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A B S T R A C T

Background: Surface topography is a radiation-free examination that provides relevant information for the
evaluation of patients with Adolescent Idiopathic Scoliosis (AIS). However, its usage is not standardized, which
restricts the applicability of this instrument.
Research questions: (a) To identify the anatomical reference markers used on surface topography; (b) to identify
the parameters used on surface topography; and (c) to pool correlation and reproducibility results.
Methods: Systematic searches were conducted following MOOSE (Meta-analysis of Observational Studies in
Epidemiology) guidelines. The methodological quality was assessed according to Brink & Louw appraisal tool.
Results: Twenty-three studies were included for the qualitative synthesis. The most commonly used anatomical
reference markers were: the prominent vertebra (C7 or T1), the posterior superior iliac spines (PSISs) and the
sacrum (S1). The parameters for the evaluation of the AIS by surface topography are: spinal inclination angle
(analogous to Cobb), gibbosity, thoracic kyphosis angle, lumbar lordosis angle, pelvic obliquity, spine length,
apex of the curve, C7-S1 distance (frontal plane), and C7-S1 displacement (sagittal plane). Data from eleven
studies were metanalyzed and evidenced the correlation of the surface topography with X-ray exams and the
reproducibility of the surface topography in the sagittal and frontal planes.
Significance: The findings of this study recommend the use of a protocol for the application of the equipment.
The analyzed studies predict the use of only four markers for anatomical reference. The evaluation of the AIS can
be carried out observing nine parameters. Surface topography correlates with radiography when the spinal
inclination angle (Cobb angle), thoracic kyphosis angle and lumbar lordosis angle are compared. Also, surface
topography presents inter and intra-rater reproducibility in the sagittal plane and intra-rater reproducibility in
the frontal plane.

1. Introduction

Adolescent Idiopathic Scoliosis (AIS) is a three-dimensional defor-
mity of the spine and trunk, with prevalence of 2–3% in the general
population [1], that implicates on esthetical detriments of the body
shape of the affected subjects [2]. Diagnostic investigation and curve
progression follow-up can be carried out using non-radiological
methods [1]. In this sense, many researchers have been working to
develop new instruments and to improve new techniques and tools

[3,4].
Surface topography is a quick and practical exam that can be used in

the investigation and follow-up of AIS. This technology, based on the
rasterstereography, originated a diverse number of equipments like
InSpeck, ISIS, Vert3D, Quantec and Formetric. They all have the pur-
pose of three-dimensionally reproducing the back surface of the eval-
uated individuals. The different mathematical processing of the images
provides parameters for the identification and quantification of postural
changes and deformities [5].
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Although the surface topography is a useful tool for the AIS eva-
luation, there is no stablished protocol of evaluation that explicitly
shows which are the anatomical markers to be used, neither a stan-
dardized interpretation of results through predetermined parameters.
These limitations lead to distinct procedures in the use of the equipment
and in the interpretation of results, which do not stimulate health
professionals to use the equipment [6].

In this context, this systematic review with meta-analysis aims (a) to
identify the anatomical reference markers used on surface topography;
(b) to identify the parameters measured by surface topography; and (c)
to pool correlation and reproducibility results.

2. Methods

2.1. Type of study

The present study is a systematic review with meta-analysis, regis-
tered on PROSPERO (http://www.crd.york.ac.uk/PROSPERO_
REBRANDING/display_record.asp?ID=CRD42016047556).

2.2. Search strategies

Systematic searches were conducted in July 2018, on the PubMed,
Embase, SciELO, Cochrane and Scopus databases, following MOOSE
(Meta-analysis of Observational Studies in Epidemiology) guidelines
[7].

The terms and Boolean operators used on the systematic search
were: Scoliosis [MeSH] OR scoliosis OR scolioses OR “adolescent idio-
pathic scoliosis” OR “idiopathic scoliosis” OR “spinal curvatures” AND
rasterstereography OR rasterstereographic OR “surface topography”.
The search strategy used on PubMed can be observed on Table 1. In
addition, there was no restriction for language or publication date. Also,
manual searches were performed on the references of the included
studies and on the database of the Brazilian Federal Agency for Support
and Assessment of Post-graduate Education (CAPES).

2.3. Eligibility criteria

The eligible studies filled the following criteria: (1) patients diag-
nosed with AIS, (2) the use of surface topography examination, (3) the
description of the anatomical reference markers adopted on surface
topography for AIS identification, and (4) validity and/or reproduci-
bility study.

