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The Effect of Pelvic Position on Pelvic Incidence 
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From a biomechanical perspective, the spine is considered a single functional 
unit, and when assessing spinal pathologies, careful attention to spinal 
biomechanics is of great importance(1). Degenerative diseases, particularly at 
advanced ages, induce significant alterations in the lumbar spine and pelvis, 
which often necessitate correction of these deformities over the patient’s 
lifetime(2,3). The lumbosacral spine and pelvis play a crucial role in maintaining 
sagittal balance of the body(4). Evidence has shown that sagittal and coronal 
balance, and their interrelationship with other segments of the spine and 
pelvis, are critical; any disruption in lumbosacral sagittal balance can result in 
pain and functional disability(5). Comprehensive knowledge of sagittal 
alignment is essential for achieving optimal clinical outcomes and minimizing 
complications in surgical correction of lumbosacral deformities such as 
degenerative disease, scoliosis, and spondylolisthesis(6-8). 
The relationship between the sacrum and pelvis is defined by pelvic incidence 
(PI), which describes the spatial orientation and positioning of the sacrum. PI 
is measured as the angle between the perpendicular to the sacral plate passing 
through its midpoint and the line connecting this midpoint to the femoral head 
axis. Sacral slope (SS) is the angle between the sacral plate and the horizontal 
axis, while pelvic tilt (PT) is the angle between the vertical axis and the line 
drawn from the midpoint of the sacral plate to the femoral head axis(9). 
The sagittal morphology of the pelvis has a substantial impact on upright 
posture, especially through its influence on lumbar lordosis. 

Abstract  
Introduction: Given the importance of the stability of the pelvic incidence (PI) angle in evaluating spinal alignment 
and its significance in spinal fixation during surgical procedures, this study aims to investigate the PI angle and 
compare it in two positions: Full Flexion and Full Extension. 
Materials & Methods: This cross-sectional study assessed 44 student volunteers using dynamic radiographic 
evaluation in two positions: Full Flexion and Full Extension. Dynamic radiographs were taken in two conditions: (1) 
seated with maximum forward bending (Full Flexion) and (2) lying supine with legs hanging off the edge of the bed 
to their maximum extent (Full Extension). The PI angle was measured using the PACS software. 
Results & Discussion: The mean PI angles in the Full Flexion and Full Extension positions were not equal, 
demonstrating positional changes. The mean PI angle in Full Flexion was higher than in Full Extension. The mean 
difference in PI angle between the two positions was 3.6±3.9 degrees. In females, the mean PI angle in Full Flexion 
was 55.83±11.23 degrees, which was higher than in males (53.22±7.62 degrees), though this difference was not 
statistically significant (P = 0.390). In Full Extension, the mean PI angle in females was 51.61±9.87 degrees, which 
was again higher than in males (49.65±7.05 degrees), but the difference was not statistically significant (P = 0.608). 
Conclusion: The study results indicate that pelvic positioning affects pelvic incidence, and PI measurements are 
not constant across different positions. Furthermore, PI in the Full Flexion position was greater than in the Full 
Extension position. 
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Certain studies have reported that PI increases with 
age during the pre-pubertal period in individuals 
without spinal deformity, but remains relatively 
stable in the post-pubertal years(10). Other 
investigations have indicated that the normal PI 
range in individuals may vary between 45° and 65°, 
yet in any given person, it remains constant across 
different postures(11). 
Considering the clinical significance of the constancy 
of PI for spinal alignment assessment, and the 
importance of accurate angular measurements for 
proper fixation in spinal surgeries, this study was 
designed to evaluate PI and compare its values in the 
specified positions. The choice of surgical 
instrumentation and the ability to restore sagittal 
balance depend directly on the PI angle, thereby 
influencing surgical outcomes(12). 

