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Background: The range of pelvic tilt is one of modifiable risk factors in preventing the lower 
back pain.

Objects: The purpose of this study were to compare the range of pelvic tilt motion by testing 
position and sex. 

Methods: One hundred five young adults (61 females and 44 males) agreed to participate 
in measuring the anterior and posterior pelvic tilt with the PALM (Palpation Meter) in sitting 
and standing. The range of pelvic tilt motion was defined as the difference between the pelvic 
anterior and posterior tilt angles.

Results: In general, the anterior pelvic tilt was greater (p < 0.01) in standing than in sitting 
and the posterior pelvic tilt was lesser (p < 0.01) in sitting than in standing. The anterior pelvic 
tilt in sitting and standing was greater (p < 0.01) in the females than in the males. However, 
the effect of sex on the posterior pelvic tilt was only significant in sitting (p < 0.01), but not in 
standing (p = 0.78). The range of pelvic tilt was greater (p = 0.03) in sitting but not signifi-
cantly (p = 0.07) affected by the sex. 

Conclusion: The pelvic tilt motion in these young adults showed large variability and further 
studies are needed to understand better its relationship to the prevalence of the lower back 
disorders.
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INTRODUCTION

The pelvis is core component of human posture and move-

ment. Tightness or weakness of adjacent muscles can affect 

the neutral angle and the maximal range of pelvic motion [1]. 

Pelvic position can directly influence lumbar spine alignment, 

which is considered a risk factor in low back pain [2] Excessive 

anterior pelvic tilt has been suggested to increase loading on 

the lumbar spine [3]. Altered lumbopelvic movement has been 

reported in patients with low back pain [4]. The range of pel-

vic tilt was considered as a modifiable factor in preventing the 

lower back pain [1]. 

The lumbar curve was altered by the pelvic tilt: anterior tilt 

increased the depth of the lumbar curve and posterior tilt de-

creased the depth of the lumbar curve [5,6]. The normal neu-

tral pelvic angle in standing appears to be sex dependent, with 

mean values of approximately 9° for males and 12° for females 

[7]. Majority of asymptomatic males and females had slightly 

anterior tilt in standing but no significant sex difference in the 

resting pelvic angle [8]. People wearing tight jeans have limited 

pelvic movement and decreased erector spinae activity during 

deep trunk flexion at workplaces, and further strain their in-

terspinous ligaments was cautioned [9]. Muscular tightness and 

shortening of the erector spinae and hip flexors, and elonga-

tion and weakening of the abdominals and gluteals have been 

suggested to result in greater anterior pelvic angle [10-12]. 

Hamstring tightness measured with the active knee extension 

method showed a moderate correlation with pelvic range of 

motion movement [13].

The patients with low back pain often demonstrate a mal-

alignment of the pelvis due to asymmetry in lower limb pos-

ture, restricted motion at the hip joint, weak gluteal muscles, 

and transversus abdominis, but tight hamstring, psoas muscles 

and quadratus lumborum [14]. Increased maximal anterior pel-

vic tilt in standing had increased the angle of lumbar lordosis 

and increased the degree of posterior pelvic tilt decreased the 
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angle of lumbar lordosis [15]. The chronic low back pain group 

had a significantly smaller pelvic tilt (57.0° ± 15.3°) and a to-

tal trunk flexion (82.2° ± 39.7°) than the asymptomatic group 

(66.7° ± 19.4° and 104.6° ± 29.3° respectively), but a not sig-

nificantly different lumbar range of motion (79.8° ± 34.3° and 

64.5° ± 34.8°) using inclinometer at L5-S1 and T12-L1 during 

trunk forward bending task [13].

Age and sex, hamstring muscle tightness, feet position, 

muscle fatigue, movement speed and external loading as well 

phase of motion found to affect various aspects of lumbopelvic 

movement during trunk forward bending in a systemic review 

[1]. There has been a considerable controversial sex difference 

in the neutral pelvic tilt in standing [1,7,8,16,17]. Sex differ-

ence in lumbopelvic rhythm has been reported due to different 

spinal stability [18] in females.

