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Abstract 
Introduction:The vertebral body (VB) shape is a major factor in determining the general configuration of the spinal column.Accurate 
quantitative morphometry of vertebrae may be needed for various purposes including geometric dimensions and implant 
designing.The present study was carried out with an aim to carry out a morphometric evaluation of lumbar vertebrae of north Indian 
population. 
Material & Methods:Different morphometric parameters were measured on hundred set of lumbar vertebra by digital Vernier caliper 
of accuracy of 0.01mm.The following parameters were recorded: Anterior and posterior height of vertebral body (VBAH & VBPH), 
Antero-posterior and transverse Diameter of Vertebral body (VBAPD & VBTD) and Anteroposterior and transverse diameter of 
Vertebral canal (VCAPD & VCTD).  
Results:Mean VBAH ranged from 21.47+1.37mm (L1) to 22.84+1.27mm (L5), mean VBPH ranged from 22.17+1.34mm (L1) to 
23.70+1.34mm (L5), mean VBAPD from 28.15+5.24mm (L1) to 29.23+4.89mm (L5), mean VBTD from 42.51+5.64mm (L1) to 
43.4.+5.46mm (L5). Range of mean VCAPD was 12.55+3.84mm (L1) to 14.27+4.90mm (L5) and mean VCTD from 18.93+4.52mm 
(L1) to 20.32+4.91mm (L5). 
Conclusions:Knowledge of anteroposterior and transverse diameters of neural canal as well as the dimensions of vertebral body may 
be useful in the detection of various clinical conditions of spine and vertebral canal like spinal stenosis. So, the present study may help 
the clinicians and spinal surgeons while assessing the spinal canal. 
 
Keywords: Vertebral body, Vertebral canal, spinal stenosis. 
 
Introduction 

The vertebral body (VB) shape is a major factor in determining the general configuration of the spinal column. Accurate 
quantitative morphometry of vertebrae may be needed for various purposes including geometric dimensions and implant designing.[1] 
The relevance of obtaining a normative pool of data also attains a significant magnitude considering the fact that number of patients 
with degenerative diseases of the thoracic and lumbar spine is increasing, which seems to be a natural consequence of aging due to the 
increase in life expectancy.[2,3]Many of the existing numeric values on normal spines, however, are usually based on a small sample 
size or isolated vertebrae of a small section of the spine and were carried out in Caucasian population.[4,5,6,7] 

 
Some recent studies have been carried out in Indian subcontinent too, but some of them are based on computed tomographic 

evaluation[8,9] and evaluations on cadaveric specimen are rare and conducted only on a small sample.[10]Knowledge of the exact 
size, shape and topographic relationship of the VB is also important for the successful harvesting of bone graft material or interbody 
fusion or for choosing the appropriate interbody device, e.g., artificial disc or interbody cage as well as establishing operation 
workspace specifications.[11] 

 
Dimensions of lumbar vertebrae have importance in clinical diagnosis of lower backache (LBA) and lumbar spinal stenosis. 

In the stenosis of the lumbar spinal canal there is anteroposterior and transverse dimensions of the neural canal are less than normal for 
the particular age and sex of the individuals. One of the symptoms of neural canal stenosis is low backache. Both occupational and 
non–occupational individuals are affected by lower backache with various degree of debilitation. The combined stenosis shows overall 
narrowing of spinal canal or segmental narrowing, protrusion of disc or any combination of these, associated with more neurological 
symptoms than any developmental and degenerative types.[12] 

 
Patients with lumbar pain, the asymptomatic group proved to have wider foramina from L3-L5 and wider sagittal diameters 

in S1 and the patients with canal stenosis revealed lower figures for all diameters of the central canal, lateral recess of L4 and foramina 
of L4 and L5[13]. Narrowing of the lumbar vertebral canal referred to lumbar canal-stenosis is most typically due to degenerative 
changes [14]. Population specific variations are common in many body dimensions, hence it imperative to generate populations 
specific measurements for body dimensions that could hold clinical relevance, providing a baseline data and guide medical and 
diagnostic knowledge of experts (Clinicians, Orthopedic surgeons, and Radiologist) in their practice. 

