
www.ptkorea.org

Article Info
Received March 17, 2021
Revised April 20, 2021
Accepted April 22, 2021

Corresponding Author
Won-gyu Yoo
E-mail: won7y@inje.ac.kr
https://orcid.org/0000-0001-6200-9674

Key Words
Lumbar stability 
Pevlic anterior tilt 
Spine angle

Background: Flat-back posture refers to a posture in which the pelvis is tilted backward, 
the lumbar spine is bent, the upper thoracic spine is increasingly bent, and the lower thoracic 
spine is straight. Given that most of the day is spent sitting, we need to develop exercise 
programs and devices that are suitable for people who spend less time exercising than sitting.

Objects: This study investigated the effects of resistance footrest exercise on spine posture 
angles in visual display terminal (VDT) workers with flat back.

Methods: We measured the upper lumbar angle (ULA) and lower lumbar angle (LLA) using a 
flexible ruler for the ULA and LLA. Then, after 1 week of resistance footrest exercise designed 
to strengthen the lumbar spine musculature, we measured these angles again. We measured 
each angle three times and then compared measurements from before and after exercise.

Results: There were no significant differences in the ULA following the strengthening exer-
cise, but significant differences were observed in LLA.

Conclusion: The resistance footrest exercise strengthened the muscles affecting the pelvic 
and lumbar lordotic angles, and increases in the LLA were changed. This suggests that the role 
of the lower lumbar spine in the lumbar lordotic curve is greater than that of the upper lumbar 
spine. In addition, considering the contemporary tendency to lead fairly sedentary lives, these 
results indicate that exercising while seated can be effective.
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INTRODUCTION

With the introduction of computers and mobile technology, 

the manner in which many people now perform their profes-

sional work has changed [1]. In 2015, the National Health Sta-

tistics released by the Ministry of Health and Welfare showed 

that Korean men and women spend 8 and 7.6 hours per day 

sitting, respectively. In addition, according to the Ministry of 

Labor and Welfare, China has designated visual display termi-

nal (VDT) syndrome as a business injury and an occupational 

disease since 1994. Musculoskeletal symptoms are common 

among office workers, with a high proportion experienc-

ing symptoms in the spine [2]. The arrangement of the spine 

is closely related to posture, and many previous studies have 

pointed out that the increase in sitting time is one source of 

disruption to the ideal arrangement of the spine and pelvis [3,4].

Compared to a standing position, during sitting, the pelvis is 

tilted backward, and the degree of lumbar lordosis is reduced 

[5,6]. Previous studies have reported that lumbar lordosis is 

reduced by 50%, and pelvic tilt (PT) is increased by 100% when 

participants move from a standing position to an erect sitting 

position [7,8]. Lumbar lordosis, which occurs in normal spinal 

alignment, is effective for maintaining functional motion, re-

ducing the load on the spine, and increasing the efficiency of 

the muscles around the spine; together with the sagittal spinal 

curve, lumbar lordosis plays a role in maintaining an efficient 

upright posture [9]. However, the reduction in lumbar lordosis 

caused by prolonged sitting increases the load on the spine 

and causes abnormal pressure on joints, muscles, ligaments, 

and so on, all of which are related to occupational lower back 

pain [10-13]. Nachemson [14] reported that intradisc pressure 

increased by 40% during sitting compared to that in standing. 

Other previous studies have also reported greater stress on the 

spine when sitting than when standing due to increased lum-

bar flexion, which can lead to disc damage and low back pain 

(LBP) [10,15-17].
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Kendall et al. [18] classified postures into four types ac-

cording to pelvic and spinal alignment: ideal alignment, lor-

dosis–kyphosis posture, curved-back posture, and flat-back 

posture. Flat-back posture refers to a posture in which the 

pelvis is tilted backward, the lumbar spine is bent, the upper 

thoracic spine is increasingly bent, and the lower thoracic 

spine is straight. In addition, the head is forward, the hip and 

knee joints are extended, and the ankle joint is slightly plantar 

flexed. It has been suggested that changes in posture are ac-

companied by changes in muscle length. Thus, in a particular 

posture, part of the musculature is strengthened or shortened, 

and the opposing muscle is weakened or increased.