Majority of previous studies regarding pelvic tilt has focused 

on the static neutral angle in standing [5,15,19-21] or on the 

dynamic angular displacement as a part of the lumbosacral 

coordination during deep bending forward [1,9,22-24]. This 

study focused on the active range of pelvic motion in sitting 

and standing which is calculated from the maximal voluntary 

anterior and posterior tilt angle. The active range of pelvic 

motion in standing and sitting can be a fundamental dynamic 

variable easily assessed in a clinical setting. The purpose of 

this study was to compare the range of pelvic tilt measured in 

standing and sitting position between the young male and the 

female participants.

MATERIALS AND METHODS

1. Participants

One hundred five volunteers (61 females and 44 males) with-

out any on-going pain or history of major injury or surgery 

in the spine and lower limbs were participated in this study. 

Participants signed an Institutional Review Board approved 

(approval No. 1041231-190219-HR-089-03) consent form. The 

characteristics of participants is summarized in the Table 1.

2. Equipment

The PALM device (Palpation Meter; Performance Attainment 

Associates, St. Paul, MN, USA) was used to measure the sagittal 

pelvic tilt angle. It consists of an inclinometer and two caliper 

arms with a hole at the end of each caliper arm for accurate 

palpation. Intraclass correlation coefficient values (95% con-

fidence Interval), standard error of measurement and smallest 

detectable change values for intra-rater reliability of sagittal 

pelvic position was 0.92 (0.80–0.97), 0.7 and 1.8 degrees in 

standing and 0.90 (0.74–0.96), 1.5 and 4.0 degrees in sitting 

[20].

3. Procedure 

The maximal pelvic anterior and posterior tilt angles were 

measured at the end of active range of motion on the domi-

nant side in sitting and standing. The order of measurement 

was randomized using the random formula in Excel (Microsoft, 

Redmond, WA, USA). Participants were asked to wear a short 

pants to visually inspect the alignment of lower extremities. 

They stood or sat with their feet parallelly apart 30 cm to con-

trol the ankle and hip rotation between trials [19]. A height ad-

justable stool was used for sitting and the height was adjusted 

to keep the knee joints in 90 degrees. They kept their arms 

crossed over the chest while a single examiner palpated the 

anterior superior iliac spines (ASIS) and posterior superior iliac 

spines (PSIS). The palpation procedure was done as described 

by Herrington [8]. The angle between ASIS and PSIS was mea-

sured three times and averaged [5]. When the erect trunk 

posture was not established, the participant was instructed 

and remeasured. Positive values were related to anterior pelvic 

tilt, while negative values were related to posterior pelvic tilt. 

Prior to measure, the examiner explained the pelvic tilt mo-

tion with demonstration and they practiced both anterior and 

posterior pelvic tilt motion at least 10 times for familiarization. 

The verbal instruction for anterior pelvic tilt was “bring your 

imaginary tail up as much as possible” and “bring it down and 

forward as much as possible” for posterior pelvic tilt.

4. Data Analysis

Outcome variables are the pelvic anterior and posterior 

tilt angles and the range of pelvic tilt motion (the difference 

between the pelvic anterior and posterior tilt angles). For sta-

tistical analyses, repeated-measures ANOVA was used to test 

Table 1. The characteristics of participants (N = 105)

Variable
Female 
(n = 61)

Male 
(n = 44)

Total 
(N = 105)

Age (y) 22.9 ± 1.4 23.0 ± 1.9 22.9 ± 1.6 
Height (cm) 161.5 ± 5.0 174.8 ± 5.1 167.1 ± 8.2 
Weight (kg) 54.8 ± 7.7 69.9 ± 9.9 61.1 ± 11.5 
Body mass index (kg/m2) 21.0 ± 2.9  22.8 ± 2.9 21.8 ± 3.0 
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whether the outcome variables were associated with the test-

ing position (a within-subject effect, sitting and standing) and 

sex (a between-subject effect). In case of significant interac-

tion between sex and testing position, sitting and standing data 

were separately tested using the independent t-test. All analyses 

were conducted with SPSS version 20 (IBM Co., Armonk., NY, 

USA) using a significance level of alpha = 0.05.

