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Abstract

Purpose Aim of the study was to verify the accuracy of rasterstereography (RST), as radiation-free alternative to plain
radiography (RAD) in the monitoring of spine deformity and scoliosis progression in juvenile and adolescent subjects with
idiopathic scoliosis.

Methods 192 subjects underwent RST (by Formetric 4D device) and low-dose RAD (EOS Imaging, France) in the same
session. A sub-group of 30 subjects, selected for conservative treatment with corrective bracing, was assessed at 6-months
follow-up. The Cobb angles (CA) obtained by the 3D spine reconstruction from RAD were compared with those provided
by RST. Thoracic kyphosis (TK) and lumbar lordosis (LL) were compared as well.

Results RST provided lower CA compared to RAD (15° vs. 33°, mean values). The average difference in measuring CA
was 18°, and the correlation coefficient was 0.55. Comparable TK was observed, whereas LL resulted underestimated by
RST compared to RAD (34° vs. 43°, average values). The within-subjects correlation, measuring the accuracy of RST in
monitoring the scoliosis progression, was 0.3. Accuracy of RST in identifying increased or decreased CA was 67%. Sensi-
tivity and specificity were 64% and 69%.

Conclusions RST demonstrated moderate accuracy in measuring the scoliosis degree and low accuracy in monitoring the
curve progression. Accordingly, it cannot be considered as a valid alternative to radiographic evaluation. However, since
demonstrated capable of revealing the presence of spine deformity, it could be in principle considered for the early screening
in large adolescent populations, but after accounting for a cost-benefit analysis with respect to other traditional approaches.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.
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Electronic supplementary material The online version of this . L . L
article (https://doi.org/10.1007/500586-018-05876-0) contains Juvenile and adolescent idiopathic scoliosis (JIS and AIS)
supplementary material, which is available to authorized users. are a three-dimensional deformity of the spine with preva-

lence between 1 and 3%, most frequently in females [1-3].
Extended author information available on the last page of the article
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At present, the diagnosis is based on the clinical evaluation
and on confirmation by the radiological examination [4-6].
Monitoring the progression of scoliosis can require frequent
radiological assessments, with consequent risks associated
with the radiological exposure in pubertal growth [7-10].

Although a lower-dose solution (the EOS Imaging Sys-
tem, EOS Imaging, Paris, France) has been recently devel-
oped [11-13], the possibility of exploiting radiation-free
methods to monitor scoliosis and its progression would rep-
resent an advantage. A number of systems based on back
surface topography have been developed as noninvasive
alternative to plain radiography [14, 15], e.g., Moire projec-
tion [16, 17], laser scanner [18, 19], electromagnetic topog-
raphy [20], ultrasound imaging [21, 22], and rasterstereog-
raphy [8, 23-29]. Being based on the monitoring of the back
surface, these systems provide an indirect measurement of
spine deformity. Not characterizing the internal spine shape,
such techniques cannot in principle allow to diagnose the
scoliosis degree. However, they may be potentially exploited
as economic and fast methods in the early screening for the
presence of spine deformity.

To this regard, rasterstereography (RST) has increas-
ingly become a viable option. Exploiting a structured light,
it allows for an approximate 3D image of the spine shape. In
particular, the Formetric 4D is a rasterstereographic medi-
cal device regularly used in some centers to evaluate the
spine deformities in adolescents [30]. Over the last years,
Formetric 4D is attempting to gain a widespread approval
as radiation-free alternative. Encouraging results have been
reported in terms of reliability (the overall consistency of a
measure) [31-33] and validity (the extent to which a con-
clusion corresponds accurately to the reality) [30, 34-37].

However, the works devised to assess validity held some
limitations. A small or moderate number of subjects were
evaluated in some cases [35, 36]. In another study [34] the
ability of the device in recognizing scoliosis was assessed by
comparing the scoliosis angle, which is provided automati-
cally and calculated as the maximum angle found between
all the vertebral pairs, with the Cobb angle identified by
a clinician from radiographic examination. This limitation
implies that the compared angles can describe scoliotic
curves characterized by different end vertebrae. Moreover,
the device provides only one scoliosis angle, but more than
one scoliotic curve can be identified from the radiological
evaluation. The study which accounted for the largest popu-
lation (193 subjects recruited in seven different institutes)
did not report an exhaustive explanation about which scolio-
sis angles were compared between Formetric 4D and radio-
graphs [30]. Only one work evaluated the device in monitor-
ing the scoliosis progression over time [37]. However, in this
case, the validity of the device was assessed by comparing
the lateral vertebral deviation of the reconstructed spine,
and not the Cobb angles characterizing the actual scoliotic

curves. An accurate evaluation is thus required to verify the
use of Formetric 4D as RST alternative to the radiological
examination (RAD) and/or as method for the early screening
of spine deformity (allowing, for example, to easily monitor
large adolescent populations in school context).

