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Summary.  Computed tomography (CT) scans are widely 
used for quantification of the morphology of the vertebral 
body and of the changes of the thoracic cage in the hori- 
zontal plane in scoliosis. So far, however, no method ex- 
ists for precise quantification of the parameters of the pos- 
terior elements. We present a method for quantification on 
the basis of CT scans of different parameters of the mor- 
phology of both the vertebral body and posterior elements 
in the horizontal plane. The precision and accuracy of the 
method were estimated in a model study by CT scanning 
of a normal and a scoliotic vertebra in different, con- 
trolled, tilted positions. Moreover, in a clinical study CT 
scans of 19 thoracic vertebrae from non-scoliotic subjects 
and the apex vertebra from 40 scoliotic subjects were se- 
lected to test the applicability of the method to clinical 
studies. The intra- and interobserver variation of the mea- 
surements was analysed. The angle between the longitudi- 
nal axis of the vertebral body and that of the whole verte- 
bra was used to evaluate the asymmetry of the vertebral 
body. The right to left pedicle width index, the right to left 
hemi-canal width index and the index of transverse pro- 
cess angles related to the axis of the vertebra were used to 
quantify the asymmetry of the posterior elements. The re- 
sults indicate that, except for the pedicle width index, the 
variables under study were not significantly influenced by 
a 5 ~ or 10 ~ tilt ventrally, dorsally, or laterally of either the 
normal or the scoliotic vertebra. Hence, the method can be 
satisfactorily applied to longitudinal group comparisons. 
However, its use in longitudinal studies of individual pa- 
tients is questionable. 
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The morphological vertebral changes occurring in the 
horizontal plane in scoliosis were recognized as early as at 
the beginning of the 19th century [7]. Although the asym- 
metry of the vertebral body and posterior elements has 
been described in experimental [5] and human [6] scolio- 
sis, it has been difficult to quantify the morphological 
changes of a vertebra in the horizontal plane on plain ra- 
diographs. 

The introduction of a new method in 1978 (computed 
tomography, CT) provided the possibility for quantifica- 
tion in vivo of the vertebral morphology and thoracic de- 
formity in the horizontal plane [1, 2]. This method has so 
far been used almost exclusively for estimation of the ro- 
tation along the longitudinal axis [4, 9], but no method has 
been reported for studies of the structural changes of the 
posterior elements. 

In this study, a method has been derived for quantifi- 
cation of the morphology not only of the anterior but also 
of the posterior parts of the vertebra on CT scans. It was 
tested in a model study of one normal and one scoliotic 
vertebra at different standardized tilting positions and in 
clinical material, and the intra- and interobserver preci- 
sion of the measurements was estimated. 

Materials and methods 

Model study 

One isolated normal vertebra and the apex vertebra of a right con- 
vex thoracic scoliotic spine were used in this study. Both vertebrae 
were skeletally mature (Fig. 1). The age of the individuals was un- 
known. The scoliotic vertebra probably belonged to a subject with 
severe scoliosis. 

Each vertebra was fixed in a device used in an earlier study 
(the accuracy of the goniometer was 1 ~ which allowed gradual ro- 
tation in the frontal and horizontal planes [ 1 ]. Rotation in the sagit- 
tal plane was obtained by tilting the gantry of the CT (Fig. 2). The 
anteroposterior axis of each vertebra was set at 0 ~ and the CT scan 
section was parallel to the lower endplate of each vertebra. This 
position was considered the neutral position. 



Fig. 1. Radiographs in the frontal (a), sagittal (b) and horizontal (e) 
planes of the scoliotic vertebra in the model study 

Fig.2.  The device used for CT scanning of the scoliotic vertebra in 
the model study 

Nine CT scans were taken of the normal verebra in the cranio- 
caudal direction. For the scoliotic vertebra, the sections were lim- 
ited to the upper 2/3 of the vertebra parallel to the lower endplate 
in order to obtain images of the section through the pedicles and 
the transverse processes. Measurements obtained with the vertebra 
in the neutral position were used as reference values. Each speci- 
men was tilted by 5 ~ and 10 ~ ventrally or dorsally, respectively, 
and again by 5 ~ 10 ~ and 15 ~ laterally to one side. 

