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Background: It is acknowledged that 84% of cases of pain are related to the spine. In one instance, low back 

pain is reduced by the spinal adjustment technique, which is predicated on exerting external stresses on the 

shoulder and pelvis to twist the human spine. A deeper comprehension of the biomechanical behaviour of 

the typical lumbar spine in each lower trunk rotational position will yield important information that can be 

translated into improved physical treatment line.  

Objective of study: The objective of this study was to utilize MRI to find how different lower trunk twisting 

positions influenced the extent of lower lumbar spine lateral flexion.   

Materials and Methods: Sagittal T2 weighted Magnetic resonance images of fifteen males with healthy 

spine structures were collected in order to evaluate the consequences of right and left lumbar spine rotations 

on the extent of lateral flexion of their lower backs. The extent of the lateral flexion at each contiguous lower 

lumbar vertebrae was measured manually by using image J software.  

Results: In proportion to the lower lumbar twisting positions, the extent of lateral flexion at the last three 

lumbar levels increased. At all twisting positions, the lateral flexion degree was greatest at fourth- fifth 

lumbar level.  The mean differences of lateral flexion angle were significant only in the left twisting position 

at the fourth and fifth lumbar levels.  

Conclusion: The extent of lateral flexion at all lower lumbar segments grew in synchrony with the lower 

lumbar twisting positions. fourth–fifth lumbar level had the largest lateral flexion angle. But only in the left 

rotational position did the effect become noticeable. Consequently, this level may be the primary target of 

manipulative therapy during treatment. 

This is an open-access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/) 
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1. Introduction 

The spinal unit consists of vertebrae that connect through levers, pivots, ligaments, and muscles. Vertebral regions of the human spine have 

been shown to work together to maintain the body balanced. Vertebral motion involves turning around an axis and moving along one of the 

cardinal planes. Spinal rotation occurs when opposing forces act on different bones, generating a force combination. In turn, torque which is 

defined as the overall force that causes rotation can be combined with side bending (coupled motion), except in the atlanto-axial joint. Therefore, 

side bending is always a part of rotation process. Accordingly, each vertebra has six degrees of freedom due to their capacity to rotate and 

translate along an axis. So, spinal disorders are often linked to impaired vertebral mobility [1-5].  

It is acknowledged that 84% of cases of pain correspond to the spine. Patients with back pain will therefore seek medical assistance. In the UK, 

the total projected direct healthcare expenses associated with back pain in 2008 were 2.1 billion pounds. Furthermore, it has been stated that 50 

million underwent manipulation therapy each year by patients with back discomfort. In fact, the principle of spinal manipulation is accomplished 

by using twisting forces to reduce lumbago by minimizing disc bulging and releasing adhesions surrounding the prolapsed disc or facet joint 

[6-11].  

Therefore, a deeper comprehension of the impact of lumbar twisting will offer insightful knowledge that will help shape future developments 

in physiotherapy. Moreover, the mechanical consequences of spine rotation will cause varying degrees of lateral bending at different 

intervertebral levels [12-16].          
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As a result, numerous techniques were employed to assess the extent of lateral bending. Nevertheless, some of these studies employed 

measurement techniques that exposed the participants to a risk of radiation exposure, while others employed techniques that were inaccurate. 

The extent of lateral flexion at each contiguous lower lumbar spinal level was assessed in this study using a riskless and highly reliable method 

based on a certain saturated pixel percentage with a predetermined magnification factor [17-23]. 

2. Materials and Methods 

Sagittal T2 weighted Magnetic resonance images of fifteen males with healthy spine structures were collected in order to evaluate the 

consequences of right and left lumbar spine rotations on the extent of lateral flexion of their lower backs. The extent of the lateral flexion at 

each contiguous lower lumbar vertebrae was measured manually by using image J software and choosing the mid-sagittal magnetic resonance 

images to applying a saturated pixel percentage of 70 with a magnification power of 300%.  