2.4. Studies selection and data extraction

The bibliographic details of all retrieved articles were stored in an
EndNote file. Two independent reviewers selected potentially relevant
studies, according to their titles and abstracts. When a study did not
provide enough information to be excluded, the text was integrally
read.

In the next step, the reviewers have read the studies integrally and
selected them according to the eligibility criteria. Studies that com-
prised patients over age 18, and/or patients with any diagnosable cause
of scoliosis, and/or patients submitted to physical therapy, brace or
spinal surgical intervention were excluded. Discordant cases were
solved by consensus or by a third reviewer.

Only the included studies were submitted to data extraction and
methodological quality evaluation. The informations were extracted to

a standardized form that included: author, year of publication, age,
sample size, type of topography and the gold standard used. The out-
comes were: (1) anatomical reference markers; (2) parameters for
identifying the scoliosis; and (3) Pearson’s correlation coefficient (r)
and/or Intraclass Correlation Coefficient (ICC).

2.5. Quality assessment

The assessment of the methodological quality and the risk of bias
was performed using a critical appraisal tool, proposed by Brink &
Louw [8], for assessing validity and reliability of results from studies.
The scale consists of 13 items, of which five items relate to both validity
and reliability studies, four items to validity studies only and four items
to reliability studies. The scale was used by the same independent re-
viewers. The included studies were considered as high methodological
quality if reached the score of ≥ 60%, as proposed by previous studies
[9].

2.6. Statistical analysis

The data was metanalyzed on the Comprehensive Meta-Analysis V3
software. The studies were grouped according to the correlation coef-
ficient (r or ICC) and the anatomical plane of analysis (frontal or sa-
gittal). In the frontal plane analysis, the data was divided in two groups:
(1) Thoracic Cobb angle and (2) Lumbar Cobb angle. In the sagittal
plane analysis, the data was also divided in two groups: (1) kyphosis
angle and (2) lordosis angle. The random-effect model was selected for
the analysis. The statistical data originated from Pearson’s coefficient or
ICC were interpreted as follows: ≤.25 very low correlation, .26–.49 low
correlation, .50–.69 moderate correlation, .70–.89 high correlation and
≥.90 very high correlation. Heterogeneity was verified by the Higgins
Inconsistence test (I²).

3. Results

Initially, 536 studies were identified on the systematic searches; 467
were excluded, resting 93 for the full-text reading. So, based on the
eligibility criteria, 70 studies were excluded, resting 23 studies for the
qualitative analysis and 11 for the quantitative analysis. Fig. 1 shows
the flowchart [10]. of the included studies Table 2 summarizes the
characteristics and the outcomes of the studies included in the quali-
tative analysis.

The number of anatomical reference markers used on surface to-
pography examination ranged from 0 to 28. The reference markers most
commonly used were: the spinous process of the prominent vertebra
(C7 or T1) (n=15) [11–25], the PSISs (n=11) [12–17,19,20,22–24]
and the sacrum (S1) (n= 8) [11–16,18,24]. Seven studies did not use
reference markers [26–32].

The spinal inclination angle, analogous to the Cobb angle on
radiography, was the most commonly used parameter (14 of 23 studies)
[11,12,14–18,20,22–24,26,28,33]. Also, the following parameters were
extracted from surface topography: gibbosity (measured in cm or de-
grees) (n= 13) [12–16,18,19,22–24,26,28,29]; thoracic kyphosis angle
and lumbar lordosis angle (n=8) [14,18–20,22,24,26,33]; pelvic ob-
liquity (cm or degrees) (n= 6) [14,19,22,24,26,33]; spine length
(n= 5) [16,19,20,22,26]; apex of the curve (n=6)
[14,13–16,24,26,28]; C7-S1 distance (frontal plane) (n=5)
[14,15,19,20,24]; C7-S1 displacement (sagittal plane) (n=4)
[14,19,20,24]. The POTSI (Posterior Trunk Symmetry Index) and DAPI

Table 1
Search Strategy of PubMed.

