Original paper
DOI: 10.5277/ABB-01362-2019-02

Acta of Bioengineering and Biomechanics
Vol. 21, No. 3, 2019

A prospective longitudinal comparison
of the sacral inclination angle in women between their early
and advanced pregnancy and 6-month postpartum follow-up

AGNIESZKA OPALA-BERDZIK'*, JOANNA CIESLINSKA-SWIDER', RAFAL GNAT?

! Institute of Physiotherapy and Health Sciences, The Jerzy Kukuczka Academy of Physical Education, Katowice, Poland.
2 Motion Analysis Laboratory, Department of Physiotherapy, The Jerzy Kukuczka Academy of Physical Education, Katowice, Poland.

Purpose: The impact of pregnancy on the anterior-posterior sacral orientation and its relation to lumbopelvic pain and weight gain
has not been fully recognized. This longitudinal study aimed to compare the sacral inclination angle in women between their early and
advanced pregnancy and at 6 months postpartum. The authors also searched for a correlation between the sacral inclination and lumbo-
pelvic pain, BMI and change in body mass. Methods: Thirteen healthy women participated in the study. Data were collected at 8—16 and
35-38 weeks of gestation, and at 27-31.5 postpartum weeks. At each session, the women’s sacral inclination angles were measured using
the Saunders digital inclinometer. Data were also collected on lumbopelvic pain, BMI and body mass gain/loss. Results: There was no
effect of the evaluation period on the sacral inclination (p > 0.05); however, various individual values of the sacral inclination in preg-
nancy and postpartum were noted. In advanced pregnancy, 61.5% of the women had recurrent pain in the lumbopelvic region. The sacral
inclination did not correlate with the lumbopelvic pain, BMI and body mass change (p > 0.05) in the pregnancy and postpartum periods.
Conclusions: Advanced pregnancy did not influence sacral inclination. However, individuals varied in their responses. Therefore, we
suggest that an individually-based physical therapy approach concerning proper posture during and after pregnancy should be empha-
sized. The sacral inclination had no impact on the occurrence of recurrent lumbopelvic pain. BMI and changes in body mass did not
influence the sacral inclination in advanced pregnancy and at 6 months postpartum.
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nant woman’s spinal alignment takes place mainly at
the level of the trunk by tilting her upper body back-
wards and increasing her lumbar lordosis and anterior

1. Introduction

A woman’s body has the ability to adapt to many
changes taking place during her pregnancy. One of
them is the adjustment of her posture to the increas-
ing uterine load. From a biomechanical perspective,
while standing a slight posterior tilt of the pregnant
woman’s body is necessary to withstand the in-
creased mass located in the anterior trunk area. Such
postural adaptation should reassure the proper loca-
tion of the body’s center of gravity in order to main-
tain optimal static stability and prevent the body from
excessive energy expenditure [18], [22], [23], [32]. It
is commonly assumed that the adjustment of the preg-

pelvic tilt. This assumption was confirmed by Franklin
and Conner-Kerr [6], Kouhkan et al. [12] and Whit-
come et al. [32], however, other studies reported no
alterations in the anterior-posterior lumbar and pelvic
position in advanced pregnancy [2], [3]. A tendency
for the flattening of the lumbar spine [18], [21] and
a large inter-individual variability in pregnant women’s
spinal inclinations were also noted [3], [18], [21].
Because of the lack of coherence in the results of the
above-mentioned studies, the problem of women’s
postural adaptation to pregnancy needs further in-
vestigation.
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A review of the literature has shown that less at-
tention was given to explore the influence of preg-
nancy on the inclination of the sacral bone in the sag-
ittal plane. The sacral inclination is related to pelvic
tilt and lumbar lordosis; however, it is an independent
measure [8], [29]. The increasing size and mass of the
uterus located in the pelvic (and later also in the ab-
dominal) cavity may have an impact on the inclination
of the sacrum. We have found only one study on the
sacral inclination in pregnant women. The study used
the Spinal Mouse device for the measurement and
showed non-significant differences between pregnant
and non-pregnant women with regard to this variable
[21]. Although the most accurate measurements of the
spinal column curvatures are made from radiographs,
during pregnancy the exposure to x-rays is contraindi-
cated. One of the reliable indirect methods to measure
the sacral inclination which can be safely performed
in pregnant women is the use of the Saunders digital
inclinometer [5], [10], [13]. To our knowledge, this
method has not been utilized in research concerning
the population of pregnant women so far.

