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Abstract

To investigate and monitor the progression
of scoliosis and other spinal deformities in
patients following idiopathic scoliosis (IS),
non-invasive and radiation-free techniques
are recommended because of the need for
repeated radiographs. In a clinical setting,
spine parameters can be quickly, cheaply and
easily assessed using rasterstereography (RS).
To assess the validity of the radiation-free
technique RS based on surface topography
compared with radiographs. MEDLINE, the
Cochrane Library and EMBASE were systemat-
ically searched for studies which investigate
the validity of rasterstereography compared
with x-ray measurements. Studies published
between January 1, 1990 and July 31, 2013 in
English, German and French were included.
Studies dealing with magnetic resonance
imaging were excluded. Twelve studies with
570 patients were included; these articles were
published between 1990 and 2013. The majori-
ty of studies investigated patients with IS, but
other spinal pathologies included were tho-
racic hyperkyphosis and Scheuermann’s dis-
ease. With regard to the quality assessment
criteria for the included studies, three out of
twelve studies were evaluated using a twelve
point scale and two used a scale with eleven
points. We conclude that RS facilitates clinical
practice by analysing the spinal column. It is
completely radiation-free and could help to
monitor scoliosis progression.

Introduction

Various subjective and objective methods
have been developed to analyze and quantify
scoliosis and other spinal deformities.'” To
evaluate the degree of deformity in the diagno-
sis and treatment of scoliosis and other spinal
deformities  examinations  such as
roentgenograms or computed tomography are
frequently used.*®” The use of two-dimension-
al anterior-posterior (a.p.) full-length spine
radiologic investigation is accepted as the
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mainstay to attest the medical diagnosis of
idiopathic scoliosis, despite providing data
only in two dimensions.® The obvious disad-
vantage of such instrumental assessment
method is the fear of increased carcinogenic
risk and infertility from repeated exposure to
ionizing radiation.*!?

The reason for the repeated radiographs is
the requirement to measure the type, the flex-
ibility and progression of the spinal curvatures
in follow-up examinations in definite time
intervals, which is obtained from two-dimen-
sional a.p. spine radiographs.® In the study of
Nash and colleagues teenage girls with idio-
pathic scoliosis received over a treatment peri-
od of three years 22 roentgenograms.'! One
alternative examination suitable for this pur-
pose is the light-sectioning method raster-
stereography (RS), which is a precise, radia-
tion-free and inexpensive and that is in rou-
tine clinical use in many scoliosis centers
throughout the world.® The method, which
was developed by Drerup and Hierholzer in the
1980s, has been confirmed to be reliable both
in pre- and postsurgical scoliosis patients for
supplementing radiological and clinical exam-
inations."*1® By detecting anatomical land-
marks with characteristic shape parameters —
the vertebra prominens and the two spina ilia-
ca posterior superior — coordinate data of back
surface points and the line of symmetry can be
determined.” RS provides a reliable method
for three-dimensional back shape analysis and
reconstruction of spinal deformities.?0?!
Several studies have evaluated the validity of
RS compared with X-ray.?% Therefore, the aim
of the present research was to evaluate the
validity and accuracy of RS compared with X-
ray in a systematic literature review.

Inclusion criteria and study
identification

A systematic review of the literature was
conducted in July 2013 using the PubMed data
base of the National Library of Medicine,
Embase and the Cochrane library for relevant
trials indexed between January 1, 1990, and
July 31, 2013. To be included in the literature
review, articles had to meet the following crite-
ria: i) original studies that investigated the
validity of RS compared with X-ray measure-
ment and ii) published between January 1,
1990, and July 31, 2013, in the English, French
or German language. The following search
items were used: rasterstereography, raster-
stereographic AND X-ray, rasterstereography
OR rasterstereographic. Studies were also
excluded if they lacked standard X-ray meas-
urement of the spine, e.g. MR tomography or a
lack of evaluation of spine parameters or if
they analysis of difference in leg length or

[Orthopedic Reviews 2015; 7:5899]

CPpress

Correspondence: Melvin Mohokum,
Fachhochschule fiir Gesundheit Gera GmbH -
University of Applied Science, Neue Strasse 28-
30, 07548 Gera, Germany.

Tel.: +49.02171.9133770 - Fax: +49.02171.9133779.
E-mail: melvin.mohokum@srh-gesundheit-
shochschule.de

Key words: Scoliosis; spinal deformities; raster-
stereography; surface topography; x-ray measure-
ment.

