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Abstract
Purpose  To describe normal variations in sagittal spinal radiographic parameters over an interval period and establish physi-
ological norms and guidelines for which these images should be interpreted.
Methods  Data were prospectively collected from a continuous series of adult patients with first-episode mild low back 
pain presenting to a single institution. The sagittal parameters of two serial radiographic images taken 6-months apart were 
obtained with the EOS® slot scanner. Measured parameters include CL, TK, TL, LL, PI, PT, SS, and end and apical vertebrae. 
Chi-squared test and Wilcoxon Signed Rank test were used to compare categorical and continuous variables, respectively.
Results  Sixty patients with a total of 120 whole-body sagittal X-rays were analysed. Mean age was 52.1 years (SD 21.2). 
Mean interval between the first and second X-rays was 126.2 days (SD 47.2). Small variations (< 1°) occur for all except PT 
(1.2°), CL (1.2°), and SVA (2.9 cm). Pelvic tilt showed significant difference between two images (p = 0.035). Subgroup 
analysis based on the time interval between X-rays, and between the first and second X-rays, did not show significant dif-
ferences. Consistent findings were found for end and apical vertebrae of the thoracic and lumbar spine between the first and 
second X-rays for sagittal curve shapes.
Conclusions  Radiographic sagittal parameters vary between serial images and reflect dynamism in spinal balancing. SVA 
and PT are predisposed to the widest variation. SVA has the largest variation between individuals of low pelvic tilt. There-
fore, interpretation of these parameters should be patient specific and relies on trends rather than a one-time assessment.
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Introduction

Weight-bearing, lateral whole-body X-rays are increasingly 
performed for the evaluation of spinal deformity [1, 2]. 
This is made possible with the advent of EOS® slot scan-
ning technology which produces true-to-proportion and 
true-to-dimension images for the accurate assessment of 
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whole-body alignment [3]. Although a recent study showed 
the reproducibility of these images performed serially in 
patients with adolescent idiopathic scoliosis (AIS) [4], little 
is known of its reproducibility in adult patients.

Image reproducibility is dependent on several factors 
including (1) the condition of the patient, (2) the way that 
they were instructed to stand, and (3) the normal physiologi-
cal variations. Assuming that the first two factors are con-
trolled for, understanding of the physiological variations in 
sagittal spinal alignment is crucial when interpreting these 
images. Knowledge of these variations may influence that 
the way patients are managed [4–6].

Therefore, the aim of this study is to describe variations 
in sagittal spinal radiographic parameters within a relatively 
short period of 6 months, in adult patients with low back 
pain, using serial images obtained by the EOS slot scanner. 
This will establish reference norms and allow differentiation 
between patients that have progressive spinal deformity and 
those that do not.

Materials and methods

Study design

This was a longitudinal study which reviewed prospectively 
collected data looking at the variability of serial whole-body 
lateral radiographs in a continuous series of adult patients 
presenting with mild, low back pain from a single institution.

With reference to the previous similar studies which 
looked at radiographic alignment differences within the 
same individual [4, 7, 8], and a pilot data of 10 patients, a 
post hoc power analysis was performed with an alpha of 0.05 
and a beta of 80. To detect a clinically significant difference 
in SVA of 2 cm, lumbar lordosis (LL), and pelvic tilt of 5° 
each, a total of 60 patients were deemed necessary.

Approval by the local ethics board committee was 
obtained prior to commencing the study.

Patient cohort

The study recruited a continuous series of patients who 
presented with the first episode of mild low back pain 
[visual analogue scale (VAS) of < 3] which lasted less 
than 3 months. Patients who have had any previous spinal 
intervention or obvious spinal deformities, as well as those 
with clinical features that suggest a traumatic, infective, or 
malignant spine condition involving both bony or soft tissue 
structures were excluded for this study. Patients who have 
contraindications for radiographs due to proven or suspected 
pregnancy are also excluded from the study.

The choice of patients with mild low back pain instead of 
asymptomatic volunteers is twofold. First, it gives clinical 

relevance to the study. Second, we considered that it would 
not be ethical to perform serial imaging in asymptomatic 
volunteers just to observe variations in radiographic param-
eters. This careful choice of healthy individuals with mild 
low back pain (VAS < 3), therefore, reflects our best efforts 
to provide clinically useful information while minimising 
negative effects on the validity of the results. There should 
not be any new symptoms or signs between serial imaging.