The undertaken direction of research also relates
to the problem of lumbopelvic pain, which is a very
common complaint during pregnancy. It has been esti-
mated that up to 70% of pregnant women may suffer
from lumbopelvic pain [17], [31]. Depending on the
pain intensity they may experience difficulty or limi-
tations in performing daily activities [19], [31] and
deal with feelings of frustration, guilt, irritability and
upset at being unable to carry out their normal roles
[14]. Lumbopelvic pain may affect the women’s ability
to care for their children and cause frequent absences
from work, secondarily resulting in a socioeconomic
burden [1], [14]. It has been documented that an in-
creased BMI before and during pregnancy, multiparity,
history of hypermobility, physically demanding occu-
pations, low back pain or pelvic girdle pain before
pregnancy and during a previous pregnancy may be
related to the occurrence of lumbar and pelvic pain in
pregnancy [17], [30]. However, until now, it is unclear
whether changes in posture related to pregnancy may
trigger the lumbopelvic pain as well. Some studies
reported no relation between the pelvic or lumbar
inclinations and lower back pain [2], [6], while one
study demonstrated a positive correlation between
pelvic inclination and the subjective sensation of pain
in the lumbopelvic region in pregnant women [28].
Because the sacral bone forms the dorsal part of the
pelvic girdle and is directly connected both to the
pelvic bones and lumbar spine by soft tissue junc-
tions, it is important to seek out the relationship of
the sacral inclination with lumbopelvic pain in preg-

nant and postpartum women. Theoretically, the ante-
rior-posterior orientation of the sacrum may also be
related to gestational weight gain and BMI. In preg-
nancy, the lower trunk mass increase is the greatest,
compared to other body segments [11]. To our knowl-
edge, the influence of pregnancy on the sacral incli-
nation in relation to lumbopelvic pain, BMI and preg-
nancy-related changes in body mass has not been
investigated.

The primary aim of the study was to determine
whether women in advanced pregnancy demonstrated
an increased sacral inclination angle compared to that
in early pregnancy and at 6 months postpartum. The
secondary aim was to verify whether the sacral incli-
nation angle in the advanced pregnancy and postpar-
tum periods might have been related to the subjective
sensation of lumbopelvic pain, BMI and changes in
body mass.

2. Materials and methods

This study is a part of a project related to the lon-
gitudinal investigation of postural characteristics of
women during and after pregnancy, which was con-
ducted following the approval of the local Ethics
Committee.

Participants and procedure

The women were recruited for the study by obste-
tricians from antenatal clinics in the region of Upper
Silesia, Poland. For the purposes of the present study,
twenty healthy volunteers by their 16th week of unifetal
pregnancies (17 primigravida and 3 multigravida) were
enrolled. Exclusion criteria consisted of any condi-
tions considered by an obstetrician to indicate a high
risk pregnancy, as well as any musculoskeletal disabili-
ties, e.g., spinal or lower extremity pain/pathology (lum-
bopelvic pain only at the first appointment), neurologic
abnormalities and obesity. Multigravida subjects were
also excluded if they had a previous delivery within
one year before enrollment. The eligibility criteria
were confirmed by a physical examination and medi-
cal interview.

The women enrolled in the study reported for
testing at the Biomechanics Laboratory at the De-
partment of Human Motor Behavior at the Academy
of Physical Education in Katowice. The aim of the
study and the experimental procedures were explained
to all subjects, and a written informed consent was
obtained. The women were scheduled for three evalua-
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Table 1. Characteristics of 13 women during their early (P1) and advanced (P2) pregnancy
and at 6 months postpartum (PP)*

Evaluation period
[weeks]

Body mass
[ke]

Body height
[cm]

Pl 13.9+2.1 (8-16) 60.9 = 11.0 (44-79) 166.0 + 7.5 (150-177)
P2 36.3+0.9 (35-38) 72.5+ 10.4 (55-88)
PP 273+ 12(27-31.5) 61.9+ 11.3 (44-77)

* Data are shown as the means + standard deviations (ranges denoted in parentheses).

tion sessions: early pregnancy (by the 16th gestational
week), advanced pregnancy (between 5 and 2 weeks
before the due date) and 6 months postpartum. Six
women were unable to participate in the advanced
pregnancy session and one in the postpartum session.
The reasons for their absences were the following:
complications related to pregnancy (n = 4), delivery
prior to the scheduled visit (n = 2), and relocation
(n = 1). Therefore, only the data for the thirteen
women (11 primigravida and 2 multigravida) who
completed the study protocol were analyzed. At the
first data collection session, the mean = SD (range)
age of the women was 27.9 + 2.9 (23-33) years. The
characteristics of the subjects at the three sessions are
presented in Table 1.