Contributions: MM, conception and design,
acquisition of data, analysis and interpretation of
data, drafted the manuscript; SS, analysis and
interpretation of data, references research, criti-
cal revision; AS, conception and design, acquisi-
tion of data, revising the manuscript critically for
important intellectual content.

Conflict or interest: the authors declare no poten-
tial conflict of interest.

Received for publication: 7 March 2015.
Accepted for publication: 28 June 2015.

This work is licensed under a Creative Commons
Attribution NonCommercial 3.0 License (CC BY-
NC 3.0).

©Copyright M. Mohokum et al., 2015
Licensee PAGEPress, Italy

Orthopedic Reviews 2015; 7:5899
doi:10.4081/0r.2015.5899

pelvic obliquity.
Those papers satisfying these criteria were
retrieved and included in the review.

Data abstraction

An abstraction form was created. Data were
extracted independently on the basis of their
full text by one reviewer, and verified by a sec-
ond. The reviewers were not blinded to the
journal or the author’s name. The accuracy of
the data abstraction was randomly confirmed
in 10% of cases by the initial reviewer, as well
as the second reviewer. The data abstraction
form included: author’s name, year of publica-
tion, investigated parameters, study popula-
tion, x-ray measurement, statistical methods,
outcomes and the QUADAS tool.

Methodological quality assess-
ment

The studies included in this review were
independently appraised for quality by two
authors using the 14-item QUADAS appraisal
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tool.2627 It was developed to assess the diagnos-
tic accuracy of primary diagnostic studies used
in systematic reviews.?

Using this tool, two reviewers (MM and SS)
independently assessed the methodological
quality of each included paper. Any disagree-
ment in respect of study eligibility, data extrac-
tion or methodological quality assessment was
settled through discussion between the
reviewers. If no agreement was reached, a
third reviewer (AS) acted as an adjudicator to
determine the consensus.

Study identification

An appropriate search strategy was con-
structed to ensure that all relevant trials pub-
lished during the study period were identified
(Table 1). A total of 62 citations were identified
through the literature search. All full-text arti-
cles were assessed for eligibility. Twelve stud-
ies were included in the review after this pro-
cedure (Figure 1).2225.2834

Investigated parameters

The vertebral rotation was measured radi-
ographically in nine studies out of the twelve
investigated and compared with the raster-
stereographic surface rotation respective-
ly.141522252840 The lateral deviation was the sec-
ond most frequent parameter mentioned in
three out of four studies by Hackenberg et al.
with five mentions altogether.”??* Kyphotic
angle and lumbar lordosis were investigated
triply. Torso overhang, apex height, lumbar

Total citations identified from literature
search conducted july 2013,
n=204

r duplicates excluded,
l n=143

Total articles retrieved for more
detailed evaluation,
n=61

r Papers identified through
l hand searching, n =1

Full text assessedaccording
inclusion or exclusion criteria,
n=21

Papersincluded, n =12

Figure 1. Flow of the studies through the systematic review.

Table 1. Medline, Cochrane library and EMBASE were checked in July 2013 for appro-
ﬂriate material following the in- and exclusion criteria of this systematic review. The same
eywords were used in all three databases.

50
ol

Rasterstereography 40
Rasterstereography OR rasterstereographic 46
Rasterstereographic AND x-ray 13

Total 99
Limits: publication date (1990-2013); “humans”; language (English, French. German).

O O [—m —
)

103

Table 2. Parameters investigated in the primary studies.

Drerup et al*
Liljenqvist et al.*

Hackenberg et al®
Hackenberg et al*

Hackenberg et al®
Hackenberg et al**

Schulte et al®
Schulte et al.®

—_ e = e [ e [

Weiss et al!
Crawford et al*

la

Frerich et al.
Mangone et al.* I

—
[ N S SO I ST NCY I NCUN PO NN

Total 9 3 1

*According to Stagnara;" "via modified Cobb method;* “via Raimondi method.*
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scoliosis, thoracic scoliosis and pelvic position
were recorded once each. Liljenqvist ef al

All studies investigated patients with spinal
pathologies, e.g. idiopathic scoliosis (Table
The root mean square (RMS) was used for
data evaluation in six studies. Mean values
were also found in five studies. Weiss 2008,

3)‘14,15,22-25,28-40

investigated the highest number of parame-
ters in their study (Table 2).%

Study population

Statistics

Schulte 2008, Frerich 2012 and Magone 2013 et
al. used correlation coefficients for statistical

comparison of the parameters (Table 3).2831-3

The studies produced different results. The

Full-length radiographs of spines on two
planes were made by Liljenqvist et a/.* and
highest RMS for vertebral rotation was meas-

Hackenberg et al * These two authors were the

only ones who determined vertebral rotation

using the Perdriolle method (Table 3).

ured at 7.9 degrees. Smaller values for this
parameter were found by Hackenberg et al

X-ray methods
Study outcomes

and Drerup et al 2223 Crawford et al.** illus-
trated a non-significant association between
the two methods using a ¢-test. Weiss et al.’!

