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Introduction  
 
Prolonged sitting and altered lumbar lordosis may 
be risk factors for low back pain (LBP) (1-4). Al-
tered spine curvature is related to high mechani-
cal loading and a forward bending posture, while 
sitting increases the pressure in the nucleus 
pulpous more than a straightened back (5, 6). A 
sitting posture with a flexed spine results in more 

lost fluid from the nucleus pulpous than an erect 
posture, which may contribute to insufficient nu-
trition of the lumbar discs (7). Hyper-lordosis 
during sitting induced consistently increased acti-
vation of the back extensor muscles and exces-
sive compressive pressure in the facet joints of 
the spine (8, 9). Consequently, to adopt a lumbar 

Abstract 
Background: A slouched lumbar posture during sitting is risk factor for the low back pain (LBP). Various 
chairs have been used to maintain sagittal lumbar lordosis and sacral alignment during sitting. We aimed to 
demonstrate the effect of a pelvic-support chair on the lumbar lordosis and sacral tilt in patients with LBP.  
Methods: We recruited 29 patients with non-specific LBP and 11 healthy subjects in South Korea from Apr 
2017 to Mar 2018. The sagittal lumbosacral alignment was examined radiographically in three sitting postures: 
usual, erect, and sitting in a pelvic-support chair. Five angles [the lumbar lordosis, upper lumbar (ULA), lower 
lumbar (LLA), lumbosacral (LSA), and sacral slope (SS) angles] were compared between the subjects with LBP 
and healthy subjects in the three sitting conditions.  
Results: There were significant differences in the lumbar lordosis, ULA, LLA, LSA, and SS according to sitting 
condition (P<.05). All five angles were significantly greater when participants sat erect or in a pelvic-support 
chair than in their usual sitting position (P<.05). ULA and SS were significantly greater when sitting erect than 
in a pelvic-support chair (P<.05). LLA was significantly greater in controls than in patients with LBP (P=.042). 
Conclusion: The sagittal alignment of the lumbosacral region differed significantly among usual, erect, and 
pelvic-support chair sitting in patients with LBP and controls. Decreased lordotic curve of the lumbar spine in 
the usual sitting position can be changed in both patients with LBP and healthy subjects by sitting with pelvic 
support chair. 
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sitting posture that reduces passive tissue strain, 
slight lumbar lordosis and a relaxed thorax are 
important to prevent and resolve LBP during 
seated work (10).  
Studies have examined the degree of curvature of 
the lumbar spine according to sitting condition 
(11-14). Markers on the skin surface, used with 
motion-capture techniques or digital photo-
grammetry, have been used to assess spine curva-
ture; however, these methods may be limited for 
determining spine curvature, as absolute angles 
may be underestimated due to inaccurate marker 
placement (13, 15, 16). Radiographic measures 
can provide useful information about lumbar lor-
dosis and sacral alignment parameters, as their 
reliability and agreement are good (11, 12, 17). 
Thus, radiographic analyses may be needed to 
evaluate the lumbar lordotic angle under diverse 
sitting conditions. 
Previous studies have reported the effects of var-
ious chairs on maintaining a proper lumbar lor-
dotic curvature, with the aim of developing more 
comfortable seating conditions (14-16, 18-20). 
Using a backrest or lumbar support can help to 
maintain lumbar lordosis while sitting (15, 16, 18-
20). These lumbar-support devices create lumbar 
lordotic curvature directly by supporting the 
lumbar spine. Another way to increase lumbar 
lordosis is to change the seat inclination. Using a 
forward-tilted seat such as a saddle-shaped chair, 
seat pan, or kneeling chair, can maintain greater 
lumbar lordosis compared to standing or a 
slouched sitting posture (14, 18). However, pre-
vious results showing evidence for the effects of 
sitting in various chairs on lumbar curvature us-

