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Abstract

Background: Recently, in approach to spinal pathologies, the whole spine should be considered as a biomechanical
unit. Studies have shown the great importance of sagittal and coronal balance and the relationship between the various
parts of spine together and pelvis. Former studies have shown a close relationship between spinopelvic parameters
and sagittal balance. A complete understanding of sagittal balance basics is needed to achieve the best outcome
and avoiding future complications after treatment of spinal deformities. In this study, the normal range of spinopelvic
parameters among healthy volunteers in Iran has been evaluated.

Methods: This cross-sectional study was conducted on healthy volunteers in 2017. The lateral whole-spine X-ray was
obtained under the standard conditions. Two spine surgeons measured the parameters including pelvic incidence,
pelvic tilt, sacral slope and lumbar lordosis.

Results: In this study 100 volunteers were studied; out of whom, 41 participants were male and the mean age was
47.5+11.7 years. The average pelvic incidence, pelvic tilt, and sacral slope were 51.5£10.9, 17.449.9, and 34.8+8.8
degrees, respectively. The pelvic tilt was significantly lower in women. It was found that with increasing age, the pelvic
incidence and pelvic tilt increases while lumbar lordosis decreases (P<0.05).

Conclusion: This study is the first study on the normal range of spinopelvic parameters in healthy individuals in Iran..
Our data showed that PT and PI-LL are significantly lower in women, while, PT, Pl and PI-LL increase and LL decreases
in older ages.

Level of evidence: I
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Introduction

transfer of force in the body (1). The degenerative

diseases of the spine affect the lumbosacral region

and require more invasive treatments during the lifetime

(2). The prevalence of adult spinal deformities is over
60% in asymptomatic people in elderly ages (3).

Pelvis and spine are static stabilizing factors in

maintaining the body balance in sagittal plane (4). Various

T hespineplaysanimportantroleinthemovementand
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studies have shown that sagittal imbalance causes back
pain and subsequent disability (5, 6). Sagittal alignment
is also indicated to be related to energy consumption in
the body (7).
Recently,thediagnosisandtreatmentofspinepathologies
has been based on sagittal balance parameters (1, 8). The
effect of spinopelvic balance and its morphology on the
diagnosis and treatment of degenerative or other types
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Figure 1. Representative drawings of spinopelvic parameters.
(A) PI stands for pelvic incidence; PT, pelvic tilt; SS, sacral slope;
SVA, sagittal vertical axis. (B) TK stands for thoracic kyphosis; LL,
lumbar lordosis.

of spondylolisthesis, adolescent idiopathic scoliosis, and
adult spinal deformities have been proven in previous
studies (9).

Studies have shown a close relationship between
the spinopelvic parameters and sagittal balance (10).
Standing lateral whole spine radiography is the gold
standard imaging to assess the spinopelvic parameters
(11). Lateral standing radiography is routinely performed
for patients with back pain or disability. This image
should include the upper plate of L1, sacral dome, and
both femoral heads (12).

Pelvic Incidence (PI) refers to the angle between the
line perpendicular to the midpoint of the sacral plateau
and the line from that point to the center of the femoral
head. This parameter is not position-dependent and
remains constant after puberty (13). Pelvic tilt (PT)
is the angel between the line that connects the center
of the sacral plateau to the femur head, and the line
perpendicular to the ground. Sacral slope is referred to
the angle between the sacral plateau and the horizontal
line. Lumbar lordosis is also referred to the angle
between the upper plate of L1 and the upper plateau of
sacrum [Figure 1] (13).

Given that spinal deformities are now diagnosed and
treated based on the spinopelvic parameters, knowing
the normal range of these parameters among healthy
people is very important. So far, various studies have
been carried out on the measurement of the normal
range of the spinopelvic parameters in different parts
of the world, and different results have been reported
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based on different populations (4). However, no study
has been conducted in Iran or even in the Middle East
till now. In this study, we investigated the normal range
of spinopelvic parameters among healthy volunteers in
[ran.

Materials and Methods

This cross-sectional study was conducted on healthy
volunteers in 2017. The study approved by the ethics
committee of Mashhad University of Medical Sciences
(#:IRRMUMS.MEDICAL.REC.1398.900). An informed
consent was obtained from all healthy volunteers in
the study.