 
The present study was carried out with an aim to carry out a morphometric evaluation of lumbar vertebrae of north Indian 

population. 
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Material & Methods 
Present study was carried out in department of Anatomy of Rohilkhand Medical College & Hospital Bareilly and Varun 

Arjun Medical College & Rohilkhand Hospital Banthra, Shahjahanpur. Different morphometric parameters were measured on hundred 
set of lumbar vertebra by digital Vernier caliper of accuracy of 0.001mm. Specimen with gross anomalies, damage, degeneration or 
one or more missing thoracic vertebrae from the entire set was excluded from the study. Each measurement was taken three times to 
minimize error. All measurements were performed by a single observer in order to maintain consistency. The following parameters 
were recorded: (fig. 1) 

 
1. Vertebral body height (VBH): Distance between superior and inferior end plates was measured both anteriorly (VBAH) and 

posteriorly (VBPH). 
2. Antero-posterior Diameter of Vertebral body (VBAPD): Antero-posterior diameter of the vertebral body was measured as the 

minimum distance across the vertebral body. 
3. Transverse Diameter of Vertebral body (VBTD): Transverse diameter of the vertebral body was measured as the minimum 

distance across the waist of the vertebral body, which is between its upper and lower border. 
4. Anteroposterior diameter of Vertebral Canal (VCAPD): Anteroposterior diameter of the foramina was taken as the distance 

between the posterior margins of the body to the midpoint of the vertebral arch.  
5. Transverse diameter of Vertebral Canal (VCTD): It was measured with Vernier caliper as the maximum distance between the 

inner surfaces of the two pedicles. 
 

Results 
In present study Anterior vertebral body height (VBAH) ranged from 20.98 to 25.70 mm. Mean anterior vertebral body 

height of L1 was minimum (21.47±1.37 mm) while that of L5 was maximum (22.84±1.27 mm). With increasing lumbar vertebrae 
level, an increase in body height was observed. Statistically, a significant difference in vertebral heights of different vertebrae was 
observed (p<0.001). (Table 1 & Fig. 2) 

 
L1 had significantly lower mean value as compared to L3, L4 and L5, L2 had significantly lower mean value as compared to 

L4 and L5 and L3 had significantly lower mean value as compared to L5. None of the other differences were significant statistically. 
 

Posterior vertebral body height (VBPH) for different lumbar vertebrae ranged from 19.98 (L1) to 27.32 mm (L4). Mean 
value for VBPH of lumbar vertebrae ranged from 22.17±1.34 mm (L1) to 23.70±1.34 mm (L5). An incremental trend in mean VBPH 
was observed with each successive lumbar vertebra. Statistically, there was a significant difference in mean posterior vertebral body 
height of different vertebrae (p<0.001). (Table 1 & Fig 2) 

 
Anteroposterior diameter of vertebral body (VBAPD) of lumbar vertebrae ranged from 16.78 mm (L1) to 34.98 mm (L5). 

Mean anteroposterior diameter of vertebral body ranged from 27.85±4.91 mm (L2) to 29.23±4.89 mm (L5). Mean values of L1, L2 
and L3 were less than 29 mm whereas L4 and L5 had mean values >29 mm. statistically there was no significant intergroup difference 
(p=0.255). (Table 1 & Fig 3) 

 
Transverse diameter of vertebral body (VBTD) of lumbar vertebrae ranged from 34.44 mm (L1) to 51.56 mm (L5). Mean 

transverse diameter of vertebral body ranged from 41.71±5.01 mm (L2) to 43.40±5.46 mm (L5). In general, the mean values for all the 
lumbar vertebrae were too close and did not show a significant intervertebral difference (p=0.214). (table1 & Fig 3) 
 

Anteroposterior diameter of vertebral foramina of lumbar vertebrae ranged from 8.82 (L1) to 33.44 mm (L5). Mean diameter 
ranged from 12.55±3.84 mm (L1) to 14.27±4.90 mm (L6) respectively. An incremental trend in foramina diameter was observed from 
L1 till L5. Statistically, there was a significant difference in anteroposterior diameter of canal among different lumbar vertebrae 
(p=0.022). (Table 1 & Fig 4) 

 
Transverse diameter of vertebral foramina of lumbar vertebrae ranged from 13.02 (L1) to 36.49 mm (L5). Mean diameter 

ranged from 18.93±4.52 mm (L1) to 20.32±4.91 mm (L5) respectively. Although an incremental trend in foramina diameter was 
observed with each subsequent lumbar vertebra yet inter-vertebrae difference in mean values did not show a significant difference 
(p=0.275). (Table 1 & Fig 4) 
 
Discussion 

Lumbar spine or the lower back is comprised of five vertebrae and plays an important role in weight bearing. The lumbar 
vertebrae are the largest of the vertebrae because of their weight-bearing function supporting the torso and head. Morphological 
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changes and degeneration of lumbar vertebrae results in back pain which not only lead to physical and occupational disability but also 
has an effect on overall quality of life of an individual. 

