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Study Design: Cross-sectional study.
Purpose: To investigate the association between vaginal delivery and pelvic parameters and clarify the effect of parity on parameter 
fluctuations.
Overview of Literature: During vaginal delivery, the sacroiliac joint widens and the sacrum nutates (nods). However, the association 
between these pelvic parameters and parity is unknown.
Methods: As part of a 2016 health screening, 320 female volunteers underwent whole-spine radiographs. Age-matched healthy 
women were grouped according to the number of vaginal deliveries (0, 1–2, or ≥3). Demographic variables and spinopelvic param-
eters were compared among the three groups.
Results: Of the 320 volunteers, 213 were enrolled (mean age, 71.1±7.2 years). The mean number of vaginal deliveries was 2.2. The 
average pelvic incidence (PI) was 55.6°±11.1° and was significantly higher in the 90 women with three or more vaginal deliveries than 
in the other two groups (p<0.001). The average sacral slope was 33.4°±11.1° and was significantly higher in the women with three or 
more vaginal deliveries than in the 18 who did not deliver vaginally (p<0.001). The 105 women with one or two vaginal deliveries had 
significantly higher PIs and sacral slopes than did those who did not deliver vaginally (p<0.001).
Conclusions: This is the first study documenting an association between vaginal delivery and pelvic parameters. Bony birth canal 
realignment during vaginal delivery can affect postnatal PI. Our study helps in understanding the PI changes over a woman’s life span.
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Introduction

Pelvic incidence (PI), first defined by Legaye et al. [1], 
is the angle between the line perpendicular to the sacral 
endplate at its midpoint and a line connecting this point 

to the axis of the femoral head. PI, the sum of sacral slope 
and pelvic tilt [2], is fundamental for the regulation of pel-
vic spine parameters [3,4]. PI increases gradually during 
childhood as a result of walking on two legs [5]. After the 
bone matures, PI remains constant for every individual 
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in adulthood if sacroiliac joint movement does not oc-
cur [6]. However, during vaginal delivery, the sacroiliac 
joint might widen [7]. A well-known effect of estrogen is 
the proper ligamentous relaxation around the pelvis for 
delivery [8]. The estrogen concentration increases during 
pregnancy and peaks in the third trimester [9]. According 
to a previous study, during pregnancy, the strain force on 
the lumbar facet joints is more than double the average 
load [10], and the risk of degenerative spondylolisthesis 
increases with increasing parity [11]. A recent report from 
a database in the United Kingdom demonstrated that PI 
and lumbar lordosis mismatch increases with increasing 
parity [12].

By contrast, the association between pelvic parameters 
and vaginal delivery, during which bony changes in the 
birth canal occur, remains unknown. Thus, the major 
objective of this study was to use cohort analysis to inves-
tigate the association between vaginal delivery and pelvic 
parameters. This is the first study to elucidate the relation-
ship between vaginal delivery and pelvic parameters.

Materials and Methods

1. Subjects

Subjects were community-dwelling volunteers who at-
tended a basic local government health checkup in 2016. 
The checkup service includes musculoskeletal examina-
tion with whole-spine radiography and is conducted once 
every 2 years in Toei, Japan; most residents of middle and 
advanced age participate in the service [13-18].

Toei is in Aichi prefecture, in the middle of Japan, and 
has a population of 3,200, of whom 49.6% are older than 
65 years. Toei is in a relatively rural area, and many resi-
dents work in the agriculture and forestry industries.

In this study, we examined the distribution of vaginal 
deliveries by using a questionnaire. Background charac-
teristics, including age, body mass index, bone mineral 
density, and spinopelvic parameters, were assessed. Exclu-
sion criteria were (1) failure to return the questionnaire, 
(2) grade 2 or 3 vertebral fracture (semiquantitative) [19], 
(3) lumbarization or sacralization, (4) unclear radiograph-
ic images, and (5) a history of hip, spine, or abdominal 
surgery.

This study was approved by the Institutional Review 
Board of Hamamatsu University School of Medicine (IRB 
approval no., 15-060). Because of the retrospective nature 

of the research, the requirement for informed consent was 
waived.

2. Radiographic assessment

Whole-spine radiographs (anteroposterior and lateral) 
were taken while patients were standing. Lateral radio-
graphs were obtained with patients gazing horizontally in 
a natural free-standing posture with their fingers on their 
clavicles [20]. All digitized radiographs were transferred 
to imaging software (Surgimap; Nemaris Inc., New York, 
NY, USA). The measured radiographic parameters were as 
follows: (1) lumbar lordosis (the angle between the upper 
endplate of the L1 vertebra and the upper endplate of the 
S1 vertebra), (2) thoracic kyphosis (the angle between the 
upper endplate of T5 and the lower endplate of T12), (3) 
sacral slope, (4) pelvic tilt, (5) PI, and (6) the distance be-
tween a plumb line from the center of the C7 vertebra and 
the superior–posterior center of the sacrum, or sagittal 
vertical alignment (C7 SVA). The same cohort data were 
used in an earlier study to determine reference values for 
spinopelvic parameters [21].