ing skin markers or via photographs did not pro-
vide data on the direct spinal curve (14, 18).  
A radiographic study found that the L5/S1 inter-
vertebral joint was flexed by more than 60% of 
the total lower lumbar (from L3 to the top of the 
sacrum) flexion range of motion in a slouched 
posture in healthy subjects (21). This degree of 
flexion is derived by rotation of the pelvis. In this 
study, a “pelvic-support chair” was designed to 
promote lumbar lordosis by supporting the pelvis 
while sitting. A pelvic-support chair would facili-
tate a less flexed lumbar posture by anteriorly 
tilting the pelvis during sitting and could poten-
tially help decrease strain on the passive spinal 
structures and prevent or decrease LBP.  
Therefore, in the present study, we radiologically 
investigated the effects of sitting in a pelvic sup-
port chair on lumbar lordosis and sacral tilt. We 
focused on differences in lumbar lordosis and the 
sacral tilt angle during usual sitting, erect sitting, 
and sitting with pelvic support and evaluated dif-
ferential postural responses between patients 
with LBP and healthy controls. 
 
 
 

Materials and Methods 
 
Participants 
This study recruited 40 volunteers: 29 patients 
with LBP and 11 healthy controls in Jeonju-si, 
South Korea from Apr 2017 to Mar 2018 (Table 
1).  

  
Table 1: Characteristics of subjects 

 
Variable LBP (n=29) Control (n=11) P 

Sex M=14, F=15 M=6, F=5  
Age (yr) 21.28±1.19 22.09±1.51 .081 
Height (cm) 165.93±7.71 165.09±8.89 .769 
Weight (kg)    59.59±10.29 58.18±9.43 .696 
BMI (kg/m2)   21.52±2.37 21.30±2.69 .802 
Pain duration (month)    29.03±21.18 -  
VAS (mm)   55.4±17.5 -  

LBP = low back pain; BMI = Body mass index; VAS = Visual analog scale. The VAS score ranged from 0 (no pain at all) to 100 
(worst possible pain) 
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Visual analog scale (VAS) score for measuring 
pain intensity were recorded for all patients with 
LBP. The VAS score ranged from 0 (no pain at 
all) to 100 (worst possible pain). The patients had 
complained of LBP for at least 3 months; but had 
no spine surgery or neurological signs (radiating 
pain below the lower leg or loss of sensation). 
Patients with LBP were excluded if they had 
symptoms of spondylarthrosis or disk prolapse. 
The healthy controls had no LBP in the previous 
6 months and no history of spinal pathology or 
spinal surgery. 
All subjects provided written informed consent 
after the experimental protocol had been ex-
plained to them. This study was approved by the 
Institutional Review Board of Jeonju University. 

All subjects sat on a stool with their arms folded 
in front of their chests. The stool height was ad-
justed to ensure that the hip and knee angles 
were 90 degrees (11). There were three sitting 
conditions: usual sitting, erect sitting, and sitting 
with a pelvic-support chair (Fig. 1). First, the sub-
jects were asked to sit on a stool in the same 
manner as they would usually sit on a chair with-
out a backrest. For erect sitting, the subjects were 
asked to assume what they believed was the most 
proper sitting posture. Finally, they sat on the 
pelvic-support chair such that the posterior supe-
rior inferior spine of the pelvis was located where 
the backrest protruded. The pelvic-support chair 
is designed to incline forward when someone sits 
on it, inducing anterior pelvic tilt, which facili-
tates an erect pelvic position when sitting (Fig. 2). 

 

 
Fig. 1: Sitting coditions. (A) usual sitting, (B) erect sitting, and (C) sitting with a pelvic-support chair. 