The exclusion criteria were a history of brain or spinal
surgery, pregnancy, neurologic diseases such as cerebral
infarction or neuropathy, sensory or motor disorders,
orthopedic disease of the lower limb or hip, and having
low back pain. The volunteers’ demographic data
(age, gender, weight, and height) were collected in a
checklist before the volunteers undergo the whole-spine
radiography.

All radiographs were performed using a standard DR
system (Toshiba x-ray tube Digital Radiography X Ray
machine - DF-323H). Lateral whole spine radiographs with
inclusion of pelvis and both femoral heads were obtained
in standing position with the hands made into fists on the
clavicles and the knees and hips fully extended. A 30x90
cm vertical cassette was used. The distance from the
radiographic source to the film was about 2.5 m or more,
if possible. The tube was directed to the iliac crest. The
patient-tube distance during lateral lumbar radiography
was 0.8 m. The mean parameters were: 90 kV/100 mA s
and exposure time did not exceed 100 ms (6, 14). We used
one radiographer to reduce the error.

Then the radiographs were saved in the picture
archiving and communication system (PACS) for later
analysis. Two spine surgeons measured the parameters.
The inter-observer agreement (Kappa) was 0.78 and the
average was used in cases of different measurements.
The measurement of angles was done with RadiAnt
DICOM Viewer 4.2.1 for windows and the parameters
were recorded in the volunteers’ forms.

Data was analyzed using SPSS 23.0 for windows
(SPSS, IBM, Armonk, NY, USA). The quantitative data
were reported as the meanzstandard deviation (SD).
The independent sample t-test and Pearson’s test were
used for analytical results. P value less than 0.05 was
considered as statistically significant.

Results

In this study 100 volunteer were studied among whom
41 were male and 59 were female. The mean age, weight,
height, and body mass index (BMI) were 47.5%+11.7
years, 75.7+14.6 kg, 165.8+10.1 cm, and 27.5+4.7 kg/m?,
respectively [Table 1].

In order to examine the sagittal balance, C7 plump
line was used and, it was compared to the posterior
and superior corner of S1. In all cases, this distance was
within the normal range (<2cm). PI, PT and SS were
51.5°+10.9°,17.4°+9.9° and 34.8°+8.8°, respectively. Also
LL (L1-L5), LL (L1-S1), T5 thoracic kyphosis (T5TK) and
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Table 1. Demographic Data

Variable Gender Mean Std. Deviation
Total 47.46 11.69

Age (year) Male 48.46 11.42
Female 46.76 11.93
Total 75.73 14.57

Weight (kg) Male 81.19 2.35
Female 71.93 1.69
Total 165.80 10.07

Height (cm) Male 169.09 2.09
Female 163.52 0.78
Total 27.50 4.70

2

BMI (kg/m?) Male 28.44 0.71

Female 26.88 0.60

PI-LL was 37.7°+9.3°, 44.6°+9.8°, 34.0°£12.3°, 9.9°£5.7°,
respectively. [Table 2; Figure 2]

T-test showed that PT and PI-LL in women were
significantly lower (P=0.001 and P=0.006, respectively)
[Table 3].

Pearson’s test showed that with increasing age, PI, PT,
and PI-LL increase (P=0.002 r=0.303, P=0.021 r=0.230,
and P<0.001 r=0.424, respectively) and LL (L1-L5)
decreases (P<0.001 r=-0.412) significantly.

Increased height was significantly correlated to more
thoracic kyphosis (P=0.025 r=0.224). Also Pearson’s test
showed that PI, PT and PI-LL increase with increasing
weight (P=0.039 r=0.207, P=0.001 r=0.337 and P=0.007
r=0.268, respectively).

BMI also increases with PI, PT, and PI-LL, significantly.
(P=0.003 r=0.290, P=0.003 r=0.293 and P=0.006
r=0.271, respectively). No significant relationship was
found between other demographic data and spinopelvic
parameters.

Table 2. Spinopelvic Parameters

Variable Mean (degree) Std. Deviation
PI 51.48 10.92

PT 17.44 9.95

SS 34.85 11.87

LL (L1-L5) 37.75 9.27

LL (L1-S1) 44.64 9.85
TS5TK 34.04 12.30
PI-LL 9.89 5.66
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Figure 2. Spinopelvic Parameters. P, pelvic incidence; PT, pelvic
tilt; SS, sacral slope; TK stands for thoracic kyphosis; LL, lumbar
lordosis.