Measurements

The sacral inclination angle was measured using
the Saunders digital inclinometer (Baseline Digital
Inclinometer, The Saunders Group Inc, Chaska, MN,
USA). This method showed good and high intra-rater
reliability in healthy individuals and in women diag-
nosed with osteoporosis of the spine [5], [13]. Ac-
cording to our pilot study performed on 12 healthy
non-pregnant women, the ICC;; was 0.91. The stan-
dard error of measurement was 0.92 degrees and the
smallest detectable difference was 2.55 degrees. All
measurements at each session were performed ac-
cording to the manufacturer’s instructions by the same
licensed physical therapist (10 years of experience).
For the measurements, clothing covering the back was
removed to ensure accurate identification of bony
landmarks and each woman was asked to stand erect
barefoot with her feet hip-width apart, knees straight,
arms by her sides, and with her hands facing inwards.
The sacral midpoint (laying on the median sacral crest
in the midline between the lower aspects of the poste-
rior superior iliac spines) was palpated and marked.
After landmarking, the inclinometer (its longer sur-
face) was placed on a flat horizontal surface and the
digital reading was set to zero degrees. Then, the incli-
nometer (its shorter surface) was placed at the sacral
midpoint and the angle was read and recorded (Fig. 1).

The measurement procedure was repeated three times
and the mean values of the three measurements were
used for the analysis. The measurement stayed in agree-
ment with the studies of anterior-posterior human spine
radiography defining the sacral inclination as the an-
gle between the vertical plane and the tangential line
to the sacral dorsum [8], [20] (Fig. 1).

Fig. 1. Left: measurement of the sacral inclination:

The Saunders digital inclinometer was placed at the sacral midpoint
in the midline between the lower aspects of the posterior
superior iliac spines (PSIS); the measurement was performed
without clothing covering the sacral bone area (not shown
in the photo). Right: a sacral bone sketched from a lateral
perspective and a schematic representation of the sacral
inclination (SI) — the angle between the vertical line (V)
and the tangential line to the sacral dorsum (T)

At the second and third visits the women were
asked about the occurrence of pain in the lumbopelvic
region within the previous 4 weeks. The location of
the subjective uni- or bilateral pain sensation in the
lower back area (between the levels of L1 and ischial
tuberosities) was verified by the physical therapist.
The women reporting pain were asked whether they
experienced it sometimes (recurrent pain) or constantly
(persistent pain). The occurrence of lumbopelvic pain
was calculated in percentages; however, to quantify the
pain, an ordinal scale was used: 0 — no pain, 1 — recur-
rent pain and 2 — persistent pain. The intensity of the
persistent pain was recorded based on the 1 to 10 scale
(1 — minimal, very light and 10 — maximal, difficult to
bear the pain).
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Body height was measured at the initial visit and
body mass was measured at each visit in order to cal-
culate BMI. Gains in body mass were calculated by
subtracting the early pregnancy body mass from the
advanced pregnancy body mass, and losses in body
mass were determined by subtracting the postpartum
body mass from the advanced pregnancy body mass.
Additionally, the gestational weight gain was calcu-
lated by subtracting the pre-pregnancy body mass
from the advanced pregnancy body mass (the partici-
pants reported their pre-pregnancy body mass at the
initial visit).