The present work is aimed to evaluate the accuracy of
RST in monitoring the scoliosis degree (measured by Cobb
angle) and the sagittal anatomical parameters (i.e., thoracic
kyphosis and lumbar lordosis) in JIS and AIS subjects.
Accounting for a large cohort of 200 individuals, the study
compares (via correlation and Bland—Altman analyses)
Cobb angles and parameters obtained by low-dose RAD
(EOS system) with those calculated by RST (Formetric 4D).
In particular, analogous Cobb angles, i.e., measured between
the same proximal and distal vertebrae, are compared. Fur-
thermore, the scoliosis degree of a sub-group of subjects
is evaluated in the follow-up period in order to assess the
efficacy of RST in monitoring the progression of the curve
over time.

Methods
Experimental protocol

A group of 200 JIS and AIS subjects was evaluated in the
period 2014-2016 at a third-level hospital IRCCS Istituto
Ortopedico Galeazzi, Milan, Italy). The sample size was
determined to satisfy the statistical requirements (see the
corresponding paragraph below) and to be comparable with
the largest number of subjects (193 individuals) evaluated in
previous studies devised to assess RST [30]. The enrollment
was designed on a 3-year basis, by accounting for the num-
ber of expected visits performed per year at the institute and
a rate of refuse to participate about 20% (based on the expe-
rience of previous enrollments with similar populations).
The participation in the study was proposed on the occasion
of the orthopedic visit for scoliosis or suspected scoliosis, to
all subjects planned for radiographic examination and fulfill-
ing the inclusion criteria: age ranging from 8 to 18 years,
condition of scoliosis identified if the angle of trunk rota-
tion, measured with scoliometer, exceeded 5°. Both surgical
and conservative treatment settings were taken into account.
The exclusion criteria were the followings: other concomi-
tant vertebral deformities, secondary scoliosis due to neu-
ropathic and myopathic conditions, congenital or infantile
scoliosis, obesity, pregnancy. Subject assent and parental
permission to participate in the study and use anonymized
data were given by signing an informed consent. The study
was approved by the local Ethical Committee.

Each subject underwent, in the same session, low-dose
biplanar RAD and RST.
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RAD Digitized radiographic images of the thoracolumbar
spine and pelvis were simultaneously acquired in the coronal
and sagittal planes (Fig. 1a, b) with the EOS system. The
subjects were evaluated in orthostatic position with arms
flexed and fingertips on cheekbones. The images pair was
processed by an experienced orthopedist through sterEOS
software (EOS Imaging, Paris, France), allowing to identify
the scoliotic curves (characterized by Cobb angles > 10°)
and providing the 3D spine reconstruction (Fig. 1c, d). The
following parameters were extracted for each subject: (1)
number of scoliotic curves and related Cobb angle (CA); (2)
thoracic kyphosis T1-T12 (TK); (3) lumbar lordosis L1-L5
(LL).

RST Surface topography was performed with Formetric
4D device (DIERS Biomedical Solutions, Schlangenbad,
Germany). The subjects were evaluated in orthostatic posi-
tion with arms relaxed (Fig. 2a). After the acquisition, TK
(named as ‘Thoracic kyphosis angle VP-T12’ in the outputs)
and LL (named as ‘Lumbar lordosis angle T12-DM’) were
automatically provided by the system (software DiCAM v.
5.2.10). VP and DM landmarks indicate the vertebra prom-
inens and the middle point between the sacral dimples,
respectively (Fig. 2d). Differently from RAD, the identifi-
cation of the end vertebrae of the scoliotic curves and of
the related CA was not allowed. Only the output named as
‘Scoliosis angle,” calculated as the maximum angle found
between all the vertebral pairs, is automatically provided.

However, the device allows to obtain any CA by user inter-
vention, by manually selecting the appropriate end verte-
brae in the reconstructed spine model (Fig. 2b), replicating
the scoliotic curves previously identified by RAD (Fig. 1c).
Since Formetric 4D reconstructs the spine model from C7 to
L4 neglecting L5 (Fig. 2b), the curves identified by RAD as
lower limited at L5 were then processed in RST by restrict-
ing them to L4.

Follow-up evaluation

A sub-group of 30 subjects, identified by RAD as ‘scoliotic’
(one or two curves, with CA <40°) and selected for con-
servative treatment with corrective bracing, was assessed
6 months after the first examination session, in concomi-
tance with the planned clinical and radiological evaluation
of the scoliosis progression. During this second session,
RAD and RST were consecutively performed. The CA of
the scoliotic curve which had been identified in the first ses-
sion (the primary one in case of two curves) was measured
anew, i.e., the end vertebrae of the curve were the same as
in the first session.