Methodology

A detailed clinical assessment was conducted for all patients 
and pertinent information such as age and gender was col-
lected. In addition, each patient had two whole-body lat-
eral radiographs taken. Lateral imaging was repeated again 
within 6 months of follow-up for all patients based on clini-
cal protocol. The choice of this duration was also to reduce 
the likelihood of substantial progression of any existing 
spinal condition if present. A follow-up rate of 100% was 
achieved.

Radiographic examination

All imaging were performed using an EOS® slot scanner 
(EOS® imaging, Paris, France) [3], which obtains true-to-
proportion and true-to-dimension images in the lateral view.

Pictorial charts demonstrating how to stand (Fig. 1a) were 
available next to the EOS® machine to allow better stand-
ardization. This was further reinforced through standard-
ized verbal instructions given by the radiographer. Patients 
were instructed to “keep [their] eyes horizontal and look 
straight ahead, stand as straight as possible without leaning 
forwards or backwards, and touch [their] collar bones with 
[their] fingers”.

All images were taken by trained radiographers with more 
than 2 years of experience using EOS® technology. Radio-
graphs were then stored in the hospital’s server and accessed 
using Centricity Enterprise Web V3.0 (8.0.1400.128) (GE 
Medical Systems Information Technologies, Barrington, IL, 
USA) for measurement of spinal parameters.

Radiographic measurements

Sagittal radiographic parameters measured include cervical 
lordosis (CL), thoracic kyphosis (TK), thoracolumbar angle 
(TL), lumbar lordosis (LL), sagittal vertical axis (SVA), 
standard spinopelvic parameters—pelvic incidence (PI), 
pelvic tilt (PT), and sacral slope (SS), as well as end and 
apical vertebrae.

CL was measured by the Harrison posterior tangent 
method using C2 and C7. All other sagittal curves were 
measured using the Cobb method. TK was measured from 
the inferior endplate of C7 to the inferior endplate of T12. 
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TL was measured from the superior endplate of T11 to the 
inferior endplate of L2. LL was measured from the infe-
rior endplate of T12 to the superior endplate of S1. Sagit-
tal vertical axis (SVA) was recorded as the horizontal dis-
tance between the posterosuperior corner of S1 and the C7 
plumbline. End and apical vertebrae were taken as the most 
tilted and most horizontally displaced vertebrae on the sag-
ittal profile of each curve, respectively [9]. PI, PT, and SS 
were measured using the standard methods described in the 
literature [10].

A lateral radiograph on how spinal parameters—SVA 
(blue), T1–T12 (purple), TL (red), and LL (yellow) mark-
ings—were measured is shown in Fig. 1b. All measurements 
were made by two independent fellowship-trained, practising 
orthopaedic specialists and an average of their readings was 
recorded.

Statistical analyses

All categorical variables are described as frequencies with 
percentages and continuous variables as means with the 
standard deviations. Baseline characteristics of all patients 
are shown in Table 1. Statistical package for the social sci-
ences (SPSS) version 24.0 was used to analyse the data. 
Significance was set at p < 0.05 as per power calculation.

Comparisons between sagittal radiographic parameters 
were performed using the Chi-squared test and Wilcoxon 
Signed Rank test for categorical and continuous variables, 
respectively. Similar tests were repeated after stratification 
of patients into those who have had interval imaging less 
than 3 months apart versus those who had interval imaging 
more than 3 months apart, as well as between first and sec-
ond radiographs, to ascertain potential confounders.

Results

Sixty patients (28 males and 32 females) participated in the 
study and a total of 120 whole-body sagittal X-rays were 
analysed. Their mean age was 52.1 years (SD 21.2). The first 
and second X-rays were taken at a mean of 126.2 days (SD 
47.2) apart. All measurements achieved high inter- and intra-
class correlation coefficients of 0.95 and 0.98, respectively. 
Table 1 shows the baseline characteristics of all patients and 
X-rays taken. The mean pelvic incidence of this group was 
46.6° (SD 12.3) and their corresponding lumbar lordosis 
was 42.18° (SD 15.6). The mean values of SVA, PT, and T1 
slope were − 19 mm (SD 31.7), 18.26° (SD 9.1), and 22.85° 
(SD 10.4), respectively.