 
Students enrolled at Babol university of medical 
Sciences during the period from August 2020 to 
November 2021 volunteered to participate in this 
study. To evaluate their vertebrae, dynamic 
radiographs (dynamic views) were obtained. For each 
participant included in the study, radiographs were 
performed in two positions: (1) sitting and bending 
forward to the maximal voluntary extent (Full 
Flexion), and (2) lying supine with legs extended off 
the bed to the maximal voluntary extent (Full 
Extension). PI was then measured using PACS 
software. Inclusion criteria included age ≥ 20 years, 
no history of back pain, no history of trauma to the 

lumbar spine. Moreover, exclusion criteria involved 
congenital spinal deformities or disorders, vertebral 
anomalies, history of spinal surgery, clinical evidence 
of vertebral fracture, and pregnancy. 
Sample size was calculated using G*Power software, 
yielding 41 participants. Collected data were entered 
into Microsoft Excel for preparation and statistical 
analysis. For descriptive statistics, measures of 
central tendency (mean, median, mode) and 
measures of dispersion (variance, standard deviation, 
range, coefficient of variation) were applied for 
quantitative variables, while frequency, percentage, 
and prevalence were used for qualitative variables. 
Graphical representation (bar and pie charts) was 
also performed. For inferential statistics, study 
hypotheses were examined using parametric tests 
(chi-square) and non-parametric tests (Mann–
Whitney), as well as Spearman correlation analysis 
following normality testing of data. All statistical 
analyses were conducted using SPSS software version 
25, with a significance level set at p < 0.05. 

 
In this cross-sectional study, 44 students volunteered 
and underwent dynamic radiographs in two 
positions: Full Flexion and Full Extension. PI was 
measured in both positions. The mean age of 
participants was 23.25 ± 1.31 years, with a median of 
23.50 years, a minimum age of 21 years, and a 
maximum of 25 years. Among the 44 students who 
participated in the study, 18 (40.9%) were male and 
26 (59.1%) were female (Figure 1).

 

 
Figure 1: Distribution percentage of participants frequency based on gender 
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As shown in Table 1, the mean PI angle in the Full 
Flexion and Full Extension positions was not equal, 
and the angle demonstrated variation between the 
two positions. Specifically, the mean PI angle in Full 
Flexion was greater than that in Full Extension. The 
mean difference in PI angle between the two 
positions was calculated as 3.9 ± 3.6 degrees. This 
difference represents the change in PI angle between 
Full Flexion and Full Extension. 

Mann–Whitney test 
The mean PI angle in Full Flexion among females was 
55.83 ± 11.23°, which was higher than that of males 
at 53.22 ± 7.62°, although the difference was not 
statistically significant (P = 0.390). Similarly, in Full 
Extension, the mean PI angle in females was 51.87 ± 
9.87°, higher than that of males at 49.65 ± 7.05°, yet 
again, no statistically significant difference was 
observed (P = 0.608) (Table 2). 

Spearman’s correlation coefficient 
The PI angle in Full Flexion showed a negative 
correlation with age, though it was not statistically 
significant (r = –0.044, P = 0.775). A negative 
correlation indicates that as age increases, the PI 
angle in Full Flexion tends to decrease. Similarly, the 
PI angle in Full Extension demonstrated a negative 
correlation with age, but again without statistical 
significance (r = –0.102, P = 0.511). This suggests that 
increasing age is associated with a decreasing PI angle 

in Full Extension. By contrast, a significant positive 
correlation was observed between PI angle in Full 
Flexion and PI angle in Full Extension (r = 0.915, P < 
0.001). This positive correlation indicates that an 
increase in PI angle in one position is accompanied by 
an increase in PI angle in the other position (Table 3). 

 
Recent research has increasingly focused on 
parameters that govern spinal and pelvic alignment, 
collectively referred to as spinopelvic sagittal 
balance. These parameters include pelvic incidence 
(PI), sacral slope (SS), and pelvic tilt (PT). Normal 
static sagittal balance is defined as the physiological 
alignment of the spine in its most efficient posture. 
During gait, sagittal balance is constantly maintained 
through compensatory mechanisms of the lower 
limbs(13). 
Previous studies have consistently reported that PI 
remains a constant value for each individual, whereas 
other parameters such as SS and PT vary according to 
posture(14–18). However, the present study 
demonstrated that PI values in each individual were 
not identical between Full Flexion and Full Extension 
positions. This finding has the potential to influence 
approaches in the assessment of sagittal parameters 
and the planning of spinal surgeries. Knowledge of PI 
variations across these positions may alter the extent 
and type of correction required during surgery. 