Study endpoints

The accuracy of RST in identifying the scoliosis degree
was evaluated by assessing the correlation coefficient, r,

RAD: radiographic images and 3D reconstruction

Fig. 1 Spine model reconstruction performed through RAD for a
13-year-old female subject. a, b Pictures depict the frontal and lateral
radiographic images simultaneously acquired with the EOS system.
¢, d Pictures depict the corresponding 3D spine model. The blue and
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TK=57°
(T1-T12)

the yellow vertebrae interpret the limits and the apex of the scoliotic
curve, respectively. The Cobb angle (CA=33°), in (¢), and the ana-
tomical parameters (TK and LL), in (d), are reported as well
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RST: rasterstereography and spine reconstruction

Fig.2 Spine model reconstruction performed through RST (Formet-
ric 4D) for the 13-year-old female subject presented in Fig. 1. a Pic-
ture shows the image of the back surface acquired with RST, with the
spine model overlaid. b Picture reports the spine model and the Cobb
angle (CA=17°) obtained in correspondence of the scoliotic curve

between the CA obtained, respectively, by RAD and RST.
The accuracy of RST in measuring the sagittal parameters
was checked by assessing the correlation about TK and LL.
The differences were evaluated considering all subjects and
differentiating between those subjects identified by RAD
as ‘scoliotic’ (one or two curves) and ‘not scoliotic’ (zero
curves). The Bland—Altman plots were evaluated as well.

In the follow-up evaluation, the accuracy of RST in meas-
uring the progression of scoliosis in comparison with RAD
was assessed by the within-subjects correlation coefficient,
ry» of the CA parameter. Accounting for the repeated obser-
vations factor, r, allows verifying the agreement between
RST and RAD in measuring the difference in the CA val-
ues obtained in the first acquisition session (baseline) and
at the follow-up. More specifically, r,, quantifies whether an
increase (or decrease) in the CA measured by RST within
the individual is associated with an increase (or decrease) in
that measured by RAD [38].

Statistical analysis

The r coefficient was computed according to Pearson cor-
relation, or Spearman rank correlation in case that a normal
distribution was not achieved. Both coefficients range from
—1 to 1, where 0 indicates null linear correlation and — 1
and 1 indicate full negative and positive linear correlations,
respectively. Statistical significance of the coefficients was

T12

LL=47°
% (T12-DM)

—~— DM

previously identified through RAD (see Fig. 1 for comparison). ¢, d
Pictures depict the corresponding 3D spine model. The VP and DM
landmarks, in (d), indicate, respectively, the vertebra prominens and
the middle point between the sacral dimples, used to compute TK and
LL

tested according to two-tailed ¢ test or permutation distri-
bution test assessing Pearson and Spearman coefficients,
respectively. The computation of r,, (ranging likewise r) and
the testing of the statistical significance were performed as
described by Bland and Altman [38]. The total sample size
(200 subjects) and that accounted for in the follow-up evalu-
ation (30 subjects) were verified to guarantee identifying as
significantly different from zero, a correlation value larger
than 0.5 (i.e., moderate correlation), by 7 test at 0.05 level
alpha and power 90% (G * Power software, Universitat Dus-
seldorf, Germany).

The difference in the mean values between female and
male groups was assessed according to two-sample ¢ test or
Wilkoxon rank sum test. The difference in the proportion
of the number of subjects in the gender groups was tested
via chi-square or Fisher exact test where necessary. All the
tests assumed 0.05 as significance level. The analyses were
performed in MATLAB software (MathWorks Inc., Natick,
MA).

Results
Eight subjects in 200 were excluded from the analyses
because considered as dropout (i.e., in five cases, the femo-

ral heads were inadvertently neglected in the radiographic
scan, thus not allowing the 3D spine reconstruction, two
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Table 1 Values describing population and distribution of scoliotic
curves within the subjects (measured by RAD), considering all sub-
jects and distinguishing between females (F) and males (M)

All F M
Population
Number of subjects 192 160 (83%) 32 (17%)
Age (years) 13+2 13+2 14+3

Distribution of scoliotic curves within the subjects
Number of scoliotic curves

0 38 (20%) 28 (18%) 10 31%)

1 26 (14%) 20 (13%) 6 (19%)

2 128 (67%) 112 (70%) 16 (50%)*
Subjects with severe 47 (24%) 44 (28%) 3 (9%)*

scoliosis (CA >40°)

Values expressed as mean+SD or number of subjects (and percent-
age with respect to total)

*Significant difference between the F and M groups

Table 2 Cobb angle (CA), thoracic kyphosis (TK), and lumbar lordo-
sis (LL) measured with RAD and RST, and difference between them,
expressed as mean+ SD

CA TK LL
RAD 33°+15° 36°+15° 43°+12°
RST 15°+11°* 37°+11° 34°+10°*
RAD minus RST 18°+11° —-1°+11° 10°x11°

Correlation RAD-RST

All subjects - 0.70* 0.51%
Scoliotic 0.55" 0.56" 0.51%
Not scoliotic - 0.71* 0.51%