Due to the inegutar morphological characteristics and the tilting 
of the observed normal and scoliotic vertebrae, usually one or at most 
two CT sections inlcuded the vertebral body, both pedicles, the canal, 
both transverse processes, and both laminae. When the vertebra was 
tilted laterally by 15 ~ or more, neither of the transverse processes was 
imaged in any CT sections, in the normal or in the scoliotic vertebra. 
Therefore, the values at 15 ~ lateral tilting were excluded. 

The following points were marked on each of the CT sections 
studied, a the anterior midpoint of the vertebral body, which is the 
point farthest away from point b; b, the anterior midpoint of the 
medullary canal; c the posterior midpoint of the medullary canal. 
A line was drawn between points a and b and one through b and c, 
representing the longitudinal axis of the vertebral body and the 
longitudinal axis of the whole vertebra, respectively. 

The mid-axis of the transverse process was defined as the mid- 
line of the transverse process through the midpoint of the tip (t,t'). 
The right and the left transverse process axes meet line bc at point 
o and o",  respectively (Fig. 3). 

The following measurements were made: 

1. The angle between the vertebral body longitudinal axis (ab) and 
the extension of the line bc representing the longitudinal axis of 
the whole vertebra (VBVA). This anlge reflects the magnitude 
of the modelling drift of the scoliotic vertebral body towards 
the concavity [7]. 

2. The narrowest width of the right and the left pedicle for the nor- 
mal vertebra (PWr or PWl) or the convex and the concave for 
the scoliotic vertebra (PWcx or PWcv), respectively. 

3. The axis of the vertebra, i.e. the extension of line bc, divides the 
medullary canal into two parts. The greatest width of the right 
and left hemidiameter for the normal vertebra (CWr or CW1) or 
the convex and the concave for the scoliotic vertebra (CWcx or 
CWcv). 

4. The angle between the right (convex) and the left (concave) 
transverse process axis (to or t ' o ' )  and the axis of the vertebra 
(bc), expressed as TPAr or TPAcx and TPA1 or TPAcv, respec- 
tively (Fig. 3). 

From these measurements the following indices were computed: 

1. PWi, the pedicle width index: PWr/PW1 for the normal or 
PWcx/PWcv for the scoliotic vertebra. 
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Fig.3. Drawing showing the 
points and lines used to measure 
the parameters examined in nor- 
mal and scoliotic vertebrae: a, the 
anterior midpoint of the vertebral 
body which is the farthest from 
point b; b, the anterior midpoint of 
the medullary canal; c the poste- 
rior midpoint of the medullary 
canal; ab, the longitudinal axis of 
the vertebral body; bc, the longitu- 
dinal axis of the whole vertebra; 
to, t'o', the mid-axis of the trans- 
verse processes; pw, the narrowest 
width of the pedicles; cw, the 
greatest width of the hemi-diame- 
ter of the medullary canal 

2. CWi, the canal width index: CWr/CW1 or CWcx/CWcv. 

3. TPAi, the transverse process angle index: TPAr/TPA1 and 
TPAcx/TPAcv, respectively. 

Distances were measured using a micrometer (accuracy 0.1 mm) 
and angles with a goniometer (accuracy 1~ 

The means of ten measurements carried out by observer A 
were calculated for each tilting position of both vertebral speci- 
mens. Morever, three observers (A, B and C) independently mea- 
sured all parameters twice at each tilted position of both vertebrae. 
The interval between measurements by each observer was at least 
1 day. 

Clinical study 

In order to estimate the applicability of the method, the same para- 
meters were measured on the CT scans of 19 vertebrae from non- 
scoliotic subjects at the T8-10 level and 40 apex vertebrae from 
subjects with thoracic scoliosis. Measurements of the CT scans 
of the vertebrae from the non-scoliotic and scoliotic subjects 
were carried out twice by one observer (A) and once by another 
(B). 