Statistical analysis

Friedman repeated measures analysis of variance
(ANOVA) by ranks was performed to determine the
effects of the three sessions (early and advanced
pregnancy and 6 months postpartum) on the sacral
inclination angle and BMI. When the results of the
Friedman ANOVA were significant, a Wilcoxon
signed-rank test was applied to compare the meas-
ures from the particular sessions. The Wilcoxon test
was also used to compare the gain in body mass from
early to advanced pregnancy with the loss in body
mass from advanced pregnancy to 6 months post-
partum. Spearman’s rank correlation coefficient test
was used to determine whether the sacral inclina-
tion correlated with lumbopelvic pain, BMI and
changes in body mass in the advanced pregnancy
and 6 months postpartum periods. The level of sig-
nificance was set at P < 0.05. Analyses were per-
formed using the Statistica 13.1 software (StatSoft,
Inc., Tulsa, OK USA).

3. Results

The Friedman ANOVA showed the non-significant
effect of the evaluation period on the sacral inclination
angle (p = 0.75). The analysis showed the significant
effect of the evaluation period on the women’s BMI
(p = 0.00009). The Wilcoxon test demonstrated that
the BMI significantly increased from early to advanced
pregnancy (p = 0.001) and decreased from advanced
pregnancy to 6 months postpartum (p = 0.002). There
was a non-significant difference between early preg-
nancy and 6 months postpartum BMI (p = 0.17). The
Wilcoxon test also showed a non-significant dif-
ference between the gain in body mass from early
to advanced pregnancy and loss in body mass from
advanced pregnancy to 6 months postpartum period
(p=0.23; Table 2).

To verify what percentage of women experienced
either no change, a decrease or an increase of the
sacral inclination angle between the evaluation ses-
sions, we took into account the smallest detectable
difference of 2.55° found in our pilot study. There-
fore, the 3° or less between-session difference in the
magnitude of the angle was considered as no change.
Of the 13 women in the advanced pregnancy period,
8 (61.5%) had an unchanged, 3°(23.1%) increased and
2 (15.4%) decreased sacral inclination angle com-
pared to that in the early pregnancy period. At the
6-month postpartum follow-up, 6 women (46%) demon-
strated no change, 4 (30.8%) a decrease and 3 (23.1%)
an increase in the sacral inclination angle compared to
that in the advanced pregnancy period. At 6 months

Table 2. The sacral inclination angle, lumbopelvic pain occurrence and body mass index (BMI)
in 13 women in their early (P1) and advanced (P2) pregnancy and at 6 months postpartum (PP)
as well as the women’s body mass change (gain from P1 to P2 and loss from P2 to PP)
and gestational weight gain (from pre-pregnancy to P2)*

Measure P1 P2 PP
Sacral inclination [°] 163+5.5 16.8 £3.8 16.5+4.6
(7-27) (10-22) (10-27)
Lumbopelvic pain 0% 61.5% 38.5%
BMI** 219+2.4 262+1.9 223+2.6
(18.6-26) (23.2-29.1) (18.6-26.6)

Body mass change [kg]

P2-Pl=11.6+32
(7-18)

P2 - PP=10.6+4.0
(-1-15)

Gestational weight gain [kg]

P2 — pre-pregnancy =
12.7£3.5 (6-20)

* Data are shown as the means+standard deviations (ranges denoted in parentheses), except for the occurrence of lum-

bopelvic pain which is shown as a percentage.

** Significant increase from P1 to P2 (p = 0.001) and decrease from P2 to PP (p = 0.002); Wilcoxon signed-rank tests;

Friedman ANOVA: p = 0.00009).
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postpartum, 5 women (38.5%) demonstrated no change,
4 (30.8%) a decrease and 4 (30.8%) an increase in the
sacral inclination compared to that in the early preg-
nancy period (Fig. 2).

10 = o ampe e

Sacral inclination (°)
=
w

P1 P2 PP
Evaluation period

Fig. 2. Individual values of the sacral inclination angles in degrees
for 13 women at three test sessions: P1: early pregnancy,
P2: advanced pregnancy, PP: 6 months postpartum
(each line is drawn between the three points representing
the three angular values for the particular subject)

Of the 13 women, 8 (61.5%) reported recurrent
and none (0%) persistent lumbopelvic pain in the
advanced pregnancy period. At 6 months postpartum,
4 women (30.8%) complained of recurrent and 1 (7.7%)
of persistent pain in the lumbopelvic region (Table 2).
Spearman’s test showed the non-significant correla-
tion of the sacral inclination with lumbopelvic pain in
the advanced pregnancy and at 6 months postpartum.
Because only one woman complained of persistent
lumbopelvic pain (with an intensity described as 3),
the pain intensity could not be used as a measure to be
analyzed in this study.