 
Table 1: Measurements of Pelvic Incidence Angle in the Two Positions of Full Flexion and Full Extension 

Pelvic Incidence Angle Mean Standard Deviation Median Minimum Maximum 
Full Flexion Position 54.76 9.90 52.25 38.7 85.7 

Full Extension Position 50.81 8.79 48.20 36.5 77.2 
 

Table 2: Measurements of Pelvic Incidence Angle in Full Flexion and Full Extension Positions by Sex 

Pelvic Incidence 
Angle 

Males  
(Mean ± SD) 

Females  
(Mean ± SD) 

P 
value* 

Pelvic Incidence 
Angle 

Males  
(Mean ± SD) 

Full Flexion 53.22 ± 7.62 55.83 ± 11.23 0.390 Full Flexion 53.22 ± 7.62 
Full Extension 49.65 ± 7.05 51.87 ± 9.87 0.608 Full Extension 49.65 ± 7.05 

 

Table 3: Correlation Between PI Angle in Full Flexion and Full Extension Positions with Age and with Each 
Other 

Variables Age PI in Full Flexion PI in Full Extension 
Age r = 1 – – 
PI in Full Flexion r = –0.044, P = 0.775 r = 1 – 
PI in Full Extension r = –0.102, P = 0.511 r = 0.915, P < 0.001 r = 1 

 

Discussion 
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It should be noted that this investigation is the first 
study of its kind conducted within the country; 
therefore, comparison with domestic research is not 
possible. Nonetheless, a study by Place and 
colleagues in 2017 examined the constancy of PI and 
reported that PI changed in 88% of participants when 
shifting from a resting position to maximal anterior 
pelvic rotation, and in 80% of participants when 
shifting from a resting position to maximal posterior 
pelvic rotation(17). 
The variability of PI may partly be attributed to 
measurement error, since PI is assessed through 
radiographic imaging. However, such error cannot 
consistently account for repeated changes in the 
same individual, and it is possible that only a portion 
of PI variation is due to calculation inaccuracies. 
Ultimately, the observation that PI is not fixed across 
different positions represents an important finding 
that cannot be overlooked. Given that PI reflects the 
relationship between the sacrum and the iliac wings, 
or the sacroiliac joint, and that this joint is recognized 
as a mobile articulation, this mobility may explain, at 
least in part, the positional variability observed in PI. 
The lack of consistency in PI across the studied 
positions under Full conditions can also be extended 
to explain certain complications encountered in 
spinal surgeries. In the past, surgical interventions for 
spinal deformities were performed under the 
assumption that PI is a fixed value in every individual 
regardless of posture. This assumption, however, 
occasionally led to complications such as transitional 
syndromes and junctional syndromes(13). The present 
study, by challenging this long-held belief, may 
contribute to significant advances in spinal surgery, 
improving surgical efficiency and reducing 
postoperative complications. 
Our findings also showed that PI in both Full Flexion 
and Full Extension positions was higher in women 
compared to men. Although this difference was not 
statistically significant, the lack of significance may be 
attributable to the relatively small sample size. With 
a larger sample, the difference in PI angle between 
men and women may reach statistical significance. In 
a study by Zhu and colleagues, sagittal parameters of 
the cervical spine were compared between men and 
women, and significant differences were reported in 
C2–C7 Cobb angle and C7 slope(18). Although the 
variables examined in their study differ from those in 
the present investigation, the underlying hypothesis 
generated here may serve as a foundation for future 
studies. 

 
The results of this study demonstrated that pelvic 
position has a measurable impact on pelvic incidence 
(PI), and that PI values are not identical across 
different positions. Moreover, PI was found to be 
greater in the Full Flexion position compared to the 
Full Extension position. 
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