 
In present study anterior vertebral body height for different lumbar vertebrae ranged from 19.13 mm (L1) to 25.70 mm (L5). 

An increasing trend in mean anterior vertebral body height was observed from 21.47±1.37 mm (L1) to 22.84±1.27 mm (L5). Similar 
increasing trends were also obtained by Atta-Alla et al. (2014)[15] who reported mean anterior height of lumbar vertebra to increase 
from 31.8±1.8 mm (L1) to 34.5±1.8 mm (L5) while using in situ X-ray evaluation. Singh et al. (2014)[10] while making 
measurements in cadavers, also showed dimensional increase in vertebral body anterior height to be similar to our study with values 
ranging from L1 (23.5 mm) to L5 (26.2 mm). The findings thus specify that method of measurement also holds a key to exact 
measurements. Some differences in measurements made by us and Singh et al.[10] could be attributed to the fact that they made their 
observations in embalmed dissecting-room male cadavers whereas in our study observations were made in dried bones. 

 
Mean posterior vertebral body height of lumbar spine ranged from 22.17±1.34 mm (L1) to 23.70±1.34 mm (L5). However, 

for lumbar spine, the observations in present study are quite different from the observations of Tan et al. (2004)[16] who found these 
L1 and L2 to be larger than L3, L4 and L5. In present study such trend was not observed, instead a nominal continuous increasing 
trend of vertebral body posterior height of lumbar spine was observed. Berry et al. (1987) [4] also contradicted with our findings for 
lumbar spine and supported the findings of Tan et al. (2004) [16]. Other researchers too found findings contradictory to our study [10, 
15]. This is a contradictory finding and varies substantially from the existing data base.  

 
In present study the anteroposterior diameter of vertebral body ranges from 28.15mm to 29.23mm, where the values of L2 

were less than the L1 and mean values of L3, L4 & L5 was higher than L1-L2. A different pattern showed by Aalam M M et al (2014) 
[8], where APD increases from L1 to L4 both in male and female but APD of L5 was less than L4 in case of male but in females APD 
of L5 was more than L4. Azu O et al (2016) [12] showed an increasing trend in APD from L (30.44mm) to L5 (35.55mm). (Table 2) 

 
Transverse diameter of vertebral body studied by Eisenstein et al (1977) [17] in various population and reported TD in 

Caucasoid ranged from 39mm to 46mm (L1-L5), in Zulu range was 39mm to 45mm (L1-L5), and in Sotto TD ranged from 38mm to 
44mm (L1-L5) which was increasing from L1 to L5 but the mean values were higher in Caucasoid. Amonookuofi et al (1982) [18] 
also reported an increasing trend from L1to L5 and mean value ranged from 41.3mm to 52.8mm (L1-L5), which was higher than the 
present study. Chhabra et al,[19] Gupta R et al[20]Aalam M et al[8] and present study also showed an increasing value of TD from L1 
to L5 but Berry et al [4] reported increasing width of vertebral body from L1 to L2 than decreasing width from L3 to L4 and again 
values of L5 was higher than L4. (Table 3) 

 
The sagittal diameter (anteroposterior diameter) of the spinal canal has clinical importance in traumatic, degenerative, and 

inflammatory conditions. An increased risk of injury of spinal cord is associated with small vertebral canal diameter.15. Spinal 
stenosis has been defined by spinal canal AP diameter as follows: less than 12mm for the cervical spine, less than 10mm for the 
thoracic spine, and less than 12mm for the lumbar spine [21, 22, 23]. To confirm spinal stenosis, the normal spinal canal AP diameters 
need to be established. In present study the sagittal diameter of neural canal ranged from 12.55mm to 14.27mm and showed an 
increasing pattern, which was different from the values and pattern reported by other authors.[8,12,14,20] (table 4) 

 
Transverse diameter of neural canal ranged from 18.93mm to 20.32mm from L1-L5 in present study, values were less than 

the values reported by other authors.[8,12,14,20] (Table 4) 
 