#3 Search (#1 AND #2 AND)
#2 Search ("rasterstereography” OR “rasterstereographic” OR “surface topography”)
#1 Search ("Scoliosis" [Mesh] OR scoliosis OR scolioses OR “adolescent idiopathic scoliosis” OR “idiopathic scoliosis” OR “spinal curvature”)
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(Deformity in the Axial Plane Index) or DHOPI (Deformity in the Hor-
izontal Plane Index) parameters were found in five studies
[20,21,30–32].

About the outcomes of the meta-analyses (Fig. 2), it was possible to
extract the coefficients from 11 studies. Seven studies presented
Pearson correlations [18,21,23,26,30,31,33] and five studies presented
ICCs [14,20,22,24,33]. The correlation between topography and X-ray
examinations in the frontal plane was high and significant for thoracic
curves and moderate for lumbar curves (I²= 22.2% and I²= 37.8%,
respectively). In the sagittal plane, the correlation between topography
and X-ray examinations was high and significant, with very low het-
erogeneity (I²= 0%) for thoracic kyphosis and lumbar lordosis.

For the reproducibility meta-analyses (Fig. 3), three studies pro-
vided ICC for kyphosis angle and lordosis angle for the inter-rater
[14,20,22] and intra-rater analyses [22,24,33]. In the intra-rater and
inter-rater analyses of the thoracic kyphosis and lumbar lordosis, the
ICCs ranged from high to very high and significant, and the hetero-
geneity (I²) ranged from 0% to 37.3%. In the frontal plane, two studies
[22,24] provided ICCs for intra-rater reproducibility analysis of the
spinal inclination angle, analogous to the Cobb angle. The ICCs were
very high and significant, and the heterogeneity was equal to 0%. This
analysis considered only a single spinal inclination angle, regardless the
region of the spine (thoracic or lumbar) where it occurred.

In the evaluation of the methodological quality and the risk of bias,
14 studies ranked high quality (score ≥ 60%). The average score of the
methodological quality appraisal was 62% (Table 3). The main meth-
odological weaknesses found in the validity and reproducibility studies
(n=10) concerned the blinding process between evaluators, the lack of
randomness in the order of the evaluators or the subjects, the descrip-
tion of the gold standard used and the description of the sample losses.

4. Discussion

The surface topography examination is a useful tool for the identi-
fication and the follow-up of vertebral deformities. With this tool, it is
possible to quantify the magnitude of certain parameters and explore
the three-dimensional surface of the back, pointing the progression rate
of the spinal deformity under different aspects [33]. For an adequate
use of the exam, it is important to define which are the anatomical
markers that will guide the analysis of the parameters [6]. The objec-
tive of this study was exactly to identify the anatomical reference
markers, the parameters used by the surface topography for the iden-
tification of AIS and to conduct meta-analyses to examine the correla-
tion between the topographical exam and the X-rays.

In the qualitative analysis, we got information about which and how
many anatomical reference markers were used by distinct equipments.
The number of markers varied from zero [26–32] to 28 [20]. Komeili
et al. [27] defend that the use of markers generates errors, which would
be related to palpation and fixation of the markers on patients. How-
ever, we emphasize that taking into consideration the three-dimen-
sional nature of the exam, the markers will serve as a local system of
coordinates and they will facilitate the retrieval of the 3D coordinates
from the body surface. So, caution is suggested when adopting a pro-
tocol without markers. The number of markers must be sufficient for
running an analysis, but it should maintain the practicality of the exam
and ensure the accuracy of its parameters. The results found in relation
to the anatomical markers evidence the lack of standardization for the
use of surface topography when evaluating the AIS. To avoid compro-
mising the data extraction, we suggest the use of four markers because
it is easier to palpate and mark a small number of structures, it will take
less time for the performing of the examination and it will reduce the

Fig. 1. Flowchart of included studies according to PRISMA [10].
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bias derived from palpation [34].
According to the consensus stablished in 2009 by the Scoliosis

Orthopaedic Rehabilitation and Treatment (SOSORT), the following
surface topography parameters must be observed in the evaluation of
patients with AIS: spine length, C7-S1 distance (frontal plane), C7-S1
displacement (sagittal plane), measures of the main curve, measures of
the compensatory curve, apex of the curve, thoracic kyphosis, lumbar
lordosis, trunk rotation main curve, trunk rotation compensatory
curves, PSIS height and PSIS depth [6]. From this review, we can ob-
serve that nine of 12 parameters recommended by SOSORT were found
in the studies. Among them, the spinal inclination angle was the most
frequent.