3. Statistical analysis

Descriptive statistics, including means and standard devi-
ations, were calculated from demographic data and radio-
graphic parameters. Differences in individual parameters, 
based on age or radiological data, were assessed via one-
way analysis of variance according to the post hoc Tukey-
Kramer test. All statistical computations were conducted 
using the IBM SPSS software ver. 22.0 (IBM Corp., Ar-
monk, NY, USA), and a p-value of <0.05 was considered 
statistically significant.

Results

Of the 320 women who volunteered for the study, 60 were 
excluded on the basis of the exclusion criteria (Fig. 1). We 
then excluded 47 patients who were younger than 39 or 
older than 81 years. The 213 (81.9%) who were included 
were classified into three groups according to the number 
of vaginal deliveries (none, one or two, or three or more) 
(Fig. 2). The ages of the women ranged from 48 to 80 
years, and their mean age was 71.1±7.2 years. The mean 
parity was 2.4 (range, 0–6), and the mean number of vagi-
nal deliveries was 2.2 (range, 0–6). Of the participants, 90 
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(42.3%) had three or more vaginal deliveries, 105 (49.3%) 
had one or two vaginal deliveries, and 18 (8.45%) had de-
livered by cesarean section (CS).

Table 1 shows the demographic characteristics and spi-
nopelvic parameters of the three groups. Age, body mass 

index, and bone mineral density did not differ significantly 
among the three groups. Regarding spinopelvic parameters, 
PI was significantly higher in the women who delivered 
vaginally three or more times than in those who delivered 
vaginally once or twice and those who did not deliver vagi-
nally (p<0.001). Sacral slope was significantly higher in 
the women with three or more vaginal deliveries than in 
those with none (p<0.001). PI–lumbar lordosis mismatch 
increased with the number of vaginal deliveries; however, 
the difference was not significant. Other spinopelvic pa-
rameters, including C7 SVA, thoracic kyphosis, and lumbar 
lordosis, did not differ significantly among the three groups. 
We measured all parameters with good reproducibility. For 

Fig. 1. Flow chart of subject selection and study design.
Fig. 2. Identification of vaginal delivery from whole parities. P, parity; CS, cesar-
ean section; VD, vaginal delivery.

Table 1. Demographic characteristics and spino-pelvic parameters for the study participants

Characteristic
Vaginal delivery

p-value Post hoc
0 (n=18) 1–2 (n=105) ≥3 (n= 90)

Demographic characteristics

Age (yr) 70.2±8.5 71.2±6.7 71.1±7.0 0.89

Body mass index (kg/m2) 22.9±3.4 22.0±3.4 22.6±2.9 0.35

Bone mineral density (%YAM) 80.4±15.2 80.3±14.7 83.9±17,3 0.28

Spino-pelvic parameters

Sagittal vertical axis (mm) 19.0±41.5 11.6±46.2 6.9±41.2 0.57

Thoracic kyphosis (°) 36.2±16.2 33.7±12.1 29.7±15.8 0.088

LL (°) 40.3±14.0 46.4±16.8 48.3±17.1 0.27

Sacral slope (°) 24.4±8.8 30.0±10.4 33.4±11.1 0.0055 0 vs. ≥3

Pelvic tilt (°) 20.8±8.6 22.0±8.8 22.2±9.9 0.88

PI (°) 45.1±8.6 52.2±10.0 55.6±11.1 0.0014 0 vs. ≥3, 1–2 vs. ≥3

PI–LL (°) 4.7±14.1 5.8±15.3 7.3±16.0 0.32

Patient reported outcomes

Oswestry Disability Index (%) 14.2±11.7 13.2±12.5 11.3±11.3 0.46

Values are presented as mean±standard deviation. Bold type is considered statistically significant.
YAM, young adult mean; LL, lumbar lordosis; PI, pelvic incidence.

CS
n=8

CS
n=10

PO
n=8

VD 0
n=18

VD 1–2

n=105
VD ≥3
n=90

P 1–2

n=107
P ≥3
n=98
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C7 SVA, thoracic kyphosis, lumbar lordosis, sacral slope, 
pelvic tilt, and PI, the intraobserver intraclass coefficients 
were 0.913, 0.996, 0.926, 0.936, and 0.918, respectively, and 
the interobserver intraclass coefficients were 0.991, 0.990, 
0.964, 0.962, and 0.947, respectively.

Table 2 shows the differences in demographic charac-
teristics and spinopelvic parameters for women who de-
livered by CS and those who delivered vaginally. PIs were 
significantly higher in women who delivered vaginally 
than in those who delivered by CS (p<0.001), as were 
sacral slopes (p=0.023). PI–lumbar lordosis mismatch was 
greater in women who delivered vaginally than in those 
who delivered by CS; nevertheless, the difference was not 
significant. Other spinopelvic parameters, including C7 
SVA, thoracic kyphosis, and lumbar lordosis, did not dif-
fer significantly between women who delivered vaginally 
than in those who delivered by CS.