RESULTS

Anterior pelvic tilt angle of the male participants was 8.4° ± 

5.2° in standing and –2.5° ± 9.0° in sitting, while, in the female 

participants, 10.9° ± 5.4° in standing and 2.4° ± 7.3° in sitting 

(Figure 1). The main effects of position (F = 125.62, p < 0.01) 

and of sex (F = 12.45, p < 0.01) on the anterior pelvic tilt were 

both statistically significant. The interaction effect between 

position and sex were not significant (F = 1.91, p = 0.17). 

Posterior pelvic tilt angle of the male participants was –6.5° 

± 3.2° in standing and –19.8° ± 7.0° in sitting, while for the 

females –6.7° ± 3.9° in standing and –15.6° ± 6.7° in sitting 

(Figure 2). The main effects of position (F = 261.25, p < 0.01) 

and of sex (F = 5.4, p = 0.02) on the posterior pelvic tilt were 

both statistically significant. The interaction effect between 

position and sex were significant (F = 9.98, p < 0.01). When 

separately analyzed using the independent t-test, the effect of 

sex on the posterior pelvic tilt was significant in sitting (t = 3.04, 

p < 0.01), but not in standing (t = –0.28, p = 0.78). 

Pelvic range of motion of the male participants was 14.9° 

± 5.0° in standing and 17.3° ± 5.5° in sitting, while in female 

17.6° ± 5.2° in standing and 18.1° ± 6.9° in sitting (Figure 3). 

The main effects of testing position (F = 5.17, p = 0.03) was 

statistically significant but the effect of sex (F = 3.29, p = 0.07) 

on the pelvic range of motion was not statistically significant. 

The interaction effect between position and sex were not sig-

nificant (F = 2.49, p = 0.12).

DISCUSSION

The range of pelvic tilt varies by testing position and sex. 

The anterior pelvic tilt was greater in standing than in sitting 

and the posterior pelvic tilt was lesser in sitting than in stand-

ing. The anterior pelvic tilt in sitting and standing was greater 

in the females than in the males. However, the effect of sex on 

the posterior pelvic tilt was only significant in sitting, but not 

in standing. The range of pelvic tilt was greater in sitting but 

not significantly affected by the sex. The sagittal pelvic motion 

in these young adults demonstrated fairly large variability and 

the testing position and sex must be considered for assessing 

the pelvic tilt motion accurately in a clinical setting.

The marginal mean of anterior pelvic tilt in both male and 

female together was 9.5° ± 8.8° greater in standing (9.9° ± 

5.5°) than in sitting (0.4° ± 8.4°) and the posterior pelvic tilt 
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Figure 1. Anterior pelvic tilt (º) in standing and sitting by sex. 
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Figure 2. Posterior pelvic tilt (º) in standing and sitting by sex. 
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Figure 3. Pelvic range (º) of motion in standing and sitting by sex. 
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was 10.7° ± 7.2° lesser in sitting (–17.4° ± 7.1°) than in stand-

ing (–6.6° ± 3.6°). Relatively to standing, in sitting position, the 

hip joints are in flexed position, the pelvis is tilted posteriorly, 

and consequently the lumbar lordosis is decreased. Decreased 

lumbar lordosis from the posterior pelvic tilt in sitting can 

limit the load distributing and absorbing function of lumbar 

spine. Spine, pelvis and lower extremity movements are closely 

interconnected due to the closed kinematic chain [25]. For 

example, induced calcaneal eversion using a wedge under the 

hindfoot tilted the pelvis anteriorly [24]. Increased posterior 

pelvic rotation during hip flexion can cause excessive lumbar 

spine movement and increase lumbar spine stress [4,13,26].

The range of pelvic tilt was 1.2° ± 6.2° greater in sitting 

(17.7° ± 6.3°) than in standing (16.5° ± 5.3°). The range of 

pelvic tilt of this study was slightly less than those (about 20° 

in healthy group no exact value reported) measured with elec-

tromechanical units [5]. The possible reasons for the increased 

range of pelvic motion in sitting are the larger base of support 

and relatively lower center of mass from the base of support, 

so the participants were able to tilt their pelvis further without 

worrying about the balance. The amount of pelvic tilt was not 

affected by whether knees were extended or flexed approxi-

mately 10 degrees [5]. In a forward bending study [27], the 

mean angle of pelvic tilt was 15.5° ± 6.9° and no association 

was found between hamstring muscle length and the total an-

gle of pelvic tilt in people with extensibility of the hamstrings 

within normal limits.