In the lower section: the correlation coefficients computed between
RAD and RST, considering all the subjects and differentiating
between scoliotic (one or two curves identified by RAD) and not sco-
liotic (zero curves)

*Significant difference between RAD and RST for the considered
parameter

#Correlation value statistically different from zero

subjects resulted out of age range at the scanning time, and
one subject exhibited congenital scoliosis). Accordingly,
192 subjects (160 females and 32 males) were analyzed.
Female and male groups showed comparable mean age (13
and 14 years, respectively, Table 1). Scoliosis was found
generally more severe in females. Indeed, the percentages of
female subjects with two curves (70%) and CA >40° (28%)
were found statistically larger (»p =0.05 in both cases) than
that of males (50% and 9%, respectively, Table 1).
Regarding the accuracy of RST in measuring the scolio-
sis degree, RST provided significant (p <0.001) lower CA
values (15°+ 11° as mean + SD, Table 2) in comparison
with RAD (33° £ 15°). The average difference in measur-
ing CA was 18°+11°. The correlation between RAD and
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RST in measuring CA was found equal to 0.55 (Table 2),
statistically different from zero (p <0.001). Concerning the
accuracy in measuring the sagittal parameters, comparable
TK values were determined by RAD and RST (36°+15°
and 37° +11°, respectively), whereas significant differences
were found about LL (43°+12° and 34°+10°, p<0.001).
The r coefficient was equal to 0.70 (p < 0.001) for TK when
considering all subjects, while lower values were found for
LL (0.51, p<0.001). It is important to note that the arms
were kept flexed (placing fingertips on cheekbones) when
performing RAD scan (Fig. 1a), whereas they were relaxed
during RST (Fig. 2a). Such difference could in principle
affect the correlation in the parameters. However, since this
potential limitation had been observed during the execution
of the study, two consecutive RST scans (one with arms
flexed and one relaxed) were accordingly performed in the
same session in the last 103 enrolled subjects. The correla-
tion between RST and RAD revealed comparable values in
the two cases: 0.48 and 0.55 for CA, 0.69 and 0.70 for TK,
0.53 and 0.51 for LL. This result confirms that arms position
does not affect the measurements provided by RST.

When distinguishing between ‘scoliotic’ and ‘not sco-
liotic’ subjects, the r of TK diminished in ‘scoliotic’
group (0.56, p<0.001) compared to ‘not scoliotic’ (0.71,
p<0.001). Similar values were exhibited by LL. When
evaluating the linear regression between RST and RAD
accounting for all the subjects, the line slope and the root-
mean-square error (RMSE) resulted, respectively, 27° and 8°
for CA (Fig. 3a), 26° and 8° for TK (Fig. 3b), 22° and 8° for
LL (Fig. 3c). The Bland-Altman analysis revealed a mean
difference of 18° when measuring CA (significantly differ-
ent from zero, p <0.001), —0.85° TK, and 10° (»p <0.001)
LL (Fig. 3d-f).

Concerning the accuracy of RST in monitoring the sco-
liosis progression, 30 subjects (27 females and 3 males)
were evaluated at baseline and 6-month follow-up. The
average age was 14 +2 years, overall. The mean values of
the difference between CA at follow-up and that at baseline
(ACA) were small and not significantly different for RST
and RAD (0°+7° and 1° +9°, respectively, Table 3). The
within-subjects correlation r,, (Fig. 4a) and the mean differ-
ence in measuring ACA (Fig. 4b) were found equal to 0.30
and —0.89°, respectively, and both not statistically different
from zero. Agreement between RST and RAD in identify-
ing increased or decreased CA was found in the 67% of the
evaluated subjects (Table 3).

Discussion

Concerning the accuracy of RST in identifying CA, the
results pointed out barely moderate correlation between
RST and RAD (r=0.55), with a tendency of RST toward
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Fig.3 Upper row: scatter correlation plots of the Cobb angle (CA,
in a) and anatomical parameters (thoracic kyphosis—TK, in b; lum-
bar lordosis—LL, in ¢) obtained, respectively, with RAD and RST
systems. For each parameter, the regression line with 95% confi-
dence interval, the correlation coefficient r (followed by the ‘# apex
if found statistically different from zero), the r-squared, and slope,

Mean RST & RAD []

Mean RST & RAD []

intercept and root-mean-square error (RMSE) of the regression line
are reported. Lower row: Bland—Altman plots about CA, TK, and LL,
with lines depicting the mean value (followed by “* if found statisti-
cally different from zero), and the 95% (£ 1.96 SD) limits of agree-
ment

Table 3 Cobb angle (CA), expressed as mean + SD, at baseline, follow-up, and difference between them (ACA, follow-up minus baseline)

Baseline Follow-up ACA
RAD 26°+9° 25°+8° 0°+7°
RST 12°+8° 13°x7° 1°+£9°
(RAD, RST) Number of cases
Agreement (t,Hand (|, ) 20 (67%)
Disagreement (1, Dand ((, 1) 10 (33%)