Three studies scoring 12 points and two
studies scoring 11 points on the QUADAS scale

produced a significant difference which will be

discussed later (Table 4).222528:33 40
were evaluated; one study received four out of

14 possible points (Table 5).222328:33:40

QUADAS

scussion

Di

Our systematic review of twelve studies

evaluating the validity of RS shows that the
accuracy of this method varies. Liljenqvist
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In some cases the patients had an idiopathic

scoliosis located in the thoracic, thoracolum-

bar and lumbar parts of the spinal column. The
Some authors investigated more than the

parameters in Table 2. But they didn’t match
them with the radiographic or rasterstereo-
The statistical methods diverged. The RMS
was frequently used as a statistical method. By
calculating the RMS the square results were
However, quantitative evaluation of the
Mohokum et al. however were able to show
that a higher body mass index has no influ-
To be able to further improve research, it is
important to standardise all applied statistical

The most studies scored seven or more of
possible 14 points on the QUADAS scale, which
validity of RS is difficult because RS is based

means that these studies minimum have suffi-

Another problem when comparing absolute
cient methodological quality.

square difference for a vertebral rotation of 7.9
degrees.” The RMS difference of vertebral
rotation comparing digitized x-rays and raster-
studies.?324303 Postoperatively, Hackenberg et
al. state problems when recording radiograph-
ic vertebral rotation according to the Perdriolle
method.** A source of inaccuracy of vertebral
rotation could occur due to metallic implants
hiding the contours of the vertebral bodies and
values became apparent in the study by

pedicles.?
to 92 degrees in Hackenberg.*® Other spinal

pathologies were hyperkyphoses and Morbus

Scheuermann. Healthy volunteers were not

examined.
extracted; these have a smoothing effect on

the absolute values.
Weiss.3! When the rasterstereographic kyphot-

ic angle was compared to the radiometric
kyphotic angle, a correlation of 0.78 according
nificant difference of 14 degrees (P<0.001)

between the two methods, attributed to the
fact that the radiometric kyphotic angle was
measured from Th4 to Thl2, but the raster-
tour. RS will reference outer contours formed
by spinous processes. Furthermore, it is influ-
enced by overlying subcutaneous tissue that
may affect the evaluation of parameters relat-
ed to the internal morphology e.g. the sur-
rounding soft tissue rotates less than the spine
itself. In contrast, radiographic measures are
derived directly from the internal morphology

and consider variability of the spine.®4
ence on the reliability of the method when

on external measurements of the outer con-
used on healthy test volunteers.20

stereographic kyphotic angle was measured

to Pearson was found. A t-test revealed a sig-
from Th1 to Th12.

reported an unacceptably high root-mean-
stereography was considerably lower in other
highest Cobb angle of the scoliosis amounted
graphic correlate because some parameters
are not directly comparable.

“aJenbs ueaul J001 ‘Y :UOLIRIASD PIRPURIS ‘(S

(dnoiSqns) uoneIol [RIJUAA JIDRIOY] ) (=1
(dnorsqns) uomnejol [erjuaA requin| (¢0=1 (dnoisqns) ,(¢< d[sue qqo) gy'(=1 (dnorsqns) ,0¢> s[sue qqoY Ly =1 ‘duIds INUS 7¢'(=169'¢ (S ‘78 Ueaw GY AQ ‘06'S IS ‘Q1°0] UeSW ARI-X

