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Abstract: The aim of this study is to establish normal values as reference for vertebral end plate from T12 to L4 in 

normal Sudanese subjects using computerized tomography (CT).130 lateral scout CT scans done using GE Healthcare 

machine with KV120, MA10-50 for lumber vertebra were obtained from subjects (65 males and 65 females) their ages 

ranged from (15-74) years old .Endplates angle from T12 to L4 were measured using Cobb Method for both genders and 

the data were correlated to their ages. For males the endplates mean angles were found to be 

7.4±3.5,6.6±3.3,4.7±2.9,5.3±3.8,18.8±7.6 and for females 9.2±4.5,9.9±4.5,9.7±4.2,6.8±4.3,5.9,4.6 for T12,L1,L2,L3and L4 

respectively. The research also studied the difference according to gender; it showed significant difference at p value 0.05, 

the end plates angles were affected as the subjects ages increase. The study concluded that the mean Cobb angle end plate 

differs significantly from males and females Sudanese subjects and it has relation with age and the values differs from what 

was mentioned in the previous studies, the knowledge of the normal end plates angle allows better characterization and 

diagnosis for vertebra from T12 to L4. 
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1. Introduction

The spine is an anatomical structure of repetitive motion 

and large compressive forces and therefore will be of high 

risk of degenerative changes. [1]. 

Knowledge of the bony anatomy of the spine, especially 

of the vertebral endplate, is necessary for evaluation of the 

normal vertebra or cases that needs surgery. Numerous 

investigators have conducted studies offered specific 

information on the vertebral morphology in the sagittal and 

coronal planes [2-6] but still there is a lack of studies 

concerning the geometry of vertebral endplates. 

The vertebral endplate is a thin layer of dense, 

subchondral bone adjacent to the intervertebral disc, which 

tends to be thinnest in the central region and thickest 

towards the periphery [7].  

Wedging of the vertebral bodies is a recognized normal 

anatomic feature [8]. The thoraco lumbar junction is the 

most common location for diseases [9,10]. Traumatic 

fractures commonly occur between T12andL2 

[8,11],therefore, it can sometimes be difficult to 

differentiate between fractures and normal anatomic 

wedging [12].  

Evaluation of bone morphology is important; the shape 

changes associated with normal aging are still under debate. 

There is no consensus on whether a mild wedging of the 

vertebral body is the result of a continuous remodeling with 

the advancing age or due to fractures. To be able to 

diagnose morphological changes, the normal should be well 

known [1]. 

Several techniques have been described to quantify 

vertebral deformity. [8, 13-15],Cobb [16] and Ferguson [17] 

have described methods for measuring curvature of the 

spine .Cobb angle measurements give orthopedic surgeons 
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information about spinal deformities and help in treatment 

decision. Generally, the patient needs surgery when the cob 

angle is higher than 40degrees .The Cobb angle is the 

strongest factor in the determination of the severity of 

scoliosis [18].Therefore, the Cobb angle for normal 

subjects needs to be known in order to exclude the diseased 

or any abnormality. 

2. Objectives 

The purpose of this study is to find out the normal cobb 

angle for vertebral end plates from Twelve’s Thoracic 

Vertebra (T12) to Fourth Lumber Vertebra (L4) in order to 

help the surgeon in the surgery decision and to establish 

standard values for Sudanese population and to correlate the 

findings with the age and gender .To our knowledge, no 

study was done for Sudanese in the open literature related to 

the normal vertebral end plates Cobb angles. 

3. Materials and Methods 

The study was done at Soba Hospital, Yastabshiroon 

Medical Centers, Bugaa Specialized Hospital, and Imperial 

Hospital during the period from 2010 November to 2011 

July.  

130 Sudanese patients in both genders (65 males and 65 

females) with different ages were included; all had CT 

examination for spine. All lateral scouts for spine were 

taken, all were diagnosed as normal. Traumatic cases, any 

disease of the vertebral column, spinal canal, Para vertebral 

muscles diseases cases were excluded. 

