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Abstract 
 

In this study, we present the difference in thoracic reposition sense in young people (24.00 ±2.20 years 

old) with and without habitual slouched posture in two target positions of half flexion and half extension. 

People with habitual slouched posture (n = 20; 11 men and 9 women) and people without slouched posture 

(n = 20; 10 men and 10 women) were recruited from three universities. Thoracic spine (T-spine) 

repositioning errors were measured in two target positions (half flexion and half extension). People with 

habitual slouched posture showed significantly higher thoracic repositioning error in the extension target 

position than did people without slouched posture (P<0.05). There was no difference in repositioning error 

in the flexion target position between the two groups (P>0.05). In conclusion, people with habitual slouched 

posture show lower T-spine repositioning sense in extension than do people without slouched posture. A 

rehabilitation program to treat habitual slouched posture, such as postural correction education, should be 

implemented for individuals with decreased position sense of the T-spine. 
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1. Introduction 
 

T-spine pain, which is pain experienced in the region of the upper back or middle back between the boundaries 

of T-spine 1 and T-spine 12, has received less attention in terms of research and review than have cervical and 

lumbar spine pain [1, 2]. Mechanical thoracic pain is usually the result of cumulative microtrauma caused by 

abnormalities in posture and movement patterns [3, 4]. Sahrmann (2002) suggested that repeated movements 

and sustained postures can lead to adaptations in muscle length, strength, and stiffness; in turn, these 

adaptations may result in movement impairments. Habitual slouched posture is associated with movements 

and postures that increase the flexion curvature not only the lumbar spine but the thoracic spine, commonly 

resulting in alignment impairment of thoracic kyphosis and posterior trunk sway [5-7]. Excessive and sustained 

thoracic flexion leads to lengthening of the thoracic paraspinal muscles and biomechanical stress that can cause 

musculoskeletal pain in the T-spine region [8-10]. People who maintain prolonged thoracic flexion may have 

pain or difficultly when attempting to decrease the thoracic curve and are usually unable to correct their 

alignment [6]. High degrees of thoracic flexion can increase thoracolumbar disc loading, flexion moment, 
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compression, and shear force and is associated with head posture and compensatory changes in the more 

mobile lumbar and cervical regions [4, 11-13]. 

To correct habitual slouched posture, the patient should actively revise the alignment and maintain this 

correction within the optimal range of motion while avoiding excessive flexion during all activities and 

exercise. Postural control requires a complex interaction of the musculoskeletal and neuromuscular systems. 

However, lengthened paraspinal muscles due to a prolonged flexed posture should slacken and unload the 

spindle, decreasing resting spindle discharge on the return to an intermediate reposition and altering velocity 

sensitivity [14-17, 18]. Although the T-spine has a greater flexion moment than the lumbar spine [19], most 

research has only investigated whether prolonged flexion of the lumbar spine affects postural control and alters 

muscle response; there is no information on whether excessive and habitual thoracic flexion is associated with 

muscle and ligament laxity or with a poor postural control mechanism.  

Therefore, the primary aim of the present study was to compare the thoracic reposition sense of people with 

and without habitual slouched posture during thoracic half-flexion and half-extension tasks to understand how 

habitual trunk hyperflexion affects proprioception of the T-spine in the sagittal plane. Investigating changes in 

proprioception in individuals with habitual slouched posture will provide beneficial information to clinicians 

in terms of designing and implementing treatment protocols. 

 

2. Experimental Methods 
 

2.1 Participants 

As shown in Table 1, twenty people with habitual slouched posture and 20 healthy people were selected from 

among 250 young people in three universities in South Korea. Twenty age- and sex-matched participants with 

mean kyphotic angle were selected as the control group. These participants reported no instance of low back 

or thoracic pain within the last year or musculoskeletal disorders that would limit normal thoracic flexion.  

 

Table 1. Characteristics of the study sample 

Characteristics Experimental group (n = 20) Control group (n = 20) p 

Men 11 10  

Women 9 10  

Age (years) 24.00 (±2.20) 24.00 (±2.20) .89 

Height (cm) 171.00 (±8.50) 171.00 (±6.20) .90 

Weight (kg) 66.20 (±13.69) 59.60 (±8.62) .08 

BMI (kg/m2) 22.43 (±2.61) 20.39 (±1.62) .01* 

                                                                                                                              *p < 0.05 

 

2.2 Apparatus and Experimental Procedure 

2.2.1 Clinical Evaluation of Habitual Slouched Posture 

A dual inclinometer (JTECH Medical, Suite G Salt Lake City, UT, USA) was used to measure the T-spine 

angle. The spinous processes of T-spine 1 and T-spine 12 were used as landmarks [20]. The thoracic kyphosis 

angles were obtained in four conditions: sitting, standing at attention, standing with shoulders in full flexion, 

and the quadruped position [5]. A general goniometer was used to measure the infrasternal angle, which is the 

angle between the seventh costal cartilages in the supine position. 
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2.2.2. T-spine Reposition Tests 