Spearman’s test showed the non-significant corre-
lation of BMI values with the sacral inclination angle
values in the advanced pregnancy and 6-month post-
partum periods (p > 0.05). Gains in body mass from
early to advanced pregnancy did not correlate with the
advanced pregnancy sacral inclination as well as losses
in body mass from the advanced pregnancy to 6-month
postpartum period did not correlate with the postpar-
tum sacral inclination (p > 0.05).

4. Discussion

The primary objective of the present study was to
compare the magnitude of the sacral inclination angle
measured with the Saunders digital inclinometer in
women between their early and advanced pregnancy

periods and their 6-month postpartum follow-up. We
hypothesized that the women would demonstrate an
increased sacral inclination angle in advanced preg-
nancy compared to that in early pregnancy and the
postpartum periods. However, this study suggests no
effect of advanced pregnancy on the sacral inclination.
Concomitantly, individual values of the sacral incli-
nation in women during their three test sessions indi-
cate various postural responses. These results may
suggest that a posterior body tilt in reaction to the
increased load in the anterior abdominal area in some
pregnant women does not take place in the lumbosac-
ral region. An observational case study conducted
many years ago indicated that the major counterbal-
ancing postural adjustments accompanying the pro-
gression of pregnancy concerned the elevation of the
head, extension of the cervical spine, stabilization of
the knee joints and increase in ankle extension [7]. It
is possible that a woman’s individual pre-pregnancy
sagittal plane body alignment determines her individ-
ual postural adaptation to pregnancy.

The observed non-significant effect of advanced
pregnancy on the sacral inclination in the present
sample is in accordance with two recent studies re-
porting no alterations in the anterior-posterior lumbar
and pelvic positions between early and advanced
pregnancy and the postpartum period [2], [3]. In con-
trast, other studies suggested a tendency for the flat-
tening of the lumbar spine [18], [21] or a significant
increase in the depth of lumbar lordosis and anterior
pelvic tilt in pregnancy [6], [12], [32]. A thorough
comparison of the present results to the other studies
is difficult because different parameters were assessed
as well as different measurement tools and protocols
were employed. To our knowledge, the study by
Okanishi et al. [21] was the only one to evaluate sac-
ral inclination in pregnancy. In that study, a group of
15 pregnant women between 17-34 weeks of gesta-
tion was compared to 10 non-pregnant controls. The
study showed a tendency for sacral posterior inclina-
tion in the pregnant women, compared to that of the
controls, and it reported that from among 15 pregnant
women, 11 demonstrated a sacral posterior inclina-
tion. However, the authors correctly pointed out that
the postural characteristics of the pregnant women
might have been influenced by their individual ante-
rior-posterior spinal alignment before pregnancy and
that the difference in their sacral inclination, com-
pared to that of the non-pregnant women, could have
been not only an effect of pregnancy. Indeed, the re-
sults of the case-control studies comparing a small
number of pregnant and non-pregnant women may be
more questionable because of the large inter-individual
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spinal alignment differences in healthy subjects [8],
[16]. In this light, we may emphasize the important
advantages of the present study: its longitudinal char-
acter starting from the early stage of pregnancy and
reaching as far as 6 months postpartum.

The between-session comparison of individual
values of the sacral inclination angle in the present
study indicates that in about half of the participants,
the sacral inclination did not change and in the re-
maining it either increased or decreased from early to
the advanced pregnancy. This may suggest various ways
of adaptation for the sacral orientation in the sagittal
plane to pregnancy. Similar observations were made by
others, based on the assessment of women’s sagittal
plane lumbar spine and pelvic position in deferent stages
of pregnancy and postpartum [3], [18]. Such findings
indicate that a physical therapy approach concerning
proper posture in pregnancy should be specific to
women’s individual postural behavior. General posture-
correcting exercise regimens aiming to decrease lumbar
lordosis and anterior pelvic tilt may, therefore, not be
appropriate for some of pregnant women.