 

 
Fig. 2: Pelvic-support chair. Left: view from above, Right: view from side 

 
Outcome Measures 
Radiographs of the lumbar spine were obtained 
in the sagittal plane in the three sitting condi-

tions. When the radiographs were taken, the sub-
jects were asked to look at a target directly in 
front of them. The distance between the X-ray 
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source and the participant was 100 cm. The lum-
bar lordosis angle (angle between the upper end 
plate of L1 and the upper end plate of the sa-
crum), upper lumbar angle (ULA; angle between 
the upper end plate of L1 and the upper end 
plate of L4), lower lumbar angle (LLA; angle be-
tween the upper end plate of L4 and the upper 
end plate of the sacrum), lumbosacral angle 
(LSA; angle between the lower end plate of L5 

and the sacral end plate), and sacral slope angle 
(SS; the angle between the sacral plate and the 
horizontal plane) were measured (Fig. 3) (22). 
Negative values of the lumbar lordosis angle, 
ULA, LLA, and LSA indicated lumbar lordosis. 
A positive SS indicated anterior sacral tilt. All 
measurements were analyzed using PACS viewer 
(eRAD, Greenville, SC, USA). 

 

 
Fig. 3: Radiograph measurements of the lumbosacral region. Lumbar lordosis angle (the angle between ① and ④ 

lines), upper lumbar angle (between ① and ② lines), lower lumbar angle (between ② and ④ lines), lumbosacral 

angle (between ③ and ④), and sacral slope angle (between ④ line and the horizontal plane) 

 
Statistical analysis 
All data were analysed using SPSS 26 (IBM 
Corp., Armonk, NY, USA). Statistical signifi-
cance was set at P< .05. Independent t-tests were 
used to compare subject characteristics (age, 
height, weight, and body mass index). Repeated 
two-way analysis of variance was used to com-
pare groups (patients with LBP vs. controls) and 
sitting conditions (usual, erect, and sitting with a 
pelvic-support chair). Post hoc analysis with the 

Bonferroni adjustment was used if main effects 
of the sitting conditions were found.  
 

Results 
 
Figure 4 presents the lumbosacral region angles 
(mean and standard deviation) in each sitting 
condition for each group. There was no signifi-
cant interaction between group and sitting condi-
tion for any variable. 
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Fig. 4: Lumbar lordosis (A), upper lumbar (B), lower lumbar (C), lumbosacral (D), and sacral slope (E) angle for 
each sitting conditions in LBP and controls (*P<.05, significant difference in main effect for sitting condition) 

 
There was a significant main effect of the sitting 
conditions on the lumbar lordosis angle 
(F=53.761; P<.001), ULA (F=56.989; P<.001), 
LLA (F=20.933; P<.001), LSA (F=7.996; 
P=.001), and SS (F= 42.415; P<.001). The lum-
bar lordosis, ULA, LLA, LSA, and SS in the usual 
sitting position were significantly lower than in 

erect sitting or sitting with pelvic support 
(P<.05). ULA and SS were significantly greater 
when erect sitting than in a pelvic-support chair 
(P=.003 and P=.002, respectively). There was 
also significant main effect of groups on the LLA 
(F=4.439; P=.042). LLA was significantly greater 
in controls than in patients with LBP (Fig. 5).  
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Fig. 5: Main effect of the lower lumbar angle between LBP and controls (* P < .05, significant difference for group) 

 

Discussion 
 
This study examined the angle of the lumbosacral 
region during sitting with a pelvic-support chair 
and demonstrated the effects of sitting conditions 
(usual, erect sitting, and sitting with pelvic sup-
port) on the lumbosacral region in patients with 
LBP and controls. In our study, a pelvic-support 
chair induced lumbar lordosis by supporting the 
posterior pelvic region in a forward position. 
There are differences in sagittal lumbar lordosis 
and the sacral tilt angle among sitting conditions; 
both significantly increased in erect sitting and 
sitting with pelvic support compared to the usual 
sitting position. Patients with LBP showed signif-
icantly lower lordotic angle in the lower lumbar 
spine while sitting compared to the control 
group. To date, few studies have used radio-
graphic techniques to examine lumbar lordotic 
and sacral angles during sitting with a pelvic-
support chair in patients with LBP. This study 
demonstrated the effects of a pelvic-support 
chair on the angle of the lumbosacral region in a 
seated posture. 
Overall lumbar lordotic angle (lumbar lordosis, 
ULA, LLA, and LSA) and anteriorly SS were sig-
nificantly increased in erect and sitting with pel-
vic-support chair compared with that in usual 
sitting. A prolonged flexed sitting posture con-
tributes to increasing the intervertebral disc pres-
sure (5, 23) and cervical lordosis and pelvic tilt 