As shown in Figure 1, all subjects performed the same test for assessment of thoracic repositioning acuity: 

the hips and knees were positioned at 90°, both forearms were crossed over the chest, and the feet were 

positioned 20 cm apart [21]. To measure the thoracic movement, a flexible electrogoniometer (FEG) (BIOPAC 

Systems, Inc., Santa Barbara, CA, USA) was used. After zeroing, the FEG end blocks were secured 12 cm 

above and below the T6–T7 interspinous space with double-sided self-adhesive tape [22]. T-spine movement 

data were recorded by MP150WSW (BIOPAC Systems, Inc., Santa Barbara, CA, USA) and analyzed at a 

frequency of 100 Hz using Acqknowledge 4.1 software.  

 

 

Figure 1. Measurements of the degree of movement. Tneu (a), Tflex (b), and Text (c). 
 

After the subjects were asked to stand up and sit down twice, the last sitting posture was recorded as a neutral 

sitting posture, and the angle was defined as a neutral thoracic angle (Tneu) [21]. The subjects were asked to 

repeat each maximal thoracic flexion (Tflex) and extension (Text) twice based on their abilities, and the thoracic 

angle was measured in each position. The mean T-spine angles in flexion and extension were designated Tflex 

and Text. The target angles for the repositioning were set at half flexion (TPflex) on the way toward Tflex from 

Tneu in equation (1) and at half extension (TPext) on the way toward Text from Tneu in equation (2). 

 

                            TPflex = Tneu + 1/2 × (Tflex – Tneu)                                 (1) 

TPext = Tneu – 1/2 × (Tneu – Text)                                      (2) 

 

During the single trial to measure the reposition sense of the thoracic spine, subjects had to perform a 

standardized thoracic flexion–extension movement in three phases: examiner’s guide phase (the examiner 

guided the subject to the target position and he/she had to memorize the position for 2 s), neutral phase (the 

subject was instructed on Tneu), and repositioning phase (the subject had to return to the target position as 

closely as possible, at which point he/she gave a verbal signal indicating “yes” and held the position for 2 s). 

This position was indicated as the matching position (MP). After the six practice trials to familiarize, 10 

assessment trials were performed in each TP with no verbal or visual feedback during this session. To eliminate 

order effects, the TPflex and TPext tests were performed in random order, and subjects were asked to rest for 5 

min before performing the next reposition sense protocol.  

 

2.3. Data Analysis 

Reposition sense error was defined as the absolute error that was defined as the absolute value of the 

difference (in degrees) between the target thoracic angle (TPi) and the actual thoracic angle reproduced by the 

subjects (MPi) in equation (3). 

Absolute error = ∑ |TPi − MPi|10
1                                        (3) 
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An unpaired t-test was used to compare the thoracic kyphosis angles in the four positions, the infrasternal 

angle in the supine position, and the absolute errors in each TPflex and TPext task in the group with habitual 

slouched posture and the control group. Analyses were undertaken using the Statistical Package for the Social 

Sciences (SPSS version 23), and a p-value of <0.05 was deemed statistically significant.  

 

3. Results 

 

3.1 Clinical Evaluation of Habitual Slouched Posture 

Compared with the control group, subjects with habitual slouched posture had significantly higher kyphotic 

angles in sitting posture (32.85° ± 5.86° vs. 23.60° ± 6.03°, p < 0.001). The subjects with habitual slouched 

posture had significantly higher kyphotic angles in the standing-at-attention posture (44.30° ± 4.85° vs. 30.00° 

± 4.80°, p < 0.001), standing with shoulders in flexion (31.30° ± 7.34° vs. 21.00° ± 7.10°, p < 0.001), and the 

quadruped posture (32.05° ± 11.01° vs. 20.10° ± 11.59°, p < 0.001). Furthermore, the infrasternal angle was 

significantly higher (p = 0.036) in subjects with habitual slouched posture (90.45° ± 10.37°) than that in the 

control group (84.00° ± 8.32°). 

 

3.2 Comparison of Thoracic Reposition Sense in Subjects with and without Habitual Slouched Posture 

As shown in Figure 2, the thoracic reposition sense error in the habitual slouched posture group was 

significantly higher than that in the control group in TPext (18.98° ± 13.06°, 11.11° ± 5.72°; p = 0.02), but 

there was no difference in TPflex between the two groups (12.43° ± 5.03°, 12.35° ± 8.8°; p = 0.97). 

 

 

Figure 2. Thoracic reposition error in individuals with and without habitual slouched 

posture during TPflex and TPext tasks (*p < 0.05). 