Based on the data obtained through the meta-analyses, the corre-
lation indexes (r) varied from moderate to high in the comparison of the
spinal inclination angle (frontal plane) between surface topography and
X-ray exams. This analysis indicates that the surface topography is
strongly correlated with the X-ray exams. Nonetheless, we highlight
that this statistical procedure is not enough to determine the validity of
topography in relation to X-rays [35].

Still, in the frontal plane, we found a moderate correlation of the
POTSI parameter in relation to the Cobb angle on X-rays. In the axial
plane, the analyzed parameter was only the DHOPI or DAPI and it
presented high correlation. Although they are named differently,

DHOPI and DAPI are the same parameter according to the mathema-
tical definition provided by the authors. Anyway, these parameters
(POTSI and DHOPI) are not recommended by SOSORT.

We highlight the correlation found between the POTSI and DHOPI
(DAPI) parameters performed in the comparison between the surface
topography and the X-rays was reported by three studies. These para-
meters were evaluated by the same researchers. Although they pre-
sented high methodological quality, the authors did not clearly describe
the equipment of surface topography they used. Mínguez et al. (2007)
[21] described the use of an experimental device based on the projec-
tion of structured light, while Pino-Almero (2016 and 2017) [30,31]
reported the use of a method of surface topography. Still, these para-
meters for surface topography were found in five studies, and four of
them were written by the same researchers.

Among the studies included in the reproducibility meta-analysis in
the frontal plane, only two out of seven studies presented low metho-
dological quality. Knott et al. [20] used the Orthoscan (surface topo-
graphy) and found very low correlation of the lumbar Cobb angle, while
Frerich et al. [28] used the Formetric 4D and found a high correlation
for this parameter. In all cases, regardless the equipment used, the
thoracic region presented the best correlations.

Once more, we emphasize the lack of standardization in the use of
the exam, which in fact, can interfere in the results, culminating in

Fig. 2. Meta-analysis of the correlation (r values) of surface topography, in the frontal, sagittal and axial planes, in relation to the X-ray examination.
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Fig. 3. Meta-analysis of the inter and intra-rater reproducibility (ICC values) of surface topography in the frontal and sagittal planes.

Table 3
Quality assessment through the critical evaluation tool proposed by Brink & Louw.

Study 1 2 3 4 5 6 7 8 9 10 11 12 13 %

Adankon, 2013 y n y n/a n/a n/a n n/a y y n y n 56
Berryman, 2008 n n n/a n/a n n n/a y n/a y n/a n y 33
Chowanska, 2012 y n y n n n y y y y y y n 62
De Séze, 2013 y n n/a n n/a n n/a y n/a y n/a y y 56
Drerup, 1994 n n y n/a n/a n/a y n/a y y y y n 67
Drerup, 1996 n n y n/a n/a n/a n n/a y y n n n 33
Frerich, 2012 y y y n/a n n y y y n n n y 54
Klos, 2007 y n y n/a n/a n/a y n/a y y n n y 44
Knott, 2006 n y y n n/a n y y y y n n y 54
Knott, 2016 y n y n/a n n y y y y y n y 62
Komeili, 2014 y y y n y n n y y y n y y 69
Komeili, 2015 y n y n/a n/a n/a y n/a y y n n y 67
Liu, 2001 y n y n/a n/a n/a y n/a y y n n y 67
Liu, 2013 y n n/a y n n n/a y n/a y n/a n y 56
Manca, 2018 y n n/a n/a n n n/a y n/a y n/a y y 56
Mangone, 2013 y n y n/a n/a n/a y n/a y y y y y 89
Mínguez, 2007 y y y y n n n y y y n n y 62
Pino-Almero, 2016 y y y n n n n n y y y y y 62
Pino-Almero, 2017 y n y n/a n/a n/a n n/a y y y y y 78
Pino-Almero, 2017 y n y n n y n n y y y y y 62
Tabard-Fougère, 2016 y y y y y n y y y y n y y 85
Terheyden, 2018 y n y n/a y n y y y y y y y 77
Thometz, 2000 y y y n/a n/a n/a y n/a y y n y y 89