GE Healthcare CT scanner was used. The exposure 

factors were KVp120, MA10-50. Patients lied on the 

examination table in supine position with feet first and 

hands behind the head and there are bands under his feet 

and another one under his head and the isocenter is in 

xphisternal process then scout views were obtained. 

Measurements were taken by drawing a perpendicular to 

a line drawn across the superior endplate of the upper-end 

of T12,L1,L2,L3,L4 vertebra and the inferior endplate of 

the lower-end of the same vertebra; the angle formed by the 

intersection of the two perpendicular lines is the Cobb 

angle.  

The data were analyzed using SPSS program 

version16.Independent T-test, simple tables including 

frequency and percentages, and p-value for testing the 

results significances of the variables were used; P value is 

significant when < 0.05.  

4. Results 

The following tables and figures presented the results. 

 

 

 

Table 1. shows males results including age classes, mean and standard 

deviation of Cobb angle from T12 to L4. 

   Variation   

Age 

Classes 

T12 L1 L2 L3 L4 

Mean± 

SD 

Mean± 

SD 

Mean± 

SD 

Mean± 

SD 
Mean± SD 

15-24 4.4±3.3 3.6±2.9 2.9±1.8 5.0±2.5 15.4±6.0 

25-34 8.4±4.7 7.3±4.5 6.7±3.2 6.0±6.0 20.3±8.1 

35-44 6.6±4.8 7.1±2.3 3.5±1.3 3.8±3.2 20.0±7.1 

45-54 7.8±2.9 6.9±2.7 4.8±3.6 6.2±4.3 19.8±10.4 

55- 64 6.9±2.8 6.9±2.4 3.8±2.0 3.4±1.8 16.2±4.6 

65-74 7.8±3.6 6.7±3.6 4. 6±2.4 5.8±2.5 19.7±6.7 

Table 2. shows females results including age classes, mean and standard 

deviation of cobb angle from T12 toL4. 

Age 

Classes 

Variation 

T12 L1 L2 L3 L4 

Mean± 

SD 

Mean± 

SD 

Mean± 

SD 

Mean± 

SD 

Mean± 

SD 

15-24 10.0±5.0 9.8±4.7 9.0±3.5 7.8±5.3 5.2±3.4 

25-34 8.5±3.8 9.5±3.7 10.0±3.2 5.7±3.2 5.4±3.2 

35-44 8.4±4.3 9.5±3.6 9.4±3.5 5.9±2.3 4.8±3.6 

45-54 9.9±4.5 11.1±4.4 10.5±3.8 7.0±3.1 6.5±4.5 

55- 64 10.2±6.7 9.3±7.5 9.7±8.0 7.4±8.2 9.0±8.5 

65-74 7.4±.7 9.5±1.1 10.0±3.7 8.2±1.8 4.3±1.1 

Table 3. shows Total sample results including age classes, mean and 

standard deviation, P-Value of Cobb angle from T12 to L4. 

Vertebra 

Level 
Gender N Mean ±STDV 

Sig 

(2tail) 

T12 
Male 65 7.4 3.5 

0.012* 
Female 65 9.2 4.5 

L1 
Male 65 6.6 3.3 

0.000* 
Female 65 9.9 4.5 

L2 
Male 65 4.7 2.9 

0.000* 
Female 65 9.7 4.2 

L3 
Male 65 5.3 3.8 

0.042* 
Female 65 6.8 4.3 

L4 
Male 65 18.8 7.6 

0.000* 
Female 65 5.9 4.6 

*P-value is significant at 0.05. 
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Figure 1. Scatter plot diagramme shows the linear relationship between 

the subject’s age and T12Cobb angle. 

 
Figure 2. Scatter plot diagramme shows the linear relationship between 

the subject’s age and L1Cobb angle. 