Collating the radiographic parameters, small variations 
(< 1°) occur for all except pelvic tilt (PT) (1.2°), C2–T1 
alignment (1.2°), and SVA (2.9 cm) (Table 2). When com-
paring the means of both X-rays, only pelvic tilt showed 
borderline significant difference between both images 
(p = 0.035). This was an isolated finding.

Fig. 1   Pictorial chart demonstrating how to stand, and the methods of 
measuring spinal parameters on images

Table 1   Patient characteristics in terms of demography and radio-
graphic parameters of the spine for all X-rays obtained

All angular measurements are in degrees (°) and distances in millime-
tres (mm)
SD standard deviation

Parameters All patients (N = 60) and radiographic param-
eters (n = 120 images)

Mean Range SD

SVA 19.0 − 67.1–93.9 31.7
CL 24.2 0.8–73 15.2
TK 33.3 1.4–78.5 16.7
TL 16.9 0.1–57.9 15.4
LL 42.2 8.5–80.1 15.6
SS 28.3 5.9–64.8 10.8
PT 18.3 − 7.9–40.7 9.1
PI 46.6 22.4–100.8 12.3
T1 slope 22.9 − 6.7–57.3 10.4
C2–C4 16.5 0.3–42.2 10.2
C4–T1 9.9 0–57.2 10.0
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Subgroup analysis based on the time interval between 
X-rays showed only borderline significance in SVA for 
patients with X-rays taken < 3 months apart (p = 0.056) 
and near significance in PT for patients with X-rays taken 
3–6 months apart (p = 0.085) (Table 3).

In terms of the sagittal curve shapes, consistent find-
ings were found for the end and apical vertebrae of the 
thoracic and lumbar spine between the first and second 
X-rays (Table 4).

Discussion

Health-related quality-of-life scores are closely influenced 
by sagittal spinal alignment (SVA) [11, 12]. Specifically, 
loss of normal alignment and consequentially body imbal-
ance result in poor patient reported outcomes scores (PROs) 
[11, 13–15]. This realisation has driven adult spinal deform-
ity corrective surgeries which are increasingly practised 
today [11, 14, 16–18]. The key radiographic parameters to 
restore include lumbar lordosis [17], which should match 
one’s unique pelvic incidence (PI) [10], and a normal SVA 
[17]. These results are often accompanied by a reduction 

Table 2   Radiographic 
measurements for the first and 
second X-rays with statistical 
comparison

All angular measurements are in degrees (°) and distances in millimetres (mm)
SD standard deviation

Parameters All patients (n = 60)

First X-ray Second X-ray p value

Mean Range SD Mean Range SD

SVA 20.5 − 35.5–92.8 29.7 17.6 − 67.1–93.9 33.8 0.379
CL 23.6 0.8–73.0 15.8 24.8 1.1–62.9 14.7 0.515
TK 33.6 1.4–78.5 17.9 33.0 5.4–70.3 15.5 0.519
TL 17.0 1.1–57.9 15.6 16.8 0.1–57.4 15.3 0.703
LL 42.5 8.7–79.4 16.0 41.8 8.5–80.1 15.3 0.823
SS 28.3 5.9–64.8 10.9 28.4 10.9–60.3 10.7 0.973
PT 18.9 − 4.6–36.9 9.5 17.7 − 7.9–40.7 8.8 0.035
PI 47.2 22.4–100.8 12.2 46.0 27.9–95.5 12.3 0.570
T1 slope 23.3 − 6.7–57.3 10.8 22.4 − 3.3–49.4 10.1 0.354
C2–C4 16.0 0.3–41.1 10.2 17.0 0.7–42.2 10.3 0.425
C4–T1 10.1 0.6–57.2 10.7 9.8 0.0–43.7 9.3 0.792

Table 3   Subgroup analysis 
based on the time interval 
between X-rays < 3 and 
3–6 months apart