In the lower section: agreement between RAD and RST in identifying increased (1) or decreased (|) CA from baseline to follow-up

an underestimation (15° vs. 33° in mean value and average
difference equal to 18°, Table 2, Fig. 3d). The low value
of the slope of the regression line (27°, Fig. 3a) indicates
that this tendency is more pronounced in correspondence
of larger CA. The Bland—Altman analysis confirms that the

agreement is lower in correspondence of larger average CA
(Fig. 3d). The observed correlation (0.55) is in accordance
with the lowest value found by other authors. The previ-
ous works reported indeed correlation coefficients ranging
from 0.5 to 0.8 [30, 34-36]. In particular, 0.5 was pointed
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follow-up evaluation of the Cobb angle
ACA (follow-up minus baseline)
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Fig.4 Scatter correlation plot (a) and Bland—Altman plot (b) of the
Cobb angle difference, ACA, measured with RAD and RST and
defined as the difference between the CA obtained at follow-up and
that previously measured at baseline for the same scoliotic curve. The
correlation plot reports the within-subjects correlation coefficient r,,

out by the study which accounted for the largest number of
subjects, i.e., 193, when evaluating lumbar scoliotic curves
[30]. Furthermore, the observed tendency of RST of provid-
ing lower CAs, compared to the radiographic evaluation,
confirms the underestimation found in the other studies
(ranging from 6° to 10°, in average value). To this regard,
the difference in the 3D spine reconstruction obtained with
RAD and RST is observable comparing that performed for
one female subject (Figs. 1c, d, 2c, d). In this case, in the
frontal plane, RAD provided CA =33° for the curve T9-L3
(Fig. 1c), whereas the corresponding value from RST was
17° (Fig. 2b). Overall, the limitations in the 3D spine recon-
struction affected also the measurement of the anatomical
parameters in the sagittal plane (TK and LL). TK exhib-
ited comparable values between RAD and RST (Table 2)
and strong correlation considering all the subjects (r=0.7,
Fig. 3b), but the coefficient decreased to 0.56 in the presence
of scoliotic curves (Table 2). Furthermore, RST revealed to
be less accurate in determining LL (r=0.51, Fig. 3c), with
the tendency toward underestimation (10° in average value,
Table 2). The Bland—Altman analysis showed that the dis-
crepancies found in measuring TK and LL were similar in
the parameters’ ranges (Fig. 3e, ). To this regard, in the
reconstructed spine model, RST accounts for the vertebra
prominens to compute TK (i.e., VP-T12, Fig. 2d), and for
the middle point between the sacral dimples to obtain LL
(i.e., T12-DM). RAD accounts for the vertebral slope in the
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(found not statistically different from zero), r,-squared, and slope,
intercept and root-mean-square error (RMSE) of the regression line
(with 95% confidence interval). The Bland—Altman plot depicts the
line of the mean value (found not statistically different from zero) and
the 95% (£ 1.96 SD) limits of agreement

sagittal plane (i.e., T1-T12 and L1-LS5, Fig. 1d). This dif-
ference can contribute to explain the low or moderate cor-
relations found between the two methods.

Overall, the findings reveal thus that despite RST can
recognize the presence of a spine deformity, it does not have
sufficient accuracy for clinical purposes, i.e., to measure the
angle of the actual scoliotic curve. As mentioned above, the
correlation coefficients found evaluating CA ranged from 0.5
to 0.8. These values are similar to those pointed out assess-
ing other radiation-free systems. The coefficients ranged
from 0.6 to 0.8 in case of rasterstereographic devices [39,
40] and of Moire topography [17, 41], whereas were larger
(from 0.8 to 0.9) for ultrasound imaging [21, 22, 42, 43]
and poor-to-moderate (from 0.3 to 0.6) for electromagnetic
topography [20].

The accuracy of RST in monitoring the scoliosis pro-
gression was evaluated in 30 subjects selected for conserva-
tive treatment with corrective brace; the progression of
the curve was quantified as the difference in the scoliosis
degree between follow-up and baseline (ACA, Table 3). RST
demonstrated low accuracy compared to RAD. Indeed, the
correlation index was found to be weak (r,=0.3, Fig. 4a),
and the difference between the two methods was generally
scattered and not dependent on the average value of ACA
(Fig. 4b). To this regard, it is worth noting that the use of
brace can affect trunk growth (by modifying ribs shape
and muscle mass) and the topography of the back surface,
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without concomitantly changing the degree of the scoliotic
curves. This aspect contributes to explaining the weak cor-
relation found between RST and RAD. Indeed, the former
method computes CA by exploiting the spine model based
on the back surface topography (Fig. 2), whereas the latter
allows for a direct measurement of the spine curves on the
radiographic image (Fig. 1). The agreement in observing a
similar progression was reported in the 67% of the subjects
(Table 3). This value corresponds to the accuracy of RST as
a test to correctly identifying ameliorated and deteriorated
subjects. To this regard, sensitivity and specificity (the abil-
ity to identify the deteriorated and the ameliorated ones,
respectively) were 64% and 69%. These findings do not suf-
ficiently support the use of RST as alternative method for the
evaluation of the scoliosis progression. However, two limita-
tions have to be considered in this respect: a small sub-group
of 30 subjects was evaluated, and the most of them presented
from ‘baseline’ to ‘6-months follow-up’, a moderate increase
or decrease (lower than 10°) in the CA (Fig. 4a). Accord-
ingly, a larger number of subjects and a longer follow-up
period should be evaluated in future studies.