1.Description of the sample; 2. Evaluators Characterization; 3. Use of gold standard for comparison; 4. Inter-evaluators blindness; 5. Intra-evaluators blindness; 6.
Randomization of evaluators or subjects; 7. Period of time between the test collection; 8. Time interval between repeated measures; 9. The studied test is not part of
the gold standard; 10. Description of the collection procedures from experimental test; 11. Description of the gold standard collection procedures; 12. Description of
cases of sample loss; 13. Adequacy of the statistical method. y= yes; n= no; n / a= not applicable; % = final score reached by the study.
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divergent outcomes. Another important aspect, that could explain the
results for the thoracic region, is related to the anatomical differences
between the regions of the spine (thoracic and lumbar) like the number
of vertebrae and the presence of the shoulder blades on the rib cage.
The deformity of the ribs in the transversal plane, mostly can contribute
to the higher correlation of the thoracic region, since the raster-
stereography is designed to evaluate the shape of the back surface [2].

For the meta-analysis of reproducibility in the sagittal plane, the
results also presented a high correlation (r) and low heterogeneity
among the studies, indicating that the surface topography strongly
correlates to X-ray exams. This analysis included data from only two
studies; one study scored low and the other scored high methodological
quality.

With respect to reproducibility, the best results were found for the
intra-rater analysis. In the frontal plane, the spinal inclination angle
presented very high and significant correlations. However, the analysis
included data from two studies only. Still, the methodology for the
calculation of the spinal inclination angle proposed by Manca (2018)
and Tabard-Fougère (2016) provides a single angle in the frontal plane,
regardless the region (thoracic or lumbar) where it occurred. In this
way, it is not possible to compare the thoracic region with the lumbar
region in the analysis of reproducibility. So, we suggest caution when
assuming reproducibility of the spinal inclination angle in surface to-
pography, based on this meta-analysis.

The concordance and reliability of the evaluation methods are key
indicators and should be taken under consideration before the selection
of an instrument. A method to determine the concordance between
measures originated from two distinct tools is the Bland & Altman plot
analysis. However, none of the studies included in the meta-analysis
carried out that analysis. Thus, it was not possible to determine the
validity of the exam. This also hindered the interpretation of results,
since the statistical procedures were limited to correlation analyses
only.

Residual analysis, precise measures and accuracy are important
indicators concerning the performance of an instrument. None of the
included studies presented the root mean square (RMS) error. This
statistical procedure identifies measurement differences of a variable
assessed by a new proposed instrument in comparison to the gold
standard method. In the studies included for validity analysis, Frerich
(2012), Knott (2016) and Thometz (2000) presented the mean differ-
ence between instruments [23,26,33]. In the studies included for the
reproducibility De Sèze (2013) presented the TEM (Typical Error of
Measurement) [14], Knott (2016) presented the mean standard devia-
tion, while Tabard-Fougère (2016) presented the SEM (Standard Error
of Measurement) and the MDC (Minimal Detectable Change) [22].
Statistical procedures for appraising precision and accuracy must be
properly performed to determine validity and/or reproducibility of new
evaluation instruments.

Two limitations of this review must be emphasized. Firstly, we have
only metanalyzed correlation coefficient to identify the validation of
topography. Despite the high correlation between topography and X-
rays, other statistical procedures are necessary for the determination of
validity of surface topography. The second limitation concerns the lack
of standardization in the use of surface topography among the studies.
It is important to highlight two fundamental facts about this limitation:
(1) the lack of standardization in the execution and interpretation of
surface topography justifies this review and it is the main purpose of
this study; and (2) even though all the studies included in the meta-
analysis applied the same technique (rasterstereography) for surface
topography, it should be mentioned that the inclusion of data from
different equipments and protocols may have affected the results.

Finally, the use of surface topography can contribute for the diag-
nosis and follow-up of the AIS. However, we recommend the applica-
tion of a standardized protocol for the use of surface topography, from
the proceeding of the examination to the analyses of results. Due to the
three-dimensional nature of the AIS, it is noticeable the limitation of

radiography (a two-dimensional exam), which in general, is used iso-
latedly in the diagnosis or follow-up of the AIS patients.

5. Conclusion

The present review provides anatomical reference markers and
parameters for the evaluation of the AIS by surface topography to
clinicians and researchers. The meta-analysis confirms that thoracic and
lumbar measures in the sagittal plane and thoracic measures in the
frontal plane (Cobb) demonstrate high correlations with radiography
which are moderate for lumbar measures in the frontal plane. Those
results are sustained by good reproducibility (over 0.8). The best results
of all analyses derived from the thoracic region.
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