Discussion

In this study, we aimed to examine the relationship be-
tween the number of vaginal deliveries and spinopelvic 
parameters. We found that women who delivered vagi-
nally three or more times had the highest PIs among the 

three groups. Similarly, we demonstrated that women who 
delivered vaginally had higher PIs than did those who de-
livered by CS.

Multiparity has been reported as a predisposing factor 
for increasing PI–lumbar lordosis mismatch. Bailey et 
al. [12] reported that ligament laxity and biomechanical 
demands on the sacrum during pregnancy could change 
the PI. However, they did not find a significant difference 
in PI among groups classified according to parity. A pos-
sible explanation for this is that they could not determine 
the total number of vaginal and cesarean births. In that 
respect, our study shows the importance of evaluating the 
difference in PI according to vaginal delivery.

Vaughan [22] reported that the pelvic joints, including 
the sacroiliac joints and pubic symphysis, soften during 
pregnancy, and the true conjugate length increases by 0.5–1 
cm during vaginal delivery. Additionally, Borell and Fern-
strom [23] reported that forward nutation of the sacrum 
occurred, causing pelvic expansion and enabling the pas-
sage of the fetus into the birth canal during vaginal delivery. 
The forward nutation of the sacrum results in increased 
sacral slope; therefore, increased PI could be attributed to 
the number of vaginal deliveries, during which fetus load-
ing stress affects pelvis alignment, rather than the total 

Table 2. Demographic characteristics and spino-pelvic parameters in CS and 
VD subjects

Characteristic CS (n=18) VD (n=105) p-value

Demographic characteristics

Age (yr) 72.2±5.1 71.2±6.8 0.59

Body mass index (kg/m2) 23.7±3.7 22.1±3.2 0.12

Bone mineral density (%YAM) 68.7±11.1 72.9±13.4 0.16

Spino-pelvic parameters

Sagittal vertical axis (mm) 15.1±29.4 11.5±45.2 0.61

Thoracic kyphosis (°) 37.7±14.5 31.3±14.4 0.40

LL (°) 44.1±11.8 46.2±17.8 0.24

Sacral slope (°) 25.6±8.6 31.1±10.9 0.023

Pelvic tilt (°) 20.1±7.4 22.8±9.1 0.43

PI (°) 45.9±8.1 54.0±10.9 0.0012

PI–LL (°) 1.8±16.5   7.9±17.1 0.16

Patient reported outcomes

Oswestry Disability Index (%) 13.3±10.6 12.8±12.1 0.38

Values are presented as mean±standard deviation. Bold type is considered sta-
tistically significant.
CS, caesarian section; VD, vaginal delivery; YAM, young adult mean; LL, lumbar 
lordosis; PI, pelvic incidence.

Fig. 3. Representative pelvic incidence cases in each group: a 68-year-old 
woman without vaginal delivery (VD) (A); a 72-year-old woman with one vagi-
nal delivery (B); and a 71-year-old woman with three vaginal deliveries (C).

VD 0	 VD 1–2	 VD ≥3

A B C
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parity (Fig. 3). Of interest is that we similarly observed that 
women who delivered vaginally had higher PIs than did 
those who delivered by CS (Table 2). Because bony birth 
canal movements are less likely to occur during CS, the PI 
differences according to whether subjects had delivered 
vaginally or not are valid measurements. The proportion 
of patients who delivered by CS in this study (8.45%) is 
lower than the global incidence of CS delivery (31.2%) [24]. 
Furthermore, sacral slope, in this study, was observed to be 
steeper than that of another cohort in Japan [25]; a possible 
explanation for this difference might be that a steeper sacral 
slope is associated with a broader birth canal, which allows 
women to deliver vaginally more easily.

This study had several limitations. First, we did not 
collect information about the ages of the women during 
each pregnancy. The expansion of the true conjugate line 
is greatest in younger pregnant women because aging in-
creases the surface and number of ridges of the sacroiliac 
joint, which promotes interlocking and stability [5,26]. 
Therefore, it is uncertain whether women who give birth 
at a younger age eventually have a greater PI than those 
who deliver later in life. Second, we could not evaluate 
the effect of CS or at least one vaginal delivery on PI and 
sacral slope. Third, we could not determine whether a 
greater PI enables more efficient vaginal delivery. Thus, a 
longitudinal study would be needed to answer these ques-
tions adequately. However, our results provide informa-
tion regarding the association between vaginal delivery 
and PI, since the participants were age-matched and none 
had any history of vertebral fracture or abdominal sur-
gery.

Conclusions

Women who deliver vaginally have greater PIs than 
do women who deliver by CS. This is the first report 
demonstrating a correlation between vaginal deliv-
ery and PI.
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