 

4. Discussion 
 

The purposes of the current study were to measure the T-spine angle in the various position and infrasternal 

angle of people with habitual slouched posture and to examine differences in the reposition sense of the T-

spine between groups during T-spine flexion and extension tasks. The results of this study showed that 

compared with the control group, the thoracic kyphotic angle of the habitual slouched posture group was 

significantly higher not only sitting but also standing at attention, standing with shoulders flexed, and the 

quadruped position (p < 0.001) besides the infrasternal angle was higher in the this group (p = 0.036). 

Additionally, the habitual slouched posture group showed significantly higher T-spine reposition error than 

the control group in the thoracic extension task; however, there was no difference in the thoracic flexion task 

between the two groups.  

Many researchers consider the thoracic flexion posture, to be particularly associated with various 
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musculoskeletal syndromes [6, 13, 23]. Our results support that an increased flexion angle while standing and 

sitting in the habitual flexed posture group had an impact on most daily activities, with the exception of 

sleeping. Increased thoracic flexion not only causes pain or movement impairment syndrome in the thoracic 

and lumbar spine area but is also associated with a forward head posture [13, 24], osteoporotic compression 

fracture of the spine [3]. Habitual flexed posture potentially has a high risk for the development of these 

musculoskeletal diseases. Therefore, correction of alignment and movement from a flexed posture to the 

normal range is essential in this people. However, the habitual flexed posture group showed significantly 

decreased T-spine position sense, especially in the extension direction. Although the cause of reduced 

reposition sense in the T-spine has not been previously studied, some conclusions can be drawn based on 

studies of the lumbar spine or thoracolumbar area. First, history-dependent kinesthetics may affect 

proprioception. A lengthening history unloose intrafusal fiber, viscous component by increasing 

interfilamentary distance, so thixotropic change and affects to γ-motor neuron derive to reduce muscle spindle 

excitability [17-18, 25]. Additionally, prolonged or repetitive thoracic flexion influences intervertebral 

ligament laxity because of tissue creep and stress–relaxation effects, affects large mechanoreceptors, and 

changes the reflex response [24]. As the lengthening history is prolonged, lumbar spine repositioning accuracy 

is reduced [16]. A prolonged or repetitive thoracic flexion position during day-to-day activity lengthens the 

posterior viscous structures in people with slouched position, and sensitivity to repositioning following a 

prolonged lengthening history is diminished in the thoracic spine. However, in this study, there was a 

significant difference in the reposition error in the direction of the flexion target position because a flexed the 

T-spine does not influence the lengthening or stretching of the anterior structures of thoracic spine, such as 

muscles and ligaments.  

In this study, people with slouched position has wide subcostal margin. It may be present shortened rectus 

abdominal muscle and lengthened external oblique muscle, so poor abdominal control would be observed that 

increased recruitment of rectus abdominal muscle over the external oblique muscle [9]. The thoracic flexion 

posture is closely associated with alignment and direction of movement correction in this people. Sahrmann 

discussed directional susceptibility to movement (DSM) with reference to movement system balance [5]. DSM 

is a compensatory movement in a specific direction or a stress applied in a specific direction that is related to 

the site of pain and causes movement impairment syndromes [5]. According to this theory, the more a flexed 

position of the spine is repeated or prolonged over time, the more thoracic kyphosis is increased, leaving 

flexion-affected individuals in a vicious circle.  

The slouched position associated with sitting during office work, studying, and computing is increased in 

young people. Early diagnosis and later postural correction education are necessary in such cases. Our findings 

suggest the utility of these simple clinical evaluation methods and criteria for habitual flexed posture. 

Additionally, postural correction education requires special care to prevent compensation, such as increased 

lumbar lordosis, because people with habitual flexed posture in this study had lower proprioception than did 

the control group in the T-spine in extension. A limitation of this study is that there were no radiological data 

to determine the difference in the thoracic kyphotic angle between the habitual flexed posture and control 

group. Although the use of a dual inclinometer is a reliable and valid technique [19, 26], the Cobb or modified 

Cobb method is the gold standard for measuring thoracic kyphosis. 

 

5. Conclusion 
 

In the present study, we found that people with habitual flexed posture who had increased thoracic kyphotic 

angle and infrasternal angle had a diminished reposition sense in the extension, but not in the flexion, direction. 
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This would make the task of extending the trunk from a slouching position an exceedingly difficult one. As 

the flexion position of the T-spine is repeated or prolonged, it could enter a vicious circle of more increased 

thoracic kyphosis. Variations in the thoracic flexion posture are associated with compensatory changes in the 

head posture and lumbar spine. Consequently, it could reinforce musculoskeletal disorders not only of the T-

spine but also of the lumbar and cervical spine and shoulder complex. New methods or studies, such as 

controlled exercise, taping, and the use of monitoring equipment, will allow for the correction of habitual or 

functional thoracic flexion posture. Future studies using radiological data for recruitment of participants will 

be needed. 
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