 
Figure 3. Scatter plot diagramme shows the linear relationship between 

the subject’s age and L2Cobb angle. 

 
Figure 4. Scatter plot diagramme shows the linear relationship between 

the subject’s age and L3Cobb angle. 

 
Figure 5. Scatter plot diagramme shows the linear relationship between 

the subject’s age and L4Cobb angle. 

5. Discussion 

The aim of this study is to establish normal values as 

reference for vertebral endplate from T12 to L4 in normal 

Sudanese subjects using computerized tomography (CT) as 

well as to correlate the findings with gender and age. 

130 lateral scout CT scans for spine were obtained from 

subjects (65 males and 65 females ),their ages ranged 

from(15-74)years old  and were done using GE Healthcare 

machine with KV120, MA10-50 .Endplates angle from T12 

to L4 were measured using Cobb method for both genders 

and the data were correlated to their ages. 

The ages for males were classified to different 

groups ;the measurements were presented in (table 1)as 

mean values for T12Cobb angle endplate as well as 

L1,L2,L3and L4 for each group of ages, also for females all 

the measurements were done for to each group of 

age .(table 2) 

The Cobb method [19] was one of the first methods for 

the evaluation of sagittal spinal curvature. The use of 

vertebral endplate lines to construct angles on sagittal 

radiographs is often termed the modified Cobb method [20], 

and was used to evaluate cervical lordosis [21], thoracic 

kyphosis and lumbar lordosis [22], and to perform 

segmental angulations analysis [23]. 

As the Cobb method is influenced by the orientation of 

vertebral end plate tilt [24];the mean Cobb angle is smaller 

for male as it is found to be for T12 is (7.4
0
),(6.6

0
) for 

L1,(4.7
0
) forL2, (5.3

0
)forL3,but when measuring the angle 

for L4 it is found to be greater than females.
 

The measurements were done for both males and females, 

there were significant differences between males and 

females Cobb angle for T12,L1,L2,L3 and L4 at p -value 

0.05.The difference between the T12 between males and 

females as p- value is found to be 0.012, L1 is 0.000, L2 is 

0.000, L3is 0.042, and L4 is0.000  

Another reverse study [12] had measured the mean angle 

for T12, L1; they found that the angle was slightly greater 

in men than women at T12 and the converse was true at L1. 

They had mentioned that neither of these was statistically 

significant. They also had mentioned that the normal ranges 
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for both levels and sexes are therefore very similar; their 

findings differ from previously published data in which 

men appear to consistently have a greater degree of 

vertebral wedging than women [25] however our study is 

consistent with the study done by [25] 

The presented figures correlate between the age and the 

Cobb angle from T12 to L4. There were linear relationships, 

as the age increased the angle was decreased except for L4 

it increases.By applying the following equation the L4 

Cobb angle can be estimated: 

L4 Cobb angle =0.14Xage+6.1      Eq:1 

This relationship is for the whole sample including both 

genders .Although wedging in the women is constant 

before menopause; postmenopausal women have an 

increased incidence relative to men of a similar age. The 

difference in the measurements of vertebral wedging in 

different age group reflects that the vertebral morphology 

changed due to age [1] 

The increase in endplate size can also be explained by 

the growth of bone spurs at the vertebral rim, known as 

osteophytes [26]. The vertebral body endplates have shown 

to become more concave with age [27] which is believed to 

be the result of a decreased structural integrity of the mid 

vertebral body.  

The study done by [12] mentioned that the end plate 

angle for T12,L1was found to be (0-9 degrees) and 

readings more than 10 was considered to be out of the 

normal values; but our study showed that the male 

Sudanese subjects may have 18.8 degrees and they were 

diagnosed as normal subjects vertebra. 

The study concluded that the mean Cobb angle end plate 

differs significantly from males and females Sudanese 

subjects and it has relation with age and the values differ 

from what was mentioned previously. 
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