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Abstract

Objective: The lumbar spine plays a crucial role in weight bearing in human beings. This study focused on
determination of different parameters in local Pakistani population to enhance the clinical diagnosis and spinal
surgeries.

Methods: This cross-sectional observational study was done in the Anatomy Museum of King Edward Medical
University during the year 2024 on a collection of 200 dry lumbar vertebrae. All the vertebrae with intact bony
features were included in this study, while damaged or vertebrae with gross abnormality were excluded. All
parameters were taken with the help of a Vernier calliper and expressed in millimetres. Vertebral body parameters
recorded include anteroposterior length of upper and lower border on both right and left sides, and transverse
length of body at superior border, at middle of body and inferior border was recorded. Height or vertebral body
in midline anteriorly, along with anteroposterior and transverse dimensions of vertebral canal, was also recorded.

Results: Mean and standard deviation of all parameters were calculated, and a paired t-test was applied on paired
dimensions, e.g anteroposterior diameters of the upper and lower borders of both right and left sides. That does
not reveal any statistically significant difference. Significant difference was found in the transverse length of the
vertebral body at the upper and lower borders with the middle of the vertebral body (p<0.01)

Conclusion: These findings will help precise diagnosis of various clinical conditions arising due to changes in
morphology and in designing prostheses for surgical implications.

Keywords: Lumbar vertebra, spinal canal, body of vertebra

Introduction

The lumbar part of the spinal column is crucial for weight bearing and the flexibility of the human
body. The Latin word “Lumbus” denotes “Lion”; therefore, comparing this spine region with a
strong and flexible lion. The 1% lumbar vertebra is Atypical as it resembles the thoracic vertebrae,
while the thickness of the remaining vertebral bodies increases towards the lower end of the spine.
The last lumbar vertebra has the thickest body.! Precise measurements of various dimensions of
these vertebrae are important both clinically and surgically to treat spinal disorders.? Spinal fusion,
laminectomy, and pedicle screw fixation are common surgical procedures being performed
worldwide.3 Precise measurements of various dimensions of vertebrae are key factors for
successful surgery, and these dimensions can be influenced significantly by age, sex, population
demography and ethnicity. For example, spinal surgeries performed for vertebral stenosis require
exact measurements of the vertebral body in all directions. Similarly, lateral fixation by screws
need accurate pedicle measurements.*

Despite the vast data available on the morphology of lumbar vertebrae, there is a dire need to
investigate this according to a specific population. This gap in the literature leads us to investigate
the morphology of lumbar vertebrae in the Pakistani population for better implications of surgery.
It will also help device manufacturers to design prostheses according to local population needs
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with a decreased risk of implant failure. Morphometry of lumbar vertebrae has been extensively studied, and meta-analysis of data
revealed significant differences among gender, ethnicity and nutritional status. Therefore, this section presents existing literature
based on morphometry and its clinical implications. A study by Bonczar et al. revealed that pedicles are slightly thicker and larger
in males as compared to females. Another study by Guan et al. threw light on differences in dimensions of pedicles between Asian
and Western populations.’ According to his study, the Asian population has slightly narrower pedicles. Multiple studies are
revealing a relationship between narrowing or stenosis of the lumbar spinal canal and locomotive symptoms in individuals. Another
study states that persistent lower back pain and leg pain in advancing age can be a symptom of lumbar canal stenosis.® For this
reason, almost 600,000 spinal surgeries are being performed in the US each year.” M Lenz et. al. compared different techniques of
decompression spinal surgeries to treat spinal stenosis.® We searched the literature that showed a vast variety of mild changes in
the morphology of lumbar spinal dimensions, causing lower back pain requiring surgery. During these surgical treatments, explicit
details of morphometric data are necessary for a successful surgery or implants. The present study focuses on quantitative data
analysis of lumbar vertebrae, specifically of the Pakistani population.

Materials And Methods

This cross-sectional observational study was carried out on 200 dried human lumbar vertebrae. Bones were obtained from the
Anatomy Museum (osteology section) of King Edward Medical University.