Theoretically, the lengths of the muscles around the hip and 

the spinal muscles are closely related to pelvic tilting. In par-

ticular, the hip extensor muscles such as the gluteus maximus 

and hamstring cause the pelvis to tilt backward. By contrast, 

the hip flexor muscles, including the iliopsoas, tensor fascia 

latae, and rectus femoris, cause the pelvis to tilt forward. In 

addition, pelvic tilting is strongly correlated with lumbar move-

ment and lumbar angle in a sitting position [19-22]. 

Based on the above theoretical framework, movement to 

correct a flat-back posture should include hip flexor motion 

that enhances pelvic forward tilt and lumbar extension [23]. 

Many exercise methods have been developed and clinically ap-

plied to enhance hip joint flexion in various positions, such as 

a standing position and a supine position. However, to correct 

flat-back posture, effective movement methods or devices that 

strengthen the hip flexor muscles in a seated position are in-

adequate. Although individually focused interventions such as 

sit–stand workstations are very popular, they are considerably 

more expensive than standard workstations, so their deploy-

ment may not be feasible in many workplaces, particularly in 

small offices or resource-constrained settings [24]. Given that 

most of the day is spent sitting, we need to develop exercise 

programs and devices that are suitable for people who spend 

less time exercising than sitting. Therefore, in this study, we 

investigated the effects of resistance footrest exercise on upper 

and lower lumbar angles in VDT workers with flat back.

MATERIALS AND METHODS 

1. Participants

The subjects in this study were 12 VDT workers with flat back 

(3 men and 9 women) in their 20s who were enrolled in Gim-

hae city. The distance from the T10 spinous process to the S2 

spinous process in a straight standing position was measured in 

each subject using a 30 cm long flexible ruler. Those whose the 

sum of upper lumbar angle (ULA) (T10–L3) and lower lumbar 

angle (LLA) (L3–S2) was <20° were eligible for inclusion [25,26]. 

After the subjects fully understood the experimental method 

and purpose, they completed the consent form for participation 

in the experiment. Selection criteria were no record of surgery 

or injury to that lumbar and pelvic complex, no musculoskeletal 

or neurological diseases, and no scoliosis. The general charac-

teristics of the subjects are shown in Table 1. Ethics approval 

was granted by Inje University Ethics Committee for Human 

Investigations, and written informed consent was obtained from 

all participants.

2. Equipment

1) Flexible ruler and protractor

A flexible ruler was used to measure the angle of the lumbar 

spine. To confirm the accuracy of the ruler, radiographs from 

10 participants were considered, the lumbar lordosis angle 

was measured again with the flexible ruler, and then the two 

measurement results were compared. To visualize the lumbar 

lordosis angle measured using the flexible ruler, we used a 

protractor. This was considered evidence of validity [25]. To 

achieve natural curvature of the spine, the subjects stood in a 

comfortable position with their feet shoulder-width apart and 

their eyes facing forward; the angle of the lumbar spine was 

measured three times.

2) Resistance footrest

Subjects sat in a chair, leaning against the back. The sit-

down resistance exercises foot support was used for the pur-

pose of inducing pelvic anterior tilting and lumbar lordosis. 

While sitting, place your feet on the small wobble board and 

open your knees while sliding the board forward. In this time, 

the small wobble board provides an unstable support surface, 

and the thera-band attached to the back of the board resists 

forward movement of the foot. The small wobble board also 

Table 1.Table 1. General characteristics of the subject (N = 12)

General characteristics Average ± standard deviation

Age (y) 22.5 ± 0.9
Height (cm) 167.2 ± 3.2
Weight (kg) 66.2 ± 5.0
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has a horizontal meter, so it is designed to give visual feedback. 

3. Experimental Procedure

1) Flexible ruler and protractor measurement

Lumbar curve was measured on the skin surface between 

T10 and S2. The ULA was measured using a protractor. When 

measuring the LLA, L3, which is the midpoint between T10 and 

S2, is considered the reference point [26]. Therefore, the first 

step of the examination was to measure the spinous processes 

of T10, L3, and S2 with the subject in a standing position. The 

location of the T10 spinous process, where the spine is con-

nected to the 12th rib on both sides, is the midpoint [27]. The 

experimenter first located the highest point on both iliac crests 

by palpation and then located the midpoint between them, 

which is the L3 spinous process [28], and the bulge above this, 

which is the L3 spinous process. The S2 spinous process cor-

responds to the midpoint of the posterior superior iliac spine 

[29]. Yellow adhesive tape was attached to the three contacts 

points, and the edge of the flexible ruler was placed along the 

spinal curve.