(24) while sitting. Less activity of the back mus-
cles (i.e., the lumbar multifidus, iliocostalis lum-
borum, and thoracic erector spinae) is required 
with a flexed lumbar posture (8, 19, 25); however, 
it can induce more stress on the articular and lig-
amentous structures. Although we did not assess 
muscle activity in the lumbar region during sit-
ting, a pelvic support chair may induce passive 
anterior pelvic tilt, which would contribute to an 
increased lumbar lordotic angle, thus requiring 
less effort to maintain a lumbar posture com-
pared to active erect sitting.  
This study demonstrated that the LLA was signif-
icantly decreased in patients with LBP compared 
with that in controls. Previous studies have found 
an association between sitting in an awkward 
posture (e.g., trunk flexed or a bent posture) and 
presence or severity of LBP, although whether 
there is a strong association between sitting itself 
and LBP remains unknown (2, 8, 26, 27). De-
creased lumbar lordosis has been considered as 
an important factor in the development of LBP 
during prolonged sitting with flattening of the 
lumbar spine (2, 8, 26, 27). It is difficult to de-
termine a cause-and-effect relationship between 
decreased lordosis, measured based on LLA, and 
LBP, as a flexed lower lumbar spine may lead to 
strain on passive tissues that are already vulnera-
ble in patients with LBP. 
People who spend a lot of time sitting are more 
likely to develop LBP (1, 3, 4). People tend to 
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flex their lumbar spine while sitting for long peri-
ods and have difficulty maintaining the optimal 
lumbar curve while sitting. In addition, increased 
back muscle activation is required to maintain an 
erect sitting posture and the constant muscle ac-
tivity may induce muscle fatigue (28). LBP and 
referred pain were reduced when patients with 
LBP sat with a lordotic posture using a lumbar 
roll (29). Maintaining the lordotic curve while 
sitting led to centralization of the pain (30). In 
this study, the pelvic-support chair might induce 
to maintain an erect pelvic position and to main-
tain the lumbar lordotic curve with less active 
effort. Therefore, a pelvic-support chair is rec-
ommended as an external support to maintain 
the lumbosacral curve in people with and without 
LBP. 
There are several limitations to this study. First, 
this study evaluated the immediate sitting posture 
of the lumbosacral region in three sitting condi-
tions. This did not reflect the typical sitting pos-
tures of the subjects and we cannot determine 
the effects of prolonged sitting conditions on 
lumbosacral posture. A future study should ex-
amine the lumbosacral posture after a prolonged 
period of sitting. Second, this study focused on 
the lumbosacral region in the three sitting condi-
tions and did not consider the effects on the tho-
racic and cervical curves. The spinal curve from 
the cervical region to the sacrum is influenced by 
the sitting posture (31). Thoracolumbar pain was 
related to a slumped sitting posture (3). There-
fore, future investigations should examine the 
effect of sitting posture on the spinal curve from 
the cervical region to the sacrum. 
 

Conclusion 
 
This study compared the differences in the 
alignment of the lumbosacral region in three dif-
ferent sitting conditions (usual, erect, and sitting 
with pelvic support) between patients with LBP 
and healthy controls. The lumbar lordosis, ULA, 
LLA, and SS were significantly increased while 
sitting with pelvic support and during erect sitting 
compared with those in the usual sitting posture 

of patients with LBP and healthy controls. In ad-
dition, LLA was significantly decreased in pa-
tients with LBP than controls. Therefore, using a 
pelvic-support chair can maintain the lumbar lor-
dotic curve while sitting in patients with LBP and 
healthy people. 
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