The extent of the lateral flexion angle was measured as the angle between two lines, one of which was fixed and parallel to the inferior endplate 

of the superior vertebra, and the other was parallel to the superior endplate of the inferior vertebra, as illustrated in Fig 1. This method was 

based on the landmarks introduced [15]. 

 

Fig. 1. The measurements of the extent of lateral flexion at last three lower lumbar vertebrae during different lower lumbar spine positions 

(A) and (B) 

The statistical analysis has been done by using SPSS (version 23, IBM Corp.). The mean and the standard error were calculated. After 

examination the normal distribution by using Shapiro–Wilk test. The mean differences and P-values of lateral flexion degrees at neutral, right, 

and left twisting of the last three lumbar vertebrae were assessed using the A paired Student's t-test. 

3. Results 

Using mid-sagittal MRI scans, the extent of lateral flexion of each two adjacent lower segments of the lumbar spine was measured during three 

various position (neutral and two twisting positions). Table 1 presents the mean of the computed parameters along with their mean standard 

errors and mean differences at the neutral position (N) and two twisting positions. 

Table 1. The degree to which the last three lumbar levels stretch laterally in both the neutral, right and left twisting positions 

Intervertebral level 

  

Lateral flexion degree Mean difference  

(Mean± standard error) Intra class correlation 

coefficient  

Third –fourth lumbar level during neutral position 6.7±.3 .98(.95-.99) -.9(increased)  

Third –fourth lumbar level during right twisting 

without using MRI holder 

7.6±.3 .98(.94-.99) 

Third –fourth lumbar level during neutral position 6±.4 .99(.97-1) -1.5(increased) 

Third –fourth lumbar level during right twisting 

with using MRI holder 

7.5±.5 .99(.97-1) 

Third –fourth lumbar level during neutral position 5.8± .6  .99(.98-1) -2.5 (increased) 

Third –fourth lumbar level during left twisting with 

using MRI holder 

8.3± .6 .99(.97-1) 

Fourth- fifth lumbar level during neutral position 8.6±.2 .98(.95-.99) -2.1 (increased) 

Fourth-fifth lumbar level during right twisting 

without using MRI holder 

10.7±.3 .99(.97-.99) 
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Fourth- fifth lumbar level during neutral position 8.7±.4 .99(.97-1) -2.5 (increased) 

Fourth-fifth lumbar level during right twisting with 

using MRI holder 

11.2±.5 .99(.97-1) 

Fourth- fifth lumbar level during neutral position 8.6± .4 .98(.94-.99) -2.9 (increased) 

Fourth-fifth lumbar level during left twisting with 

using MRI holder 

11.5± 1 .99(.99-1) 

Fifth lumbar - first sacral level during neutral 

position 

15.7±.6 .99(.99-1) .3(increased) 

Fifth lumbar – first sacral level during right 

twisting without using MRI holder 

16±.8 .97(.90-.99) 

Fifth lumbar - first sacral level during neutral 

position 

17.5±1 .99(.99-1) -1.3(increased) 

Fifth lumbar – first sacral level during right 

twisting with using MRI holder 

18.8±1 .99(.99-1) 

Fifth lumbar - first sacral level during neutral 

position 

14.6± 1 .99(.99-1) -2.2(increased) 

Fifth lumbar – first sacral level during left twisting 

with using MRI holder 

16.8± 1 .99(.99-1) 

 

A paired t-test was used to measure the P-values and mean differences of the lateral flexion measurements. Depending on the applied twisting 

forces, the lateral flexion degree of each two adjacent last three lumbar vertebrae increased. At all twisting positions, the lateral flexion angle 

was greatest between the fourth and fifth vertebral level. However, as Fig. 2 illustrates, the mean differential values were only determined to be 

significant (p ˂0.005) for the left twisting position. 