All angular measurements are in degrees (°) and distances in millimetres (mm)
SD standard deviation

Parameters Group 1 (< 3 months) (n = 19) Group 2 (3–6 months) (n = 41)

First X-ray Second X-ray p value First X-ray Second X-ray p value

Mean SD Mean SD Mean SD Mean SD

SVA 23.7 29.2 12.4 30.5 0.056 19.0 30.2 20.0 35.3 0.802
CL 20.1 12.1 22.9 13.7 0.433 25.2 17.1 25.7 15.3 0.826
TK 31.1 15.7 31.6 15.7 0.650 34.8 18.9 33.7 15.6 0.361
TL 13.1 12.1 14.1 12.3 0.542 18.9 16.8 18.0 16.5 0.298
LL 48.3 14.2 46.5 14.1 0.946 40.0 16.2 39.7 15.5 0.811
SS 32.2 11.6 31.6 11.0 0.542 26.5 10.2 26.9 10.3 0.682
PT 17.8 9.7 16.4 9.3 0.234 19.3 9.4 18.3 8.6 0.085
PI 50.0 15.8 48.0 15.3 0.134 45.9 10.2 45.1 10.8 0.244
T1 slope 20.4 6.9 20.0 9.3 0.858 24.7 12.0 23.5 10.4 0.299
C2–C4 13.4 11.0 16.9 10.7 0.185 17.2 9.8 17.1 10.2 0.906
C4–T1 7.4 4.7 7.8 5.5 0.803 11.3 12.5 10.7 10.6 0.655
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in pelvic tilt [17] which reflects resolution of spinopelvic 
compensation [16].

The basis of sagittal deformity corrections has to rely on 
the accurate assessment of sagittal alignment, which is in 
turn dependent on good imaging and consistent patient pos-
turing. Recent studies have shown the possibility of postural 
variations in standing for patients with adolescent idiopathic 
scoliosis (AIS). These results suggest that similar inconsist-
encies may also occur in adult patients over a short span of 
time during serial imaging [4, 8]. It is, therefore, impor-
tant to establish reference norms for common radiographic 
sagittal parameters, such that appropriate clinical decisions 
can be based on. Large variations within each individual, 
if found, will prompt the need to rely on trends following 
multiple assessments rather than a single assessment.

Our study showed that small mean variations (< 1°) occur 
within individuals for all sagittal radiographic parameters 
with the exception of pelvic tilt (PT) (1.2°), C2–T1 align-
ment (1.2°), and SVA (2.9 cm). These findings highlight 
the reliability of imaging, but at the same time suggest the 
dynamic nature of PT and SVA. Standing sagittal balance 
is a dynamic, self-adjusting, and continuous process which 
involves various physiological mechanisms such as visual, 
vestibular, proprioception, and neuromuscular systems [19]. 
It is, therefore, not surprising to have inconsistent radio-
graphic parameter readings during radiograph snapshots. 
SVA being the final global marker of balance [11], cervical 
alignment being a highly variable parameter dependent on 
both caudal spine alignment and horizontal gaze [7], and PT 
being the most versatile mechanism in spinopelvic compen-
sation linked to the mobile hip joint, thus demonstrate the 
greatest variation [16, 20].

Compared to a similar study performed by Hey et al. [4] 
in patients with adolescent idiopathic scoliosis (AIS), this 
study did not show a predictable difference in radiographic 
parameters between the first and second X-rays performed 
serially. Hey et al. [4] mentioned that the second X-ray has 
a higher tendency to show a more negative SVA, larger TK, 
smaller LL, and higher PT, representing a form of relaxed 
standing posture. We believe that the differences could be 

due to two reasons: (1) the posture described by Hey et al. 
uses ligament to achieve balance while conserving energy; 
potential ligament laxity may predispose AIS patients to 
stand in this posture to achieve full ligament stretch which 
may not be seen in our population comprising normal indi-
viduals of all age groups and (2) most patients in the study 
by Hey et al. [4] had serial images performed 1 day apart; 
this may have conditioned the patients to stand in a more 
relaxed posture. In our study, images are performed within 
6 months apart. It is, therefore, unlikely for the second image 
to be confounded by the first image. Our subgroup analysis 
of patients with imaging performed 3 months apart also did 
not show any significant differences in these radiographic 
parameters.