Concerning the comparison with previous works and
other radiation-free systems, few studies investigated the
potential exploitation for monitoring the scoliosis progres-
sion. Assessing the RST, other authors reported a correla-
tion of 0.7 over a mean follow-up period of 8 years [37].
However, the coefficient was calculated without consider-
ing the within-subjects factor, accounted for in the present
study by r,, thus potentially providing an overestimated
correlation value [38]. Moreover, the validity of RST was
assessed by comparing the lateral vertebral deviation of
the reconstructed spine (which interprets the presence of
spine deformity), and not the Cobb angles characterizing
the actual scoliotic curves. Other works evaluated sensitiv-
ity and specificity about devices based on laser scanner or
RST at 1-year follow-up [44-46]. In these cases, sensitiv-
ity ranged from 73 to 93% and specificity from 44 to 80%,
respectively.

In conclusion, although previous studies supported the
use of RST in monitoring the presence of spine deformity
in JIS and AIS subjects, the present findings pointed out
moderate accuracy in measuring the scoliosis degree and
low accuracy in monitoring the curve progression. Thus,
RST (specifically Formetric 4D) cannot be considered as a
valid noninvasive alternative to low-dose radiographic evalu-
ation, for clinical or prognostic purposes. However, since
demonstrated to be capable of recognizing the presence of
spine deformity (but not sufficiently accurate for quantify-
ing it), RST could be in principle considered for the early
screening in large JIS and AIS populations (e.g., in school
context). To this regard, cost-benefit analysis with respect
to other traditional approaches (e.g., Adam’s test) should be
previously performed.

Acknowledgements The study was supported by the Italian Ministry of
Health and by Regione Lombardia (Project No. PCC-2011-2353854).

Compliance with ethical standards

Conflict of interest All authors declare that they have no conflict of
interest.

References

1. Negrini S, Donzelli S, Aulisa AG, Czaprowski D, Schreiber S,
de Mauroy JC, Diers H, Grivas TB, Knott P, Kotwicki T, Lebel
A, Marti C, Maruyama T, O’Brien J, Price N, Parent E, Rigo
M, Romano M, Stikeleather L, Wynne J, Zaina F (2018) 2016
SOSORT guidelines: orthopaedic and rehabilitation treatment of
idiopathic scoliosis during growth. Scoliosis Spinal Disord 13:3
(eCollection 2018)

2. Kim HJ, Blanco JS, Widmann RF (2009) Update on the manage-
ment of idiopathic scoliosis. Curr Opin Pediatr 21(1):55-64

3. Weinstein SL, Dolan LA, Cheng JC, Danielsson A, Mor-
cuende JA (2008) Adolescent idiopathic scoliosis. Lancet
371(9623):1527-1537

4. Nnadi C, Fairbank J (2010) Scoliosis: a review. Paediatr Child
Health 20:215-220. https://doi.org/10.1016/j.paed.2009.11.009

5. Fairbank J (2004) Historical perspective: William Adams, the
forward bending test, and the spine of Gideon Algernon Mantell.
Spine (Phila Pa 1976) 29(17):1953-1955

6. D’Osualdo F, Schierano S, Iannis M (1997) Validation of clinical
measurement of kyphosis with a simple instrument, the arcometer.
Spine (Phila Pa 1976) 22(4):408—413

7. Simony A, Hansen EJ, Christensen SB, Carreon LY, Andersen
MO (2016) Incidence of cancer in adolescent idiopathic
scoliosis patients treated 25 years previously. Eur Spine J
25(10):3366-3370

8. Knott P, Pappo E, Cameron M, Demauroy J, Rivard C, Kotwicki
T, Zaina F, Wynne J, Stikeleather L, Bettany-Saltikov J, Grivas
TB, Durmala J, Maruyama T, Negrini S, O’Brien JP, Rigo M
(2014) SOSORT 2012 consensus paper: reducing X-ray expo-
sure in pediatric patients with scoliosis. Scoliosis 9:4 (eCollection
2014)

9. Kleinerman RA (2006) Cancer risks following diagnostic
and therapeutic radiation exposure in children. Pediatr Radiol
36(Suppl 2):121-125

