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ORIGINAL ARTICLE

Correction of flexible thoracic scoliosis below
65 degrees—A radiological comparison

of anterior versus posterior segmental
instrumentation applied to similar curves

Abstract Direct comparison of the
correction of scoliosis achieved by
different surgical methods is usually
limited by the heterogeneity of the
patients analyzed (their age, curve
pattern, curve magnitude, etc.). The
hypothesis is that an analysis of
comparable scoliotic curves treated
by different implant systems could
detect subtle differences in outcome.
The objective of this study was
therefore: (1) to measure the 3D
radiological parameters of scoliotic
deformity and to quantify their
postoperative changes, and (2) to
compare the radiographic results
achieved with one anterior and one
posterior instrumentation methods
applied to similar curves but repre-
senting different mechanisms of
correction. Material and methods:
The clinical notes and radiographs
of 46 patients operated on for ado-
lescent idiopathic scoliosis were re-
viewed. The inclusion criteria
consisted of: a single thoracic curve,
right convex, a frontal Cobb angle
minimum of 45° and a maximum of
65°, flexibility on a lateral bending
test of more than 30%, and a Risser
test value of between 1 and 4. The
operative procedures were: Cotrel-
Dubousset instrumentation (CDI)
for 25 patients (the CD group) and
correction by anterior instrumenta-
tion (Pouliquen plate) for 21 patients

(the ANT group). Preoperative and
postoperative long cassette standing
antero-posterior and lateral radio-
graphs were examined. The frontal
and sagittal thoracic Cobb angle,
apical vertebra transposition (AVT),
apical vertebra rotation (AVR),
lowest instrumented vertebra (LIV)
tilt, C7 vertebra shift and rib cage
shift (RCS) were all compared. A
computed reconstruction was pro-
duced with Rachis-91 software.
Vertebral axial rotation angle was
evaluated throughout the spine.
Results: Postoperative assessment
revealed a mean correction of the
frontal Cobb angle of 37.0° for the
CD group and 41.0° for the ANT
group. The AVT operative correc-
tion was 45.8 and 42.7 mm, respec-
tively, and AVR correction was 1.8
and 12.6°, respectively. The postop-
erative change of the sagittal Th4—
Th12 Cobb angle was not significant
for any method but it was significant
(P=0.05) for the CD group if the
curves were divided preoperatively
into hypokyphotic and normokyph-
otic subgroups and then analyzed
separately. Computed assessment
demonstrated a correction of seg-
mental axial rotation of more than
50% in the main thoracic curve in
the ANT group, significantly more
than that in the CD group
(P<0.001). Conclusions: Anterior
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instrumentation provided better
correction of the vertebral axial
rotation and of the rib hump. CD
instrumentation was more powerful

Introduction

The objective of surgical treatment of idiopathic scoli-
osis is to obtain a stable and balanced spine. The cor-
rection of the primary curve should be 3D [12].
Rotational deformity of the thoracic spine, developing
in the transverse plane, and clinically expressed by the
rib hump is probably the most difficult to address. Re-
cently attention has been paid to the potential value of
anterior surgery [1, 8, 14, 17, 21, 23]. An anterior ap-
proach spares the posterior back muscles, shortens the
anterior column of the spine and provides a powerful
force arm to rotate the vertebrae of the apical zone [14,
21]. Anterior surgery can avoid the fusion of one or even
more vertebrae [1] and probably helps to avoid the
crankshaft phenomenon [11] in immature patients. The
quality of the interbody fusion appears equal that with
the posterior fusion. On the other hand, the approach is
considered more demanding, any subsequent hardware
or septic complications are more difficult to treat and the
long-term respiratory involvement of the transpleural
approach is not clear.

We focused our study on biomechanical differences
of correction of single thoracic curve with anterior
versus posterior instrumentation. We believed that
comparing 3D radiological patomorphology of spinal
curves could assess them. Cotrel-Dubousset instru-
mentation (CDI) [6, 7] was taken for posterior cor-
rection while Pouliquen anterior plate [24] was chosen
for anterior system. Although the comparison of de-
vices is less interesting, comparing the mechanisms
seems to be clinically important. We propose to con-
sider different implant systems according to: (1) the
number of implant sites, determining the number of
available fixation points, (2) the anatomic location of
implant sites in the vertebra, indicating the points
of application of the corrective force, (3) the direction
of the corrective force.

The two methods compared in our study represent
markedly different mechanisms of action. The poster-
ior Cotrel-Dubousset segmental multiple hook system
involves a ‘“‘derotation maneuver” with a prebent rod.
It applies translation forces to the posterior elements
(laminae, articular processes) of so-called strategic
vertebrae of the curve. A multi-point application of
the corrective force is provided and the direction of
this corrective force is transverse, even if additional
distraction is sometimes applied to the concavity. For
an anterior instrumentation method, we have referred

in translation and more specifically
addressed the sagittal plane: the
postoperative thoracic kyphosis an-
gle increased in the hypokyphotic

curves and slightly decreased in the
normokyphotic curves.

Keyword 3D scoliosis correction

to the vertebral plating technique, practiced in a few
centers whose medium-term results have already been
published [24]. This system provides a segmental ac-
tion and applies transverse forces to the vertebral
bodies of the primary curve. The technique consists of
a transpleural approach, through a single thoracotomy
without detachment of the diaphragm, if the lowest
instrumented level is not below L1. After the discs and
cartilaginous vertebral end plates are removed, a
titanium plate contoured for kyphosis is applied to the
lateral surface of vertebral bodies on the convex side
of the curve and gradually fixed with spongieous

screws [24]. All vertebrae of primary curve are
instrumented.
Several anterior devices have been developed

including the anterior TSRH [28], Harms-MOSS [1],
Zielke [20, 31], Halm [14], Hopf [17] and Eclipse [23].
Comparison of the correction obtained after anterior
versus posterior surgery can be made directly if similar
curves are instrumented by each technique. In practice
the anterior approach is mainly used for lumbar and
thoracolumbar curves [1, 14, 28] while posterior
instrumentation is often preferred for the thoracic level.
That is why we attempted to evaluate the correction
achieved with two different implant systems applied to
groups of patients with scoliosis of a comparable pat-
tern and degree of deformity. Due to this initial selec-
tion, the scoliotic curves presented similar mechanical
properties and the postoperative morphology of the
spines could be directly compared. Factors such as
morbidity, blood loss, extensiveness of anterior versus
posterior liberation of the curve, instrumentation
complexity, quality of spinal fusion, postoperative
bracing or the cost of treatment were not analyzed in
this study.

Material

The criteria for inclusion in the study were as follows: an
adolescent idiopathic single right thoracic curve (Lenke
type 1 [27], King type 3 [18]), the superior limit vertebra
at Th4 or ThS5, apical vertebra at Th8 or Th9, the
inferior limit vertebra at Th12 or L1, a Cobb angle [5]
value of 45° minimum and 65° maximum, angular cor-
rection of the thoracic curve on a lateral bending
radiograph of 30% minimum, the presence of a
compensatory non-structural left lumbar curve fully
corrected on a lateral bending test, the presence of a
compensatory non-structural left upper thoracic curve,
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limited proximally by a horizontal Thl vertebra, the
lowest instrumented vertebra (LIV) not below L2, a
Risser test [25] value of one minimum and four maxi-
mum, females after the menarche, no previous brace
treatment and with full documentation accessible.

The clinical charts and radiographs of 46 patients
were evaluated. About 25 patients underwent CDI at the
Institution 1 (the CD group, Fig. 1). Twenty-one pa-
tients were corrected by anterior plating at the Institu-
tion 2 (the ANT group, Fig. 2).

The 25 patients of the CD group represented a con-
secutive series of patients meeting the inclusion criteria
and having suitable documentation derived from 342
CD procedures executed in the Hoépital Saint Vincent-
de-Paul, Paris 1989-1994. The mean follow-up was of
3.5 years (from 2 to 8 years). The 21 patients of the
ANT group were representative of the 235 patients who
fulfilled the inclusion criteria, and who were treated by
anterior plating in the Hopital Necker-Enfants Malades,

Fig. 1 Preoperative and post-
operative frontal radiographs of
a patient from CD group

Paris between 1977 and 1995. The mean follow-up was
of 6 years (from 2 to 19 years).

The CD group included 20 girls and five boys, and
the ANT group 17 girls and four boys. In all cases the
instrumentation and fusion involved the whole thoracic
curve from the superior limit vertebra to the inferior
limit vertebra. In the CD group the LIV was the infe-
rior limit vertebra in ten cases, one level below the
inferior limit vertebra in 14 cases and two levels below in
one case. In the ANT group the LIV was the inferior
limit vertebra in five cases, one level below the inferior
limit vertebra in 12 cases and two levels below the
inferior limit vertebra in four cases. Of the 46 curves, the
LIV was Th12 in six cases, L1 in 26 cases and L2 in 14
cases. The rest of the lumbar spine was spared from
fusion. An iliac autograft and rib autograft were used
during posterior and anterior surgery, respectively, to
enhance the spinal fusion.
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Methods

The patients’ height and the rib hump height on Adams’
forward bending test were noted. No surface topogra-
phy of the patients was recorded and no more clinical
data suitable for statistical analyses were found in the
charts.

Standing antero-posterior and lateral radiographs
included the whole spine and pelvis (long cassette) [10].
The pelvis in each case was level. The following elements
were defined on each radiograph: the superior and
inferior limit vertebra, the apical vertebra, the LIV, the
central sacral line (CSL) [18], the stable vertebra of King
[18]. The CSL was drawn as a vertical line bisecting the
sacrum (CSVL) [19].

The following parameters were measured on the
radiographs: the frontal Cobb angle [5], the sagittal
thoracic Cobb angle between the superior plate of Th4

Fig. 2 a Preoperative and post-
operative frontal radiograph of
a patient from ANT group.

b Preoperative and postopera-
tive lateral radiograph of a
patient from ANT group

and the inferior plate of Thl2, the apical vertebra
transposition (AVT) defined as the distance between the
CSL and the center of the apical vertebra or the center of
the apical disc, the apical vertebra axial rotation (AVR)
according to Perdriolle [22], the tilt of the LIV, the C7
shift defined as the horizontal distance from the CSL to
the tip of the spinous process of C7, and the rib cage
shift (RCS) defined as the difference of two horizontal
distances from the CSL to the most lateral thoracic
contour: one on the convex and the other on the concave
side. For the AVT, C7 shift and the RCS, positive values
denoted rightward displacement and negative values
denoted leftward displacement as measured from the
CSL. For the sagittal Cobb angle, negative values de-
noted lordosis between Th4 and Th12. For the LIV tilt,
negative values denoted a vertebral tilt towards the left.

The 3D reconstruction of radiographs was made
according to direct linear transformation principles
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Fig. 2 (Contd.)

[4, 16]. From the a-p and lateral radiographs the aspects
of the thoracic, lumbar, and sacral vertebrae were digi-
tized by means of a sonic digitizer GP-9 (SAC, USA)
connected to a standard PC. The software was RACHIS
91TM made by Hecquet and Rachis [15] and Graf et al.
[13]. Apart from the C7 shift and the rib cage shift, all
the parameters previously measured manually, were
calculated by the program and analyzed segmentally. A
view of the spine from above (top view) was created for
each curve. Preoperative and postoperative vertebral
axial rotation angles were calculated by the RACHIS
software for each segment and compared between the
two groups (Figs. 3, 4).

A comparison of the preoperative parameters was
made to assess the initial similarity of groups. All

.

the parameters were also compared postoperatively. The
minima, maxima, means and standard deviations were
calculated for each parameter. The normal distribution
was determined. The Student’s ¢-test was used for nor-
mal ranged parameters, and the Mann-Whitney or
Wilcoxon test for not normal range. The parameters
measured manually were compared with those calcu-
lated by the RACHIS software, and the correlation was
established using the Pearson’s linear coefficient. A P
value of 0.05 was considered significant. The STATIS-
TICA software (StatSoft, USA) was used.

An additional analysis was performed in the CD
group for the operative sagittal Cobb angle correction.
Two subgroups were identified according to the angle of
kyphosis as measured on the preoperative lateral
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Fig. 3 Segmental vertebral ax-

ial rotation angle (in degrees) in
the ANT group (N=21) mea-
sured by RACHIS software
according to the Perdriolle
method. The values are pre-
sented as the mean + SD for
each vertebral level. Squares
indicate mean preoperative val-
ues and triangles indicate mean
postoperative values
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radiographs. These were a hypokyphotic subgroup,
consisting of 14 curves with a sagittal Th4-Th12 angle of
less than 15° and a normokyphotic subgroup, which
consisted of 11 curves with an angle of more than 15°.
The operative change of the thoracic kyphosis angle was
calculated separately for each subgroup.

Results

On the preoperative radiographs there were no statisti-
cally significant differences (P <0.05) between the CD
group and the ANT group regarding the values of the
frontal and sagittal Cobb angle, AVT, AVR, C7 shift and
rib cage shift (Table 1). The two groups contained curves
fully comparable in terms of severity of deformity.

No deaths, neurologic complications, infections or
hardware problems occurred in either group. No

L1
Th12 L2

Tha Th11
Th10

Th?

Tha ThE Th3 L4

additional external support was used both for the CD
and the ANT patients. The patients’ height increased
after operation in each group (P <0.01). The increase
was significantly superior in the CD group compared to
that in the ANT group (P<0.01), Table 2. The rib
hump, as assessed by Adams’ forward bending test,
significantly decreased after both the CD procedure and
anterior plating (P <0.01). A significantly greater cor-
rection of the rib hump (P<0.001) was noted in the
ANT group than in the CD group.

The preoperative and postoperative values of the
radiological parameters for each method are summa-
rized in Table 1, and the operative correction is given in
Table 2.

In the CD hypokyphotic subgroup the sagittal Cobb
angle before operation was 5.4 £8.2° while, after oper-
ation, it increased of 6.0+9.5°, P<0.05 (Fig. 5). In the
CD normokyphotic subgroup the sagittal Cobb angle,
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Table 1 Preoperative and postoperative values of measured parameters

CD (N=25) ANT (N=21) CD versus Postoperative
ANT versus
preoperative
CD ANT
Cobb Preoperative 53.6+7.03 (45.0-65.0 49.5+6.71(45.0-65.0) NS
angle (degrees) S S
Postoperative 16.2+6.6 (5.0-36.0) 8.0+4.2 (0.0-15.0) s!
AVT (mm) Postoperative 50.4+16.5 (15.0-86.0) 42.2+£15.4 (22.0-86.0) NS
S S
Postoperative 4.6+£12.6 (—28.0-27.0) -0.5+7.0 (—18.0-16.0) NS
AVR (degrees) Preoperative 21.4+6.3 (10.0-30.0) 18.0£5.5 (10.0-30.0) NS
NS S
Postoperative 19.6 £5.8 (10.0-30.0) 5.3+4.4 (0.0-15.0) s!
LIV tilt (degrees) Preoperative 21.3+£4.6 (13.0-30.0) 18.2+£5.4 (6.0-28.0) NS
S S
Postoperative 2.4+4.5(-12.0-10.0) 24+2.6 (-2.0-9.0) NS
C7 shift (mm) Preoperative 6.5+16.5 (-30.0-40.0) 5.2+11.8 (-15.0-40.0) NS
S S
Postoperative 10.6 £12.8 (—40.0-18.0) -1.8+7.6 (-20.0-10.0) S
Rib cage shift (mm) Preoperative 48.1+30.5 (10.0-110.0) 37.3+20 (10.0-105.0) NS
S S
Postoperative -25.3+£20.6 (-75.0-15.0) -19.5+£10.7 (-35.0-0.0) S
Sagittal Cobb angle Preoperative 18.6+11.3 (-8.0-37.0) 21.0-11.3 (4.0-33.0) NS
Th4-Th12 (degrees) NS NS
Postoperative 19.5+7.7 (6.0-38.0) 21.5+8.0 (8.0-34.0) NS

All the values are expressed as the mean + SD followed by the
minimum and maximum values in brackets AVT Apical vertebra
transposition, AVR Apical vertebra rotation, LIV lowest instru-

Table 2 Operative correction of clinical and radiological parameters

mented vertebra, S difference significant at P <0.05, S! difference
significant at P<0.001, NS difference not significant, CD Cotrel-
Dubousset group, ANT anterior surgery group

CD (N=25) ANT (N=21) CD versus ANT
Trunk height increase (cm) 2.5+£1.0 (0.0-4.0) 1.3£1.3 (-1.0 to 3.5) s!
Rib hump correction (%) 46.7+18.7 (14.0-85.0) 80.8 +14.6 (57.0-100.0) s!
Cobb angle correction (degrees) 37.0+6.1 (28.0-50.0) 41.0£7.9 (32.0-60.0) NS
Apical vertebra transposition correction (mm) 45.8+12.9 (13.0-74.0) 42.7+14.7 (28.0-89.0) NS
Apical vertebra rotation correction (degrees) 1.8+4.4 (-5.0 to 10.0) 12.6 £3.9 (5.0-22.0) s!
Sagittal Cobb angle correction (degrees) 0.8£10.2 (-14.0 to 19.0) 0.4+£9.0 (-14.0 to 15.0) NS
Correction of the tilt of the lowest instrumented 18.8+4.7 (10.0-29.0) 15.3+6.8 (3.0-27.0) S
vertebra (degrees)
Correction of C7 shift (mm) 17.9+£11.7 (0.0-40.0) 9.0+£9.8 (0.0-40.0) S
Correction of rib cage shift (mm) 73.4+£26.4 (41.0-130.0) 56.8+£19.9 (25.0-117.0) S

All the values are expressed as the mean + SD followed by the minimum and maximum values in brackets S difference significant at
P<0.05, S' difference significant at P<0.001, NS difference not significant, CD Cotrel-Dubousset group