Roughly speaking, pelvis is posteriorly tilted in the males and 

more anteriorly tilted in the females. In standing, the maximal 

active anterior pelvic tilt (Figure 1) was 2.5° greater in the fe-

males (10.9° ± 5.2°) than in the males (8.4° ± 5.2°), and in sit-

ting, 4.9° greater in the females (2.4° ± 7.3°) than in the males 

(–2.5° ± 9.0°). Posterior pelvic tilt of the male participants was 

–6.5° ± 3.2° in standing and –19.8° ± 7.0° in sitting, while for 

the females –6.7° ± 3.9° (not statistically different) in standing 

and –15.6° ± 6.7° (4.1° smaller than the male ones) in sitting 

(Figure 2). The range of pelvic tilt was not significantly (p = 0.07) 

affected by the sex (17.9° ± 6.0° in female and 16.1° ± 5.2° 

in male). Majority of males and females had slightly anterior 

tilt in standing but no significant sex difference in a neutral 

pelvic angle study [8]. In trunk forward bending, there was no 

significant sex difference in pelvic tilt (64.6° ± 14.6° and 59.7° 

± 15.3°), total trunk flexion (97.6° ± 35.3° and 98.5° ± 37.4°) 

and lumbar range of motion (67.6° ± 34.8° and 75.6° ± 35.1°) 

when measured with inclinometer at L5-S1 and T12-L1 [13]. 

The range of anterior tilt of the pelvis on the thigh was less 

for the men with short hamstrings (52° ± 9°) than for the men 

without short hamstrings (72° ± 4°) (p < 0.001), but the lumbar 

flexion range of motion was not significantly different during 

toe-touching task [21]. Kienbacher et al. [28] reported that hip 

range of motion from standing to the maximum flexion posi-

tion is significantly lower in males than in females. Sex differ-

ence in hamstring flexibility is common [1,7,29,30]. Reduced 

hamstring flexibility is related to decreased anterior pelvic tilt 

angles as in the male participants of this study. The decreased 

anterior pelvic tilt angles can overload the spine during trunk 

forward flexion [1,13,31] and manual materials handling [32]. 

In a longitudinal study [31], a significant decrease in the level 

of hamstring stiffness was recorded in the experimental group 

accompanied by an increase in anterior pelvic tilt.

Limitations of the current study include a young non-

impaired population and findings relating to more elderly, 

or those in lower back pain or impaired, may differ from the 

current findings. Measuring the pelvic angle with PALM is 

easy, simple, and quick but it is static and uniplanar. Analysis 

was limited to the sagittal plane and more sophisticated 3-di-

mensional kinematics would provide a more detailed analysis 

regarding pelvic tilt. Factors affecting the pelvic range of mo-

tion, such as the hamstring muscle length and hip range of 

motion were not measured in this study. In addition, there 

were no objective measure to control the unwanted adjacent 

joint motions other than visual inspection. Although this study 

was limited to healthy subjects, clinicians should be aware that 

when addressing pelvis and lower back dysfunction, foot align-

ment should be examined as a contributing factor. The pelvic 

tilt motion has fairly large variability even though the partici-

pants were young and healthy. There should be more studies 

to figure out the influence of pelvic orientation on whole-body 

posture and body mechanics. Furthermore, studies are needed 

to understand better its relationship to the prevalence of the 

lower back disorders.

CONCLUSIONS

The purpose of this study was to compare the range of pelvic 

tilt motion by testing position and sex. The anterior pelvic tilt 

was greater in standing than in sitting and the posterior pelvic 

tilt was lesser in sitting than in standing. The anterior pelvic 
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tilt in both sitting and standing was greater in the females than 

in the males. However, the effect of sex on the posterior pel-

vic tilt was only significant in sitting, but not in standing. The 

range of pelvic tilt was greater in sitting but not significantly 

affected by the sex. The pelvic tilt motion in these young 

adults demonstrated fairly large variability and the testing posi-

tion and sex must be considered when assessing the pelvic tilt 

motion in a clinical setting. 
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