A convenient sampling method was employed to choose the dry lumbar vertebrae available at the Anatomy museum during the 1st
January to 30" January 2024. Well-preserved, complete vertebrae without any gross abnormality were selected for the study. In
contrast, any vertebra with damaged parts or with any congenital/gross abnormality was excluded from this study. The study was
done under ethical consideration. Institutional Ethical Committee approval (112/RC/KEMU) was obtained from the IRB before
commencement of the study. Quantitative data were collected twice by the same observers to minimise the interobserver error.
Segregation of typical and atypical lumbar vertebrae was not done, and sex and age were also not taken into consideration due to
the random collection of dry bones. Quantitative data were expressed in millimetres and analysed by SPSS (version 26) to identify
mean =+ standard deviation. A paired t-test was applied to compare the values of the upper and lower borders. Parameters taken are
shown in Figure 1 and Table 1

Figure 1: Measurement of morphometric parameters of the Lumbar vertebra

Table 1: Parameters for morphometric analysis of lumbar vertebrae

S.No. Parameter (mm)

1. Vertebral body height in the midline (A-B)
Anteroposterior length of body at right upper border (C-D)
Anteroposterior length of body at right lower border (E-F)
Anteroposterior length of body at left upper border (G-H)
Anteroposterior length of body at left lower border (I-J)
Transverse length of body at upper border (K-L)
Transverse length of body at midpoint (M-N)

Transverse length of body at lower border (O-P)

Rl Bl Bl R el Rl

Anteroposterior diameter of vertebral canal (Q-R)

10. Transverse diameter of vertebral canal (S-T)
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Results

The quantitative data obtained were analysed by SPSS (version 26), and mean values of all parameters and standard deviation of
mean are given in Table 2. Paired “t” test was applied on anteroposterior length of upper and lower borders of both right and left
sides (Table 3), indicating there was no statistically significant difference between these parameters (p-value>0.05). Table 3 also
showed the statistically significant difference (p-value<0.05) between the upper border's transverse length (K-L) and the body's
mid-point (M-N). Similarly, the transverse length of the body at midpoint (M-N) and lower border (O-P) was also significant (p-
value <0.05), representing that the vertebral body maintains its shape anteroposterior and transversely but with little concavity in
the middle. This suggests that the upper and lower borders are symmetrical, which helps in load management and stability of the
vertebral column.

Table 2: Mean and standard deviation of various parameters of lumbar vertebrae

S. No. Parameter Mean = SD
1 Vertebral body height in the midline anteriorly (A-B) 27.01+1.93
2 Anteroposterior length of body at right upper border (C-D) 32.03 +2.69
3 Anteroposterior length of body at right lower border (E-F) 31.93+£1.59
4 Anteroposterior length of body at left upper border (G-H) 31.96+1.91
5 Anteroposterior length of body at left lower border (I-J) 31.77+£2.04
6 Transverse length of body at upper border (K-L) 49.22 +£2.86
7 Transverse length of body at midpoint (M-N) 43.59+2.92
8 Transverse length of body at lower border (O-P) 49.24 +£3.17
9 Anteroposterior diameter of vertebral canal (Q-R) 15.62 £1.99
10 Transverse diameter of vertebral canal (S-T) 23.48 £3.15

*All measurements are in mm. (n=200)

Table 3: “Paired t-test” analysis of various parameters of lumbar vertebrae

S. No. Parameter Mean+SD p-Value
1. Anteroposterior length of body at right upper border 0.100+2.69 0.600
(C-D) and Anteroposterior length of body at right
lower border (E-F)
2. Anteroposterior length of body at left upper border (G-  0.09+£1.36 0.352
H) and Anteroposterior length of body at left lower
border (I-J)

3. Transverse length of body at upper border (K-L) and 5.627+1.262 0.001*
Transverse length of body at midpoint (M-N)

4. Transverse length of body at midpoint (M-N) and -5.648+2.612 0.001*
Transverse length of body at lower border (O-P)

5. Transverse length of body at upper border (K-L) and -0.021+£2.366 0.902

Transverse length of body at lower border (O-P)
*p-value <0.05 is statistically significant

Discussion

The current study revealed that the anteroposterior dimensions of lumbar vertebral body are uniform at its upper and lower borders,
that is in contrast with the results by Ashish et.al. (2023),? According to his study, significant difference (p <0.01) was present in
anteroposterior diameter at upper and lower borders that was 30.1+£3.3 and 30.6+3 respectively. Our study showed that the
transverse length of the body is comparable at its upper and lower borders, but has a statistically significant difference at the
midpoint of the body with both upper and lower borders. The centre of the body is concave, which leads to a reduction of the
transverse diameter. Zoho et. al. (2000),'° showed a mean vertebral height in midline anteriorly that was 29.94+2.3 in females. His
work was based on imaging techniques in patients, which may be a cause of the difference in results, as our study was based entirely
on the dried bones. The current study is by multiple studies on various populations that the transverse diameter of the vertebral
canal is higher than the anteroposterior diameter. Tobin et. al. measured the correlation between vertebral canal dimension and
vertebral body dimension in cervical and lumbar regions and found that changes in these dimensions can result in stenosis.!! This
study will aid in the significant statistical values of different parameters of lumbar vertebrae to design a prosthesis for lumbar
surgeries. Current useful study has certain limitations that collections of dry bones could not be segregated according to age and
sex. In addition, it would be more helpful if we could take the parameters of vertebrae belonging to the same individual.
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Conclusions