10. Levy AR, Goldberg MS, Hanley JA, Mayo NE, Poitras B (1994)
Projecting the lifetime risk of cancer from exposure to diagnostic
ionizing radiation for adolescent idiopathic scoliosis. Health Phys
66(6):621-633

11. Dietrich TJ, Pfirrmann CW, Schwab A, Pankalla K, Buck FM
(2013) Comparison of radiation dose, workflow, patient comfort
and financial break-even of standard digital radiography and a
novel biplanar low-dose X-ray system for upright full-length lower
limb and whole spine radiography. Skelet Radiol 42(7):959-967

12. Illes T, Somoskeoy S (2012) The EOS imaging system and its uses
in daily orthopaedic practice. Int Orthop 36(7):1325-1331

13. Somoskeoy S, Tunyogi-Csapo M, Bogyo C, Illes T (2012) Accu-
racy and reliability of coronal and sagittal spinal curvature data
based on patient-specific three-dimensional models created by the
EOS 2D/3D imaging system. Spine J 12(11):1052-1059

14. Aroeira RM, de Las Casas EB, Pertence AE, Greco M, Tavares JM
(2016) Non-invasive methods of computer vision in the posture
evaluation of adolescent idiopathic scoliosis. ] Bodyw Mov Ther
20(4):832-843