 

Fig. 2. The degree of the lateral flexion (LBA) during two different twisting positions (right and left) in the first, second and third groups 

compared with neutral position (N) 

4. Discussion  

In the present study, a modified method was used to measure the extent of the lateral bending at the last three lumbar spine vertebrae during 

rotation. Image J was used as an effective method for measuring the angle of lateral flexion by using mid -sagittal MRI scans. In proportion to 

the lower lumbar twisting positions, the extent of lateral flexion at the last three lumbar levels increased. At all twisting positions, the lateral 

flexion degree was greatest at fourth- fifth lumbar level.  The mean differences of lateral flexion angle were significant only in the left twisting 

position at the fourth and fifth lumbar levels. 

Demonstrated [24] that the prolapsed disc develops in the mid-disc plane when the spinal components are simultaneously compressed and 

flexed laterally, which could account for these findings. The concave side of the lateral flexion is where this disc bulge is most noticeable, both 

laterally and postero-laterally. Also [13] were disagree with these findings. However, Pearcy and Tibrewal study indicating that the lateral 

flexion at the first three lumbar levels was approximately ten degrees, nevertheless the lateral flexion between the fourth-fifth lumbar level and 

fifth lumbar vertebrae-first sacral vertebrae was six and three degrees, respectively. In contrast [14] indicated that the primary lateral flexion 

increased from three degrees at T12-L1 to 4.9 degrees at L4-L5, while reduced to 3.4 degrees at L5-S1. The conclusion of [13] could explain 

these different observations, which indicated that there was no simple mechanical coupling of the spine rotations and the coordination between 

the shapes of the lumbar lordosis together with muscular actions are the main determining factors that may explain the relationship between the 

primary and accompanying rotations. However, the degree of the lateral flexion could be influenced by the orientation of the articular facets of 

the lumbar segments. These results were in agreement with [25] who observed that the articular facets of the human spine lack a uniform shape 

and orientation.     
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In turn [26] stated that there are two facet joints in each vertebral level of the spine, extending from the cervical to the lumbar region. 

Accordingly, the articular spine facet could interfere with extent of the lateral flexion of the whole spine. Moreover, the mechanical impact of 

the lumbar facets on the intervertebral disc function plays an important role in the different movement of the whole trunk. In other words, the 

difference between the orientation angle of the right and left superior articular facets can control the applied load on the disc by applying the 

required opening distance of the facet according to each involved lumbar segment. According to [7] the disc contains annulus which surrounds 

the nucleus pulposus and possesses two functions: distributing and transferring compressive loads across vertebrae and promoting joint 

movement. So, annulus fibrosis and nucleus pulposus are structures provide nourishment to the intervertebral disc and can deflect under axial 

loads between the disc and the vertebral body. However [27] and [28] observations might explain the mechanical relationship between the 

following structures: the different orientations of the articular facets, the intervertebral discs and the axis of rotation of the vertebral body. The 

limitation of the current study was the small sample size, which may not reflect the normal population.           

5. Conclusion 

With the use of mid-sagittal MRI scans, the lateral flexion angle of each of the two consecutive lower lumbar vertebrae was determined for the 

three position (neutral and two twisting positions). The extent of lateral flexion at all lower lumbar segments grew in synchrony with the lower 

lumbar twisting positions. fourth–fifth lumbar level had the largest lateral flexion angle. But only in the left rotational position did the effect 

become noticeable. Consequently, this level may be the primary target of manipulative therapy during treatment.  
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Nomenclature & Symbols   

MRI Magnetic resonance imaging SPSS Statistical Package for the Social Sciences 

LBA  The degree of the lateral bending MD Mean difference 

N 

RR 

LR 

G1(LBAN) 

Neutral position 

Right rotation 

Left rotation 

Group1(lateral bending angle at neutral   

position)  

SD 

SE 

ICC 

G2(LBAN) 

 

Standard Deviation 

Standard Error  

Intra class correlation coefficient  

Group 2 (lateral bending angle at neutral 

position) 
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