In summary, the current study revealed that the anteroposterior and transverse diameters of the lumbar vertebral body are
symmetrical at its upper and lower borders, but the transverse diameter of the body at mid-point is significantly shorter, giving it a
concave appearance in the centre. These measurements provide valuable insights for clinical diagnosis and surgical management.

References

1. Waxenbaum JA, Reddy V, Williams C, Futterman B. Anatomy, back, lumbar vertebrae.

2. Bonczar M, Koszewski J, Czarnota W, Dziedzic M, Ostrowski P, Mozdzen K, Murawska A, Hajdyta P, Walocha A,
Walocha E, Walocha J. The morphology of the lumbar vertebrae: a systematic review with meta-analysis of 1481
individuals with implications for spine surgery. Surgical and Radiologic Anatomy. 2024 Dec;47(1):1-2.
https://doi.org/10.1007/s00276-024-03509-4

3. Hajilo P, Imani B, Zandi S, Mehrafshan A, Khazaei S. The comparison study of laminectomy with unilateral and bilateral
pedicle screws fixation and laminectomy alone without fusion interbody in young patients with lumbar spinal stenosis: A
randomized clinical trial. Heliyon. 2024 Aug 15;10(15). https://doi.org/10.1016/j.heliyon.2024.e35435

4. Dhar UK, Menzer EL, Lin M, O’Connor T, Ghimire N, Dakwar E, Papanastassiou ID, Aghayev K, Tsai CT, Vrionis FD.
Open laminectomy vs. minimally invasive laminectomy for lumbar spinal stenosis: a review. Frontiers in Surgery. 2024
Nov 7;11:1357897. https://doi.org/10.3389/fsurg.2024.1357897

5. Guan W, Yu W, Lin Q, Zhang Z, Du G, Tian J, Xu Y, Hsich E. Lumbar Vertebrac Morphological Analysis and an
Additional Approach for Vertebrae Identification in Lumbar Spine DXA Images. Journal of Clinical Densitometry. 2020
Jul 1;23(3):395-402. https://doi.org/10.1016/j.jocd.2018.09.004

6. Fujita N. Lumbar spinal canal stenosis from the perspective of locomotive syndrome and metabolic syndrome: a narrative
review. Spine Surgery and Related Research. 2021 Mar 27;5(2):61-7. https://doi.org/10.22603/ssr1.2020-0112

7. Katz JN, Zimmerman ZE, Mass H, Makhni MC. Diagnosis and management of lumbar spinal stenosis: a review. Jama.
2022 May 3;327(17):1688-99. https://doi.org/10.1001/jama.2022.5921

8. Lenz M, Mohamud K, Bredow J, Oikonomidis S, Eysel P, Scheyerer MJ. Comparison of different approaches in
lumbosacral spinal fusion surgery: a systematic review and meta-analysis. Asian Spine Journal. 2021 Jan 5;16(1):141.
https://doi.org/10.31616/asj.2020.0405

9. Ashish S, Kalluraya P, Pai MM, Murlimanju BV, Rao Y, Prabhu LV, Agrawal A. Morphometric study of the lumbar
vertebrae in dried anatomical collections. F1000Research. 2023 Dec 28;11:1408.
https://doi.org/10.12688/f1000research.126879.4

10. Zhou SH, McCarthy ID, McGregor AH, Coombs RR, Hughes SP. Geometrical dimensions of the lower lumbar vertebrae—
analysis of data from digitised CT images. European Spine Journal. 2000 Jun;9:242-8.
https://doi.org/10.1007/s005860000140

11. Tobin MK, Gragnaniello C, Horwitz J, Sun FW, Schizas C, Neckrysh S. Generational changes in lumbar spinal canal
dimensions: Findings from a sample US population. World neurosurgery. 2021 Feb 1;146:¢902-16.
https://doi.org/10.1016/j.wneu.2020.11.039

306


https://doi.org/10.1016/j.heliyon.2024.e35435
https://doi.org/10.31616/asj.2020.0405
https://doi.org/10.12688/f1000research.126879.4
https://doi.org/10.1016/j.wneu.2020.11.039