AQ YA O1ORIOYL, T(°¢ @S TGS URSW SY AQ ‘EE°¢ (S ‘§1°6 AS F UeSW ARI-X AQ YA LequinT “[000°0>d Gy’ (1=1) JUBDYIUSIS 18911 06°¢ (IS ‘66F SY Aq UL ‘GE'G (IS ‘¢ 6 ULaW ARI-X AQ (YA) UOHEIOL [RIJUSA w10 12 3UOSURIY
€18°0=1 ‘17 99UBILJIP JO SFURI ‘S3IFAP § BIUSISIJIP AFRISAR SISOPIO] JRqUINT ‘G6L (=1 Fz-] 2IUIBJJIP JO SFURI ‘S3IFAP §°()] SIUIDJJIP
afe1aAe SISOYAAY D10RI0Y, ‘7)80=1 ‘G- SOUSISIJIP JO AFURI ‘SIAIFAP ()", DIUIDJJIP SFRISAR JAINI JIDRIOY], 86/ (=1 ‘77-( SIUIIIJJIP JO dFURI ‘S93IFAP ()f'§ OUSISJJIP dFeIOAR dAIND TeqUINT e 1D 70 DU
*(Juedy1uss jou)
97'0=d AjpAneradoisod ‘(Juedrjiusis Jou) g7 =4 ‘A[pAneradoard uore[a.110d Aydessorpes pue Ayder509.19)s19]sel SISOPIO] Jequin 9/, (IS ‘o 'Sy dn MO[[0] J99M-g A[9AjeIad0)SOd ueaW ‘G| |
as ‘5297 Ajoanreradoald uesur aurjaseq Aydei509.191s19]sel SISOPIO] Jequin ‘dn-Mo[[0] }aM XIS ,1°7] (S ‘,§'¢G ueaul Ajpaneradoaid ) 01 S ‘,F9G Ueau aulrjaseq je AydeIsorpes SISOpIO] Jequin or'/D 72 PIOJMRID)
“(100°0>d 9°6-1) 1891-1 Y} UI $39159P §| JO 9IUIIIJIP JULDYIUSIS ‘g)°() JO UOIIR[1I0 UOSIRA] ‘ ¢ (S ‘.89 Aydeifoaialsiaiser ‘ L1 S ‘,6v Aydeidoper ajue sisoydLy oferany 11D 72 SSIOM
fyde1509193s193SR1 G'() SIY UOTIRIOL
pue Ayder509191s193sel /() SINY UOIIRIASD [e19]] pUe AYdeIZoIpel a[5ue qoy) JUsIdIJa0 UOIIR[A1I0)) ‘UOIIRJOI [BIGDIIAA 0] $9RIFAP G'7 PUR UOIJRIAP [RIA)R] [eIGA}I9A J0] WIW 7'¢ SAIUAIRJJIP SINY o 1D 72 [NYIG

“Apaeradojsod (g1 Aoaneradoaid ,¢'g uoriejol aamd d1oeioy) A1epuodss Aaarjeradolsod (g Ajpaneradoard ,¢'¢] uorejol [e1qa}1aA Jequin
fydei5oaiaisiaisey “dn-mojjoj .69 Aaneradoald (¢ UOIRIOI [RIGRIIBA SAIND JIDRIOY] A1BPU0IAS “dN-MO][0] ()6 A[oA1RIad0aId L6 ]7 UOIIRIOL [R1Ga1IaA Tequin] wnuwixew AyderSoipey :z dnoig
“dn-moy[0J .6} A[eAneradoard 9 g aaInd requun| A1epuodag “dn-moj[oj 30| A[eAnesadoard ¢g] UOIIRIOIAP [RIG}IA

oneloy) Ayderoaialsialsey “dn-mojjoj 18 .60 ‘Ajoaneradoald /7] UOTIEIOI SAIND Tequin| Arepuodag “dn-mojjoj .89 KjaAreradoaid ./ 7] UoneIOI [BIGRIIA JloRIOY) Wnwixew Aydeifoipey ;] dnoin ¢ 1D 72 ANYIG
“onre19d03sod gAY UOISI0] JO UONDRLI0 YIM, &Y Aaneiadoald .8 SINY UOISIO] JO UONIRII0D Ujim UOTIRIOL [eIqa1aA K[oaneiadolsod uorsio)