Interestingly, in the present study, about half of the
women at 6 months postpartum also demonstrated
a different (increased or decreased) sacral inclination
angle compared to that in their early pregnancy. It is
possible that the changed sacral orientation in some
women after delivery is predisposed by persisting
pregnancy-related soft tissue laxity [24] and abdominal
muscle weakness [4]. Therefore, even a few months
postpartum women may benefit from a posture evalua-
tion and require individually-based instructions and
therapeutic exercises to improve their posture.

Of the 13 women in the present study, 8 (61.5%)
complained of lumbopelvic pain in advanced preg-
nancy and 5 (38.5%) postpartum. The reported pain
was recurrent, except for one woman who had persis-
tent pain of a low intensity postpartum. The study
results indicate that lumbopelvic pain was not related
to the magnitude of the sacral inclination neither in
the advanced pregnancy stage nor at 6 months post-
partum. This may suggest that the pain in the lumbo-
pelvic region could have rather been related to other
factors not assessed in the present study, such as in-
creased erector spinae activation in pregnancy [3], the
low endurance of the back flexors [9] or the increased
motion of the pelvic girdle joints in the perinatal pe-
riod [15]. The presented results are in accordance with
some studies reporting that the lumbar curvatures or
sagittal pelvic tilt were not related to back pain in preg-
nant women [2], [6]. However, Tlapakova et al. [28]
demonstrated a positive relationship between the pel-
vic inclination of pregnant women and lower back pain.

The present study and the above-mentioned studies
engaged a relatively small sample of subjects. How-
ever, Ostgaard et al. [25] searched for the influence of
some biomechanical factors on the occurrence of low
back pain in 855 pregnant women. The authors re-
ported a weak correlation of the depth of the lumbar
lordosis with back pain and they concluded that the
occurrence of back pain during pregnancy could not
be explained primarily by biomechanical factors.

In pregnancy, the rate of segment mass increase is
the greatest at the lower trunk level, and it is expected
to influence posture [11], therefore, in the present
study we hypothesized that BMI and the change of
body mass in the perinatal period might have an im-
pact on the sacral inclination. However, no correlation
of the sacral inclination with BMI in the advanced
pregnancy stage and at 6 moths postpartum were ob-
served. Furthermore, the change in body mass did not
correlate with the sagittal plane sacral orientation.
When recruiting women to the present study in their
early pregnancy period, obesity was an exclusion cri-
terion because it could have been an additional factor
influencing posture. The gestational weight gain in
most cases (except for two women) did not exceed the
values of the recommended weight gain in pregnancy
[26]. Additionally, the women demonstrated a similar
loss in body mass after pregnancy, compared to their
body mass increase during pregnancy. We suppose
that because of the relatively small inter-individual
differences in the body mass change and the advanced
pregnancy and postpartum BMI in the present study
sample, the relationship between these factors and the
sacral inclination was not detected. Concomitantly, it
should also be considered that an increased body mass
in pregnancy is not fully related to an increased uter-
ine load. During pregnancy, the increased body mass
also consists of the increased size of the breasts, blood
volume or amount of fat tissue located in other parts
of the body. However, this study suggests that the
perinatal body mass change of non-obese women did
not have an impact on their sacral inclination. Simi-
larly, no correlation was found between the lumbar
lordosis angle and body mass in the pregnancy and
postpartum periods [27].

The findings herein should be considered with
caution because of the relatively small sample size of
the study. Another weakness of this investigation may
be the fact that the first test session concerned women
up to 16 weeks of gestation. To consider the first
measurement of the sacral inclination as a control for
the following sessions, it would be more appropriate
to enroll women in the very early stages of pregnancy,
such as up to 8 weeks. However, it is very difficult to
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recruit women for this kind of study in their first weeks
of pregnancy. Our results may only refer to non-obese
women with uncomplicated pregnancies and recurrent
lumbopelvic pain.

5. Conclusions

There was no effect of advanced pregnancy on
sacral inclination; however, individual values of the
sacral inclination in pregnancy and at 6 months post-
partum indicate various postural responses to preg-
nancy. Based on the present findings, we suggest that
the physical therapy approach concerning proper pos-
ture in the pregnancy and postpartum periods should be
specific to a woman’s individual postural behavior. The
sacral inclination had no impact on the occurrence of
recurrent lumbopelvic pain in the advanced pregnancy
stage and at 6 months postpartum. BMI and the change
in body mass did not influence the sacral inclination of
the women in their perinatal period.
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