Similar to coronal deformity, spinal alignment morphol-
ogy should be described based on curve magnitudes and 
forms. The assessment of sagittal profile of the spine should 
include end and apical vertebrae [8]. Under the Roussouly 
classification [21], different natural curve types have been 
shown. This ranges from type-1 curves which have a short 
lordotic segment and a more caudally located thoracolum-
bar inflexion points, to type-4 curves with a longer lordotic 
segment and more cranially located thoracolumbar inflex-
ion points. It has been proposed that correction of sagittal 
deformity should also consider these radiographic findings 
[8, 22]. In our study, no difference was found for the end and 
apical vertebrae between images.

Large standard deviations are observed in most of the 
radiographic parameters particularly SVA (mean = 19.0 mm, 
SD = 31.7 mm). In the presence of low PT (mean = 18.3°, 
SD = 9.1°) signifying a balanced spine [11], this suggests 
that normal SVA falls within a wide range [2, 11, 21, 23]. 
Coupled with the finding that SVA varies substantially within 
each individual (mean = 2.9 cm), treatment strategies based on 
SVA should be patient-specific and rely on readings at multiple 
timepoints. In fact, SVA has been shown to vary also with the 
patient’s activities such as after prolonged standing [1] or exer-
tion [24]. These phenomena reflect the importance of postural 
muscles in maintaining sagittal spinal imbalance [24] and may 

Table 4   Comparison of end and 
apical vertebrae between the 
first and second X-rays

Curve ends All patients (n = 60)

First X-ray Second X-ray p value

Thoracic kyphosis
 Proximal thoracic end vertebra T2 (C7–T5) T2 (T1–T5) 0.670
 Apical vertebra T8/T9 (T4–L1) T8 (T3–L1) 0.124

Thoracolumbar junction
 TL end vertebra L2 (T9–L3) L2 (T9–L3)  0.279

Lumbar lordosis
 Apical vertebra L4 (L1–L5/S1) L4 (L1–L5/S1) 0.205
 Distal lumbar end vertebra S1 (S1–S2) S1 (S1–S2) 0.500
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account for the variations in SVA and PT seen in different 
individuals during dynamic balancing.

There are several limitations to this study. First, the interval 
between serial X-rays ranges up to 6 months. This could allow, 
though unlikely, sufficient time for substantial degeneration to 
set. As such, only patients with no obvious spinal deformities 
are involved in the study. It may also be argued that patients’ 
symptoms may have changed during this period. However, 
we have attempted to address this issue by (1) including only 
patients with low back pain (VAS < 3), (2) ensuring that all 
patients were able to position themselves comfortably for 
both imaging processes, and (3) stratified analysis of patients 
with < 3 or 3–6 months of interval imaging. Second, the sam-
ple size is relatively small and may not be able to show a differ-
ence between the first and second X-rays. While several results 
showed borderline significance, they do not follow any known 
trends and are, therefore, more likely to be false positives. 
Moreover, the clinically observable differences in these param-
eters appear small, hence reducing their relevance. Future stud-
ies should be performed prospectively and on larger groups of 
patients to confirm our findings. The concepts derived from 
this study if applied to patients with true adult spinal deformity 
should also be done with caution.

In conclusion, this is the first study to compare serial whole-
body sagittal alignment images in adults taken using the EOS® 
Slot Scanning Technology, which represents the current gold 
standard modality [25]. Radiographic sagittal parameters 
vary between serial images, which are likely a reflection of 
the dynamism in spinal balancing. Of all parameters, SVA and 
PT are predisposed to the widest physiological variation. SVA 
is also shown to have the largest variation between individuals 
of low pelvic tilt suggesting a wide range of normality. Con-
sidering the aforementioned findings, interpretation of these 
parameters, if in doubt, should be patient-specific and rely on 
trends rather than a one-time assessment. The dynamism of the 
spine, which must be appreciated prior to spinal realignment 
surgeries, should also be investigated using snapshot images 
taken in key postures rather than relying on a single standing 
image.
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