Conclusions 
Knowledge of anteroposterior and transverse diameters of neural canal may be useful in the detection of clinical conditions 

like spinal canal stenosis because the Transverse diameter was the largest dimension of spinal canal but it shows that sagittal diameter 
is clinically most significant dimension of spinal canal [17].Cauda equina lies in the lumbar vertebral canal, so it’s narrowing may lead 
to compression to nerve roots.[24]Transverse diameter of the spinal canal at any segmental level is proportional to the size of vertebral 
body at that level[18]. So, the present study may help the clinicians and spinal surgeons while assessing the spinal canal. 
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Table 1: Various measured parameters of Body & Neural Canal of Lumbar Vertebrae 
 Anterior 

vertebral 
body 
height 
(VBAH) 

Posterior 
vertebral 
body 
height 
(VBPH) 

Anteroposterior 
vertebral body 
diameter 
(VBAPD) 

Transverse 
vertebral 
body 
diameter 
(VBTD) 

Vertebral Canal 
anteroposterior 
diameter 
(VCAPD) 

Vertebral 
Canal 
transverse 
diameter 
(VCTD) 

L1 21.47+1.37 22.17+1.34 28.15+5.24 42.51+5.64 12.55+3.84 18.93+4.52 

L2 21.67+1.07 22.73+1.68 27.85+4.91 41.71+5.01 13.37+3.93 19.32+4.62 
L3 22.03+1.11 22.79+1.06 28.73+5.08 42.25+4.78 13.49+3.87 19.78+4.84 
L4 22.48+1.03 23.65+1.72 29.00+4.90 42.75+4.85 14.24+4.32 19.87+4.74 
L5 22.84+1.27 23.70+1.34 29.23+4.89 43.40+5.46 14.27+4.90 20.32+4.91 

 
Table 2: Anteroposterior diameter of vertebral body reported by different Authors 

 Aalam M M et al (2014) [8] Azu O O et al (2016) 
[12] 

Present study 

L1 M-30.4 
F-27.7 

30.44 28.15 

L2 M-32.47 
F-29.60 

31.78 27.85 

L3 M-32.85 
F-30.00 

32.67 28.73 

L4 M-33.85 
F-30.00 

34.05 29.00 

L5 M-33.71 
F-31.50 

35.55 29.23 

M= male, F= female 
 

Table 3: Comparisonsof transverse diameter of Body of Lumbar Vertebrae by Different studies 
 Eisenstein (1977) [17] Amonookuofi 

(1982), [18] 
Nigerian 

Berry 
et al [4] 
(1987) 
Ohio 
USA 

Chhabra 
et al [19] 
(1991) 
India 

Gupta 
R et al 
[20] 
(2011) 
India 

Aalam 
M M 
[8] 
(2014) 

Present 
Study Caucasoid Zulu Sotto 

L1 39 39 38 41.3 39.5 42.7 37.41 M-41.7 
F-38.4 

42.51 

L2 40 40 39 42.9 44.8 45.4 38.02 M- 
43.44 
F-39.5 

41.71 

L3 43 42 41 45.8 42.3 48.3 39.22 M- 
45.45 
F-40.88 

42.25 

L4 44 44 43 49.6 40.8 51.5 40.92 M-
47.08 
F-43.43 

42.75 

L5 46 45 44 52.8 46.1 59.4 43.90 M-
48.95 
F-46.24 

43.40 
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Table 4: Dimensions of Vertebral Canal of Lumbar Vertebrae Reported by Different Authors (TD-transverse diameter, AP-
anteroposterior diameter) 

 Mohammed El 
rakhawy 
(2010) [14] 
CT Scan 

Gupta R et al 
(2011) [20] 

Aalam MM et al 
(2014) 
[8] 

Azu O O et al 
(2016) [12] 

Present study 

TD 
(mm) 

AP 
(mm) 

TD 
(mm) 

AP 
(mm) 

TD 
(mm) 

AP 
(mm) 

TD 
(mm) 

AP 
(mm) 

TD 
(mm) 

AP 
(mm) 

L1 21.6 14.9 21.83 17.48 M-24.1 
F-23.5 

M-17.7 
F-16.7 

20.04 17.29 18.93 12.55 

L2 22.6 15 22.04 16.91 M-24.34 
F-23.46 

M-16.26 
F-16.28 

20.79 16.29 19.32 13.37 

L3 21.4 13.4 22.47 16.24 M-24.13 
F-22.36 

M-15.48 
F-15.31 

21.40 16.62 19.78 13.49 

L4 23.5 15.4 23.16 16.57 M-24.48 
F-23.81 

M-14.77 
F-14.28 

22.98 17.53 19.87 14.24 

L5 25.1 15.6 24.71 17.40 M-28.43 
F-25.96 

M-15.25 
F-13.76 

24.01 18.83 20.32 14.27 
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