In the second step, the 0 cm mark on the ruler was placed at 

T10, and then the ruler was positioned along the other points. 

The locations of the markers along the ruler were recorded. 

Then the experimenter moved the ruler onto blank paper 

without changing its shape and fixed it there, and another 

experimenter traced the ruler’s outline. Next, the ruler was 

moved, without altering its shape, to align the L3 point of the 

curve with the 0-degree point on the protractor. Following the 

same procedure, the lumbar lordosis angle was measured three 

times on both sides based on T10 and S2. The angle recorded 

from the left side was used as the ULA, and that from the right 

side was the LA. The average ULA and LLA, as well as the 

standard deviations, were calculated; finally, the average value 

of the sum of ULA and LLA was calculated [25,26]. The same 

method was used to calculate results before and after exercise.

2) Resistance footrest exercise

Before movement, the angle between T10 and S2 was mea-

sured as described above. Then, participants sat in a chair with 

their back against the backrest. In this position, one foot was 

placed on the resistance footrest exercise apparatus, and the 

knee flexion/extension exercise was repeated for 15 minutes. 

Each foot was subjected to a 15-minute set of concentric con-

tractions, for a total of 1 hour per day for 7 consecutive days. 

4. Analysis 

Data were analyzed using SPSS 18.0 for Windows (IBM Co., 

Armonk, NY, USA). To compare ULA, LLA before and after 

exercise, validation was performed using the appropriate Wil-

coxon test. The significance level was set at p < 0.05.

RESULTS

The average angles before and after sitting exercises were 

compared. Increases in the ULA was not significant. However, 

the increase in the LLA angle was significant (Table 2).

DISCUSSION

Contemporary society has been described as an automated 

and mechanized society, and growing numbers of workers 

move very little, with many leading repetitive daily live [30]. 

Sitting for a long period of time causes the pelvis to tilt back-

ward, increasing the curvature of the lumbar spine and caus-

ing flat back and other postural problems. It can also cause a 

range of health problems, including poor spinal alignment, in-

creased blood pressure, shoulder and lower back pain, and so 

on [31-36]. In this study, we identified the effects of resistance 

footrest exercise on subjects with flat-back, and verified the 

efficacy and effectiveness of foot pedals for such exercise.

Assessment of the lumbar lordosis angle before and after the 

exercise intervention showed no significant change in ULA but 

a significant increase in LLA after exercise. In one study, L1–

L2 contributed to lumbar kyphosis, but the greatest lordosis of 

7.3° was observed from L3 to L5 [37]. Another reported lordo-

sis percentages per segment of 5% at L1, 10% at L2–3, 18% at 

L3–4, 28% at L4–5, and 39% at L5–S1 [38]. The results of these 

two studies indicate that LLA predominates the lumbar lordosis 

angle. Our results are in line with these findings.

This is in contrast to Yoo [23], who conducted a 2-week in-

tensive (30 reps × 3 sets per day) exercise program targeting 

the erector spinae, iliopsoas, and rectus femoris in patients 

with LBP and flat-back posture. That study reported an in-

Table 2.Table 2. Comparison of lumbar angles before and after exercise (N = 12)

Classification Before exercise After exercise p-value

Upper lumbar angle (°) 9.3 ± 1.6 11.5 ± 2.6 0.25
Lower lumbar angle (°) 8.5 ± 1.8 11.8 ± 2.0 0.01*

*p < 0.05.
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crease in 5° and 6° in the forward inclination of the left and 

right pelvis, respectively; it used an exercise intervention that 

only strengthened the rectus femoris, which may explain the 

differences. Kendall et al. [18] reported a tendency toward so-

leus muscle shortening in patients with reduced flat back or 

lumbar lordosis. Excessive soleus shortening reportedly causes 

the pelvis to tilt backward, thus reducing the lumbar lordosis 

angle. Therefore, exercise intervention programs for patients 

with flat back should strengthen the hip flexor group includ-

ing the rectus femoris, with simultaneous stretching exercises 

for the soleus muscle [23]. However, the current study applied 

an intervention plan that only strengthened the rectus femoris, 

which may have limited the increase in pelvic anteversion.