Statistics 

Student' s t-test was used to evaluate the influence of vertebral tilt 
on the measured parameters as compared with the corresponding 
values in the non-tilted position. The intra- and interobserver pre- 
cision is expressed as SD. 

R e s u l t s  

Model study 

Normal vertebra. T h e  V B V A ,  the  C W i  and the T P A i  w e r e  
no t  s ign i f i can t ly  d i f fe ren t  b e t w e e n  the  va r ious  t i l ted pos i -  
t ions  c o m p a r e d  wi th  the  neut ra l  pos i t ion .  H o w e v e r ,  the  
ped i c l e  wid th  i ndex  (PWi)  was  s ign i f i can t ly  sma l l e r  than 
the  r e f e r e n c e  va lue  w h e n  the  ve r t eb ra  was  t i l ted la tera l ly  
by  10 ~ or  m o r e  (Table  1). 

T h e  a v e r a g e  i n t r aobse rve r  p rec i s ion ,  e x p r e s s e d  as the  
S D  for  the  r e spec t i ve  m e a s u r e m e n t s ,  was  0.2 ~ for  V B V A ,  
0 .022  fo r  P W i ,  0 .03 fo r  C W i  and  0 .045  fo r  T P A i  (Tab le  
2). 

Scoliotic vertebra. T h e  P W i  was  s ign i f i can t ly  sma l l e r  at 
the  10 ~ la tera l ly  t i l ted pos i t i on  c o m p a r e d  wi th  the  neut ra l  
pos i t ion .  N o  s ign i f i can t  changes  o f  the  o ther  pa ramete r s  
w e r e  found  for  the  va r ious  t i l ted  pos i t ions  o f  the  ve r t eb ra  
(Table  3). 

T h e  intraobserver precision (SD)  was  1.6 ~ for  V B V A ,  
0 .243  for  P W i ,  0 .035  fo r  C W i  and  0 .05 fo r  T P A i  (Tab le  
4). 

T h e  interobserver precision (SD)  o f  the m e a s u r e m e n t s  
o f  the n o r m a l  ve r t eb ra  was  0.4 ~ for  V B V A ,  0.037 for  PWi,  
0 .056 for  C W i  and 0.085 for  TPAi ,  and for  the  sco l io t ic  
ve r t eb ra  2 .2  ~ 0 .356,  0.07 and 0 .082,  respec t ive ly .  

Table 1. The influence of the tilt of the nor- 
mal vertebra in different positions on vari- 
ous indices (mean + SD of ten measure- 
ments by one observer 

Position n VBVA PWi CWi TPAi 

Neutral 10 ~ 0 ~ _+ 0 ~ 1.002 _+ 0.016 1.008 + 0.04 

5~ 10 ~ 0 ~ + 0 ~ 0.994 _+ 0.021 1.013 _+ 0.049 

10~ 10 ~ 0 ~ + 0 ~ 0.997 _+ 0.02 1.010 _+ 0.013 

5~ 10 ~ 0 ~ _+ 0 ~ 0.997 + 0.019 1.013 +_ 0.049 

10~ 10 ~ 0 ~ + 0 ~ 1.019 + 0.027 1.009 + 0.042 

5~ 10 ~ 0 ~ + 0 ~ 0.988 + 0.025 1.017 + 0.043 

10~ 10 ~ 0 ~ + 0 ~ 0.930 _+ 0.005** 1.022 + 0.033 

1.221 + 0.063 

1.151 _+ 0.072 

1.204 + 0.054 

1.206 +_ 0.04 

1.179 _+ 0.05 

1.245 _+ 0.047 

1.201 +_ 0.047 

** P<0.01 compared with the corresponding value in neutral position for abbreviations, 
see text 



Table 2. Intraobserver precision (SD) of the first and second mea- 
surements of the normal vertebra performed by three observers 