@ Springer


https://doi.org/10.1016/j.paed.2009.11.009

534 European Spine Journal (2019) 28:526-535
15. Prowse A, Pope R, Gerdhem P, Abbott A (2016) Reliability and 31. Degenhardt B, Starks Z, Bhatia S, Franklin GA (2017) Appraisal
validity of inexpensive and easily administered anthropometric of the DIERS method for calculating postural measurements: an
clinical evaluation methods of postural asymmetry measurement observational study. Scoliosis Spinal Disord 12:28 (eCollection
in adolescent idiopathic scoliosis: a systematic review. Eur Spine 2017)
J 25(2):450-466 32. Schulein S, Mendoza S, Malzkorn R, Harms J, Skwara A (2013)
16. Porto F, Gurgel JL, Russomano T, Farinatti Pde T (2010) Moire Rasterstereographic evaluation of interobserver and intraobserver
topography: characteristics and clinical application. Gait Posture reliability in postsurgical adolescent idiopathic scoliosis patients.
32(3):422-424 J Spinal Disord Tech 26(4):E143-E149
17. Willner S (1979) Moire topography for the diagnosis and docu- 33. Guidetti L, Bonavolonta V, Tito A, Reis VM, Gallotta MC, Bal-
mentation of scoliosis. Acta Orthop Scand 50(3):295-302 dari C (2013) Intra- and interday reliability of spine rasterstere-
18. Hill DL, Berg DC, Raso VI, Lou E, Durdle NG, Mahood JK, ography. Biomed Res Int 2013:745480
Moreau MJ (2002) Evaluation of a laser scanner for surface topog- 34. Tabard-Fougere A, Bonnefoy-Mazure A, Hanquinet S, Lascombes
raphy. Stud Health Technol Inf 88:90-94 P, Armand S, Dayer R (2017) Validity and reliability of spine
19. Treuillet S, Lucas Y, Crepin G, Peuchot B, Pichaud JC (2002) rasterstereography in patients with adolescent idiopathic scoliosis.
SYDESCO: a laser-video scanner for 3D scoliosis evaluations. Spine (Phila Pa 1976) 42(2):98-105
Stud Health Technol Inf 88:70-73 35. Weiss HR, Seibel S (2013) Can surface topography replace radi-
20. Knott P, Mardjetko S, Nance D, Dunn M (2006) Electromagnetic ography in the management of patients with scoliosis? Hard Tis-
topographical technique of curve evaluation for adolescent idi- sue 2(2):19
opathic scoliosis. Spine (Phila Pa 1976) 31(24):E911-E915 (Dis- 36. Frerich JM, Hertzler K, Knott P, Mardjetko S (2012) Comparison
cussion E916) of radiographic and surface topography measurements in adoles-
21. Zheng R, Chan AC, Chen W, Hill DL, Le LH, Hedden D, Moreau cents with idiopathic scoliosis. Open Orthop J 6:261-265
M, Mahood J, Southon S, Lou E (2015) Intra- and inter-rater reli- 37. Schulte TL, Hierholzer E, Boerke A, Lerner T, Liljenqvist U,
ability of coronal curvature measurement for adolescent idiopathic Bullmann V, Hackenberg L (2008) Raster stereography versus
scoliosis using ultrasonic imaging method—a pilot study. Spine radiography in the long-term follow-up of idiopathic scoliosis. J
Deform 3(2):151-158 Spinal Disord Tech 21(1):23-28
22. Cheung CW, Zhou GQ, Law SY, Mak TM, Lai KL, Zheng YP 38. Bland JM, Altman DG (1995) Calculating correlation coefficients
(2015) Ultrasound volume projection imaging for assessment of with repeated observations: part 1—correlation within subjects.
scoliosis. IEEE Trans Med Imaging 34(8):1760-1768 BMIJ 310(6977):446
23. Manca A, Monticone M, Cugusi L, Doria C, Tranquilli-Leali P, 39. Berryman F, Pynsent P, Fairbank J, Disney S (2008) A new sys-
Deriu F (2018) Back surface measurements by rasterstereography tem for measuring three-dimensional back shape in scoliosis. Eur
for adolescent idiopathic scoliosis: from reproducibility to data Spine J 17(5):663-672
reduction analyses. Eur Spine J 27(9):2130-2138 40. Thometz JG, Lamdan R, Liu XC, Lyon R (2000) Relationship
24. Mohokum M, Schulein S, Skwara A (2015) The validity of raster- between Quantec measurement and Cobb angle in patients with
stereography: a systematic review. Orthop Rev (Pavia) 7(3):5899 idiopathic scoliosis. J Pediatr Orthop 20(4):512-516
25. Drerup B (2014) Rasterstereographic measurement of scoliotic 41. Ruggerone M, Austin JH (1986) Moire topography in scoliosis.
deformity. Scoliosis 9(1):22 (eCollection 2014) Correlations with vertebral lateral curvature as determined by
26. Zubovic A, Davies N, Berryman F, Pynsent P, Quraishi N, Lavy C, radiography. Phys Ther 66(7):1072-1077
Bowden G, Wilson-Macdonald J, Fairbank J (2008) New method 42. Takacs M, Orlovits Z, Jager B, Kiss RM (2018) Comparison of
of scoliosis deformity assessment: ISIS2 system. Stud Health spinal curvature parameters as determined by the ZEBRIS spine
Technol Inf 140:157-160 examination method and the Cobb method in children with sco-
27. Liu XC, Thometz JG, Lyon RM, Klein J (2001) Functional clas- liosis. PLoS ONE 13(7):e0200245
sification of patients with idiopathic scoliosis assessed by the 43. Wang Q, Li M, Lou EH, Wong MS (2015) Reliability and valid-
Quantec system: a discriminant functional analysis to determine ity study of clinical ultrasound imaging on lateral curvature of
patient curve magnitude. Spine (Phila Pa 1976) 26(11):1274-1278 adolescent idiopathic scoliosis. PLoS ONE 10(8):e0135264
(Discussion 1279) 44. Hong A, Jaswal N, Westover L, Parent EC, Moreau M, Hedden D,
28. Goldberg CJ, Kaliszer M, Moore DP, Fogarty EE, Dowling FE Adeeb S (2017) Surface topography classification trees for assess-
(2001) Surface topography, Cobb angles, and cosmetic change in ing severity and monitoring progression in adolescent idiopathic
scoliosis. Spine (Phila Pa 1976) 26(4):E55-E63 scoliosis. Spine (Phila Pa 1976) 42(13):E781-E787
29. Weisz I, Jefferson RJ, Turner-Smith AR, Houghton GR, Harris 45. Komeili A, Westover L, Parent EC, El-Rich M, Adeeb S (2015)
JD (1988) ISIS scanning: a useful assessment technique in the Monitoring for idiopathic scoliosis curve progression using sur-
management of scoliosis. Spine (Phila Pa 1976) 13(4):405-408 face topography asymmetry analysis of the torso in adolescents.
30. Knott P, Sturm P, Lonner B, Cahill P, Betsch M, McCarthy R, Spine J 15(4):743-751
Kelly M, Lenke L, Betz R (2016) Multicenter comparison of 3D 46. Adankon MM, Chihab N, Dansereau J, Labelle H, Cheriet F

spinal measurements using surface topography with those from
conventional radiography. Spine Deform 4(2):98-103

@ Springer

(2013) Scoliosis follow-up using noninvasive trunk surface acqui-
sition. IEEE Trans Biomed Eng 60(8):2262-2270



European Spine Journal (2019) 28:526-535

535

Affiliations

Tito Bassani'® - Elena Stucovitz' - Fabio Galbusera' - Marco Brayda-Bruno?

P4 Tito Bassani
tito.bassani @ grupposandonato.it

! LABS, Laboratory of Biological Structures Mechanics,
IRCCS Istituto Ortopedico Galeazzi, Milan, Italy

2

III Spine Surgery - Scoliosis Department, IRCCS Istituto

Ortopedico Galeazzi, Milan, Italy

@ Springer


http://orcid.org/0000-0003-3312-1565

	Is rasterstereography a valid noninvasive method for the screening of juvenile and adolescent idiopathic scoliosis?
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Graphical abstract 

	Introduction
	Methods
	Experimental protocol
	Follow-up evaluation
	Study endpoints
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