In addition, exercise in the sitting position was also consid-

ered a possible factor in the absence of significant differences. 

Lumbar muscle activation is reduced with prolonged sitting [38]. 

In addition, a standing position can elicit the greatest segmen-

tal extension [39]. In a standing position, shortening of the hip 

flexors (iliopsoas, tensor fascia latae, rectus femoris) causes 

the pelvis to tilt forward, increasing the lumbar lordotic angle. 

However, in a seated position, the hip joint is flexed, which 

causes the hip flexor to relax, thereby reducing the effects of 

the hip flexors on lumbar lordosis [13,18]. Biomechanically, in 

a sitting position, the anterior lumbar column of the vertebra 

(i.e., the discs) receives greater compressive stress at the lum-

bosacral junction, whereas in a standing position, the posterior 

column (i.e., the facet joints) receives greater lordotic stress 

[9]. The fact that the hip flexors have different effects on PT in 

standing and sitting positions may have contributed to the ab-

sence of significant changes in PT after exercise in this study. 

At the same time, it is reasonable to assume that most people 

who work for a long time in a sitting position do not con-

sciously adopt a slumped position. One of the problems with 

that position is that compared to most other situations, the 

muscles do not need to contract to achieve a sense of relax-

ation [40], although this position undoubtedly has the potential 

to cause health problems.

In the current study, although both men and women were 

included, possible differences between the genders were not 

analyzed. According to relevant previous studies, hip external 

rotation is greater in men than in women, and internal rotation 

is greater in women than in men [41]. In addition, men exhibit 

more lumbar flexion and less hip flexion than women during 

prolonged sitting. Furthermore, men display greater end-range 

lumbar flexion than women during both slumped sitting and 

forward bending [42]. Therefore, further studies may need to 

select more man and woman patients to analyze the role of 

gender in lumbar stability exercises.

In addition, some previous studies have shown that pel-

vic mobility is greater in a sitting than in a standing posture. 

Moreover, maximum pelvic anteversion angle and pelvic range 

of motion are greatly affected by age, likely because pelvic 

mobility may be directly affected by changes in lumbar mobil-

ity due to age [8,43,44]. In a study of middle-aged and old men 

and women, Zhou et al. [45] found that LLA was reduced by 

40% when an upright sitting position was changed to a relaxed 

sitting position. By contrast, Hey et al. [46] showed that in 

young people it may be reduced by 80%. The older individuals’ 

spines still maintained an S-shaped curve in the natural sitting 

position, which differed from the C-shaped curve observed in 

young adults. This finding might be due to poor lumbosacral 

mobility and degeneration of the posterior ligaments and mus-

cle complex in older adults. Therefore, in the future, not only 

the influence of gender but also differences among age groups 

must be considered in determining whether intensive exercise 

training of the hip flexor muscles is beneficial for all workers, 

including men and women of varying ages who need to sit for 

prolonged periods.

In this study, the hip flexor muscles were strengthened using 

a resistance foot exercise (lumbar spine stability strengthening 

device), and the results showed that this might be effective for 

increasing the lumbar lordosis angle and preventing flat back. 

Especially considering the characteristics of today’s lifestyles, 

which often require prolonged sitting, it would be advanta-

geous to perform various tasks while sitting and be able to 

exercise at the same time. This study had several limitations. 

First, we included only 12 subjects thus it is difficult to obtain 

generalize experimental results. Second, the duration of ex-

ercise intervention was just 7 consecutive days at 30 minutes 

per day. The time for muscle strength training is short. Third, 

due to the nature of Thera-Band, the precise level of resistance 

could not be quantified. Future studies will require exercise in-

terventions that compensate for these limitations.

CONCLUSIONS 

The effects of resistance footrest exercise on subjects with 

a flat lumbar spine were compared. When using sitting trunk 
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stability and hip flexor resistance exercises for the purpose of 

inducing pelvic anterior tilting and lumbar lordosis, resulted in 

a significant increase in LLA. 
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