JO U01}991102 JNOYIM ,7°G ‘A[dArjeIadoaId [G°G JO 9IUAIRJJIP GINY UOISIO) JO UOIIDLI0D JNOYIIM UOTIRIOI [RIqa1IBA A[aAreIadojsod wiul ¢ AjpAreradoald wi 8¢ 99usIJJIp SIAY UOHRIASD [RIdJeT] y7 1D 92 519quaydRy

foaeradojsod ,7¢ Aaneradoald ¢y 20UaIBJIP SNY AU} UOISIO) JUNI) JO UOHILI0D ()M

joaneradojsod 1y Aoarieradoald g6 90UaIaJJIP GINY UOISIO] JUNI) JO UOTIALI0) INOYIM (YA) UOTIR0I [RIGalIa AoArieiadoisod wul ¢ ‘AjoArreradoad W 9 90UaIaJJIp GINY UOTIRIASPD [e1d}eT] ¢ ID 72 819qUaYIRY
ob'f SOAIND UOIRIOI 9IBJINS PU [RIGIISA J0] ‘WW §°G UOIRIASP [B13]e] JO IUDIRIJIP SINY o5elany 1D 72 819quayoey
o871 Apaneiadoaid iy “eateiadoisod g0 Afeaneradoald ,¢'g] uorelod 9oejIns “xew oyderfoaalsiaysel Kaaneradoisod .2 9] Aeaneiadoald 7 6z uonejos [eigaiaa [eorde Aydersoipey o ID 10 §19qUasIRY

(s1s01102s JO 9dA) U0 spuadap) SINY 6L 5eIdAR UO BIGA}IAA [IIdR JO UOIRI0Y ‘WD
€9°() pealds [edNSIIe]S URAU d0UR[R( JIA[RJ WD /('] Pealds [ed1SIeIS Uealll SURYISAO 0SI0], “SINY o] 9SeISIP S, UUBWLIANAYIG YIM SISOPIO] JRqUINT ‘SIAY ,9°'G 9SeSIP S, UURWLIBNSYIS UM SISOYdAY

JMDRIOY], "SINY oF'L UonISodew 21101098 ‘SINY o679 SISOI0IS Tequin| pue J1DRIOY) ‘SIY o8°L SISOI0S JIRIOY) ¢,7'§ SINJRAIND I9MO] ‘SINY o[°L @InJeaInd Jaddn SIS0100S Io[eW-AqNOP :d[FUR qq0Y) o' 1D 32 3SIADUAI[I]
ofL 318UB 440D Jo 0§ ‘W gp— 1Sy
xade ur 90uaIaIp ‘¢z apnjidure uoriejo Jo (1§ ‘wu () apnjydure sAInD [e1a3e] Jo (S ‘(o 1°¢) $991Fap L7 UOIIRIOI JO UOIRIARD SINY ‘(W §p) W ¢ (Jejuod)) aurpiut [eurds 8y} Jo UOTIRIARD SIAY yeID 70 dnaai(

.%J&wuwoououm.-uumﬁ pu® JuswIINSEIW Aer-x u23MIq uvostredwo)) 3 31qey,

[page 71]

[Orthopedic Reviews 2015; 7:5899]

OPEN 8ACCESS



oo o
= oe—
— =
—_ =
= =
o o

%

(%]

2

=

=

B

1] O -

]

=

172}

g

,“ — —

=

Yt

£

—_

(=}

e — -

Ll

-

=]

[

g

2]

@

[

2 o o

2

R

=

3

o

QL

2 — -

=l

)

é

>

[=}]

-

&0

s

5

Yt

Q

9

g - =~

]

B,

<

s

<

E —

B

@

.2

=

3 .

% £

— = S

< S

. =

w v .

I %g'

—_ ==

| £&

= a3

[page 72]

(=)

—

=

—

Hackenberg et al.*

~—

=1

Hackenberg et al*

[

Hackenberg et al.”

=5

Hackenberg et al.*
Schulte et al®

Schulte et al.®
Weiss et al 3!

Crawford et al.®
Frerich et al®

Mangone et al.*

Total

11

12

11

12

10

12

u, unclear.

methods. Useful and suitable methods, in
addition to mean values, standard deviation,
scattering etc., would be a continuous evalua-
tion of the correlation coefficient (e.g.
Pearson) and the RMS. Ideally, in diagnostic
studies involving rasterstereography, i.e. dur-
ing an evaluation if the method appropriately
detects spinal disorders according to current
standards, a statement about the sensitivity
and specificity should be made. Questions
about influential factors such as the thickness
of skin folds, body weight, body height, scars,
etc. should be systematically included in fur-
ther study designs.

Conclusions

Rasterstereography facilitates clinical prac-

tice by examining the spinal column. Further,
it is completely radiation free and could help
to monitor scoliosis progression. It can be
used for screening examinations as well as for
follow-ups and a diagnostic method for spinal
scoliosis.
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