Comparison of pedicle width and height between typical and atypical lumbar vertebrae. Error bars 

represent SD. 
 

Interpedicular distance 
Mean interpedicular distance measured 17.34 ± 2.07 mm in typical vertebrae and 18.71 ± 3.99 mm in atypical vertebrae. 

The mean difference was 1.37 mm and was statistically significant (p=0.003). Taken together, the findings show that 

atypical vertebrae differed mainly in their transverse dimensions, whereas pedicle height remained similar in the two 

groups. 

 

Table 3. Comparison of interpedicular distance between typical and atypical lumbar vertebrae 

Measurement Typical 

Mean ± SD 

Atypical 

Mean ± SD 

p value 

Interpedicular distance 

(mm) 

17.34 ± 2.07 18.71 ± 3.99 0.003 
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Figure 3. Mean interpedicular distance in typical and atypical lumbar vertebrae. Error bars represent SD. 

 

DISCUSSION 
In our study, pedicle width and height were bilaterally symmetrical in both typical and atypical lumbar vertebrae. The 

clearest difference between the groups was a greater pedicle width in atypical vertebrae on both sides. Interpedicular 

distance was also greater in the atypical group, whereas pedicle height remained essentially unchanged. This pattern 
suggests that the transition to atypical lower lumbar morphology is expressed more through transverse widening than 

through an increase in vertical pedicle dimension. 

 

The lack of a significant right-left difference is in keeping with earlier quantitative studies of the lumbar spine. Panjabi et 

al. described broadly reproducible bilateral vertebral geometry, and more recent pooled analyses have also found little 

clinically meaningful side-to-side variation in pedicle dimensions. Bilateral symmetry is useful during anatomical 

assessment and surgical planning because the opposite pedicle may serve as a reference when one side is difficult to 

delineate. It should not, however, be taken to mean that every individual vertebra is perfectly symmetrical.1,11 

 

The significantly larger pedicle width in atypical vertebrae agrees with the well-recognised caudal increase in transverse 

pedicle diameter. Mitra et al. reported level-related changes in Indian specimens relevant to pedicle screw fixation, while 

Acharya et al. documented progressive widening in a large series of lower dorsal and lumbar vertebrae. Similar trends have 

been reported in more recent Indian osteological studies and in systematic reviews comparing different geographic 

populations.4,6-10 

 

Pedicle height behaved differently from pedicle width. Mean height remained close to 14 mm in every side-group 

comparison, and the differences between typical and atypical vertebrae were small and statistically non-significant. This is 
consistent with published evidence that vertical pedicle dimensions show a less uniform level-wise pattern than transverse 

dimensions. The greater interpedicular distance in atypical vertebrae is anatomically compatible with the broader posterior 

configuration of the lumbosacral junction and with widening of the lower lumbar canal.10,11 

 

These measurements have practical relevance to transpedicular instrumentation. The wider pedicles of atypical vertebrae 

may provide a larger osseous corridor, whereas the narrower pedicles of typical vertebrae may allow less margin for error. 

Screw diameter and trajectory should therefore be selected with attention to vertebral level and local anatomy rather than 

from a single generic reference value. These studies seek to provide information regarding the size, shape, and orientation 

of the pedicles, which are crucial for surgical procedures involving the lumbar spine (Mitra et al., 2002; Abiodun et al., 

2020)4,13. At the same time, measurements from dried bones are best regarded as anatomical guidance; preoperative 

computed tomography and intraoperative imaging remain necessary because clinically important variation can occur 

between individuals.3-5,8,9. 

 

CONCLUSION 
Atypical adult human lumbar vertebrae in our study had significantly wider pedicles on both sides and a greater 

interpedicular distance than typical vertebrae, while pedicle height was comparable between the groups. Right-left 

measurements were symmetrical in both groups. The findings identify transverse widening as the principal pedicle-related 
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feature of atypical lumbar vertebrae and provide regional anatomical data that may assist teaching, implant selection and 

planning of pedicle screw fixation. Individual preoperative imaging remains essential before applying these measurements 

in clinical practice. 
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