Discussion

In this study we tried to determine the normal range of
spinopelvic parameters. In a previous study, spinopelvic
parameters were correlated with quality of life (15).
Also, diagnosis and treatment of lumbosacral sagittal
imbalance are based on spinopelvic parameters. Due to
the lack of such study in Iran or even in the Middle East,
we performed the first investigation in this region. Our
data showed that PT and PI-LL are significantly lower in
women, while, PT, Pl and PI-LL increase and LL decreases
in older ages.

PI is clearly related to the pelvic shape and reaches
sustainability after maturation of the skeletal system that
is unique to each individual and this parameter is not
position-dependent. PI is angular measurement of the
anterior or posterior distance between sacral endplate
and hip joints. This angle also shows the load transmitted
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Table 3. Spinopelvic Parameters in terms of gender

Variable = Gender Mean (degree) Std.Deviation P value
Male 53.75 11.28
PI 0.083
Female 49.90 10.46
Male 21.69 11.40
PT <0.001
Female 14.48 7.61
Male 34.57 15.26
SS 0.84
Female 35.05 8.94
Male 37.84 8.52
LL 0.68
(L1-L5) Female 37.68 9.83
LL Male 44.15 10.50
0.934
(L1-51) Female 44.98 9.45
Male 35.37 9.81
TK 0.36
Female 33.11 13.77
Male 11.74 6.98
PI-LL 0.006
Female 8.60 4.13

to the sacral plateau. PI has a direct correlation
with the spinal balance (13, 16). So far, it has been
assumed that this angle remains constant as age rises,
while, a number of new studies have proven that PI
increases with the aging (17,18). However, according
to the previous reports, PI does not differ significantly
between males and females (19). The results from
previous studies have shown that the spinopelvic
parameters including PI clearly differ among different
ethnic groups (18).

PT represents the compensatory changes of the pelvis
relative to the overall changes in the spine. This angle
increases when the pelvic retroversion is increased. SS
measures the rotation of the sacral endplate relative
to the horizontal line and changes according to the
retroversion (16). In addition to the importance of the
normal range of these parameters, it is also important
to know the correlations between these parameters in
each person. For example, as the sagittal vertical axis
increases, the PI-LL increases compensatively (20).

So far, various studies have been conducted in different
populations to elucidate the normal range. In a meta-
analysis by Noshchenko et al. in 2017 including 17
studies, the pooled means and the optimal ranges were:

SPINOPELVIC PARAMETER OF IRANIANS

LL (L1-S1), 54.6°% LL (L1-L5), 37.0° pelvic incidence,
50.6°; sacral slope, 37.7°; pelvic tilt, 12.6°. The authors
declared that LL decreases with age as a result of
progressive disc degeneration. Also, PI has a significant
correlation with age (18).

A study by Chung et al. in 2017 stated that the use of
lateral lumbosacral radiographs has several advantages
over the whole-spine radiographs in examining the
spinopelvic parameters. These advantages include lack
of need for special film or chassis, reduced radiation
exposure, and easy procedure. Also, measurements
of spinopelvic parameters and LL on lateral
lumbosacral radiographs would be more reliable than
measurements obtained from the lateral whole-spine
radiographs (6).

Yukawa and colleagues in a study in 2016 showed that
a remarkable change of spinopelvic sagittal alignment
was seen from the 7th to the 8th decade in asymptomatic
subjects. They demonstrated a relatively large gender
difference in LL and PT (5).

On the other hand, a complete understanding of the
sagittal balance basics is needed to achieve the best
outcome and avoid future complications after treatment
of the spinal deformities. It has also been shown that
there is a direct relationship between thoracic kyphosis
and lumbar lordosis (21).

Garbossa et al. in 2014 conclude that spinal surgery is
not acceptable without knowing the global balance of the
spine and spinopelvic junction. The lack of information
and calculation of these parameters is associated with
the failure of the surgery and the persistence of the
symptoms (16).

In this study we tried to determine the normal range of
spinopelvic parameters.. Our data showed that PT and
PI-LL are significantly lower in women, while, PT, PI and
PI-LL increase and LL decreases in older ages.

Given that this study was conducted in this subject for
the first time in Iran, sagittal balance disorders in this
region can be better diagnosed and treated.
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