Observer VBVA PWi CWi TPAi 

A 0 ~ 0.016 0.021 0.049 
B 0.5 ~ 0.029 0.032 0.032 
C 0 ~ 0.021 0.036 0.055 

Average 0.2 ~ 0.022 0.030 0.045 

Clinical study 

The in t raobserver  difference for 59 CT scans of  the tho- 
racic ver tebrae  at t h e T 8 - 1 0  level  (19 normal  and 40 scol-  
iotic apex ver tebrae)  was not  s ignif icant  for the pa rame-  
ters measured.  The in terobserver  difference,  except  for 
TPAi,  was not  significant .  The  in t raobserver  prec is ion  
(SD) was 2.4 ~ for VBVA, 0.108 for PWi,  0.059 for CWi  
and 0.050 for TPAi.  The in terobserver  prec is ion  (SD) was 
2.9 ~ , 0.119, 0.096 and 0.094, respect ively.  

D i s c u s s i o n  

The p rec i s ion  o f  measu remen t s  o f  skele ta l  s tructures 
m a y  be in f luenced  by  three sources  o f  var iabi l i ty :  the pa-  
tient,  the p rocedure  and the c l in ic ian  [8]. Consequent ly ,  
the sources  of  er ror  in this s tudy cou ld  depend  on the 
level  of  the ver tebrae  examined ,  the p rocedure  i t se l f  and 
the va r i ab i l i ty  o f  the measu remen t s  by  the ind iv idua l  ob-  
servers.  

The aim of  the mode l  s tudy was to quant i fy separa te ly  
the variat ions of  the parameters  examined  and to test the 
var iabi l i ty  of  the measurements  be tween  the individual  
observers .  Since the s tudy was carr ied out with wel l -de-  
f ined and contro l led  ti l t ing of  the ver tebra  and under  stan- 
dard ized  CT condi t ions ,  the sources o f  error  arising f rom 
the mater ia l  used and the procedure  i tself  were el imi-  
nated. Moreover ,  the use of  angles and relat ive values,  
such as indices,  rather than absolute  values  were consid-  
ered to improve  further the accuracy  of  the measurements  
for compara t ive  studies.  

Wi th  regard  to the var iab i l i ty  of  the measurements  de-  
pend ing  on the ind iv idua l  observer ,  there are two main  
sources  o f  error, i.e. ascer ta in ing s tandard ized  topo-  
graphic  points  on the image  and the exper ience  and skil l  
o f  the ind iv idua l  observer  to pe r fo rm those measure -  

ments.  Both  are unavo idab le  c o m m o n  sources of  error  in 
all  such studies.  The  or ig inal  CT me thod  for  the es t ima-  
t ion of  ver tebra l  rota t ion [1, 2] has been  found  unsat is-  
fac tory  by  other  authors [9]. The  accuracy  of  the mea-  
surements  is ,however ,  usual ly  es t imated  by  analysis  o f  
the intra- and in te robserver  variat ions.  In this study, the 
in t raobserver  d i f ference (SD) was less for the more  expe-  
r ienced observers  A and B than for observer  C, indica t ing  
that ski l l  inf luences  the eva lua t ion  of  the measurements .  
However ,  as a whole  both the intra-  and in te robserver  de-  
grees  o f  p rec i s ion  were  sa t is factory  for group compar -  
isons. 

The inter- and in t raobserver  prec is ion  o f  the parame-  
ters examined  in the mode l  s tudy was h igher  in the normal  
than in the scol iot ic  vertebra.  This can be expla ined  by  the 
deformi ty  of  the scol iot ic  ver tebra  caused by  model l ing .  

VBVA reflects  the magni tude  of  the ver tebral  body  
mode l l ing  towards  the concavi ty  of  the scoliosis .  Nei ther  
in the normal  nor  in the scol iot ic  ver tebral  spec imen was 
VBVA inf luenced by  a 10 ~ tilting. The var ia t ion o f  VBVA 
measurements  in the scol iot ic  ver tebra  used resul ted f rom 
the diff icul ty in ident i fy ing the point  a furthest  f rom point  
b, because  of  the b lurred r idge of  the ver tebral  body  on 
the CT scans. 

PWi,  CWi  and TPAi were  used to evaluate  the asym-  
metry  of  the pos ter ior  e lements  o f  the ver tebra  in scol io-  
sis. PWi  was s ignif icant ly  inf luenced by  a ver tebral  lateral  
tilt o f  10 ~ indicat ing that a symmet ry  of  pedic le  width 
should not  be based  on PWi  alone. The CWi  of  both, the 
normal  and the scol iot ic  ver tebrae  were not  s ignif icant ly  
changed by  a 10 ~ tilt. The variat ions of  PWi  and CWi  
were main ly  caused by  the i r regular  shape of  the pedicles .  
TPAi showed no s ignif icant  var ia t ion with a tilt of  up to 
10 ~ If  the ver tebra  tilts more  than 10 ~ laterally,  the two 
t ransverse  processes  will  not  be imaged  on the same CT 
section. The i r regular  contour  o f  the tip and the non- 
straight  form of  the t ransvers  process  m a y  make  determi-  
nat ion of  its middle  axis difficult ,  which may  expla in  the 
var ia t ion in the measurements .  

The CT scans of  the thoracic  ver tebrae  from 59 non- 
scol iot ic  and scol iot ic  subjects  inc luding the ver tebral  
body  and both t ransverse  processes  were cons idered  not  
to be t i l ted by  more  than 10 ~ The fact that the intra- and 
in terobserver  differences are s imilar  to those of  the mode l  
s tudy impl ies  that the method  can also be put  to pract ical  
use. 

In this study, a new method  is presented  for morpho-  
metr ic  studies not  only  of  the body  but  also of  the poste-  

Table 3. The influence of the tilt of the sco- 
liotic vertebra in different positions on vari- 
ous indices (mean + SD of ten measure- 
ments by one observer) 

Position n VBVA PWi CWi TPAi 

Neutral 10 ~ 17.5 ~ + 1.4 ~ 2.980 + 0.048 0.690 _+ 0.025 
5~ 10 ~ 18.4 ~ _+ 1.5 ~ 2.984 _+ 0.059 0.701 + 0.029 
10~ 10 ~ 18.8 ~ + 1.2 ~ 2.946 _+ 0.082 0.689 _+ 0.029 
5~ 10 ~ 17.2 ~ + 1.3 ~ 2.980 + 0.048 0.689 _+ 0.037 
10~ 10 ~ 18.0 ~ _+ 0.8 ~ 2.980 _+ 0.103 0.691 + 0.031 
5~ 10 ~ 17.9 ~ + 1.0 ~ 2.936 + 0.09 0.699 + 0.026 
10~ 10 ~ 18.8 ~ + 1.3 ~ 2.864 _+ 0.105" 0.693 _+ 0.031 

* P < 0.05 compared with the corresponding value in neutral position 

1.183 + 0.063 
1.190 _+ 0.039 
1.177 _+ 0.028 
1.205 _+_+ 0.074 
1.179 _+ 0.056 
1.234 + 0.107 
1.235 + 0.046 
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Table 4. Intraobserver precision (SD) of the first and second mea- 
surements of the scoliotic vertebra performed by three obersvers 

Observer VBVA PWi CWi TPAi 

A 0.5 ~ 0.076 0.022 0.040 

B 1.3 ~ 0.145 0.031 0.035 

C 3.0 ~ 0.509 0.051 0.076 

Average 1.6 ~ 0.243 0.035 0.050 

rior elements of normal  and scoliotic vertebrae in the hor- 
izontal plane. VBVA, CWi and TPAi are not inf luenced by 
vertebral tilting up to 10 ~ and can therefore be quantif ied 
on CT scans, whereas PWi can be used only for approxi- 
mative estimation of the pedicle width asymmetry. The re- 
sults indicate that the precision of the method is sufficient 
for group comparisons.  However,  because of the high SD 
of the interobserver measurements ,  used of the method for 
longitudinal  studies of individual  patients is questionable,  
but not for longitudinal  group comparisons,  provided that 
the number  of observations in each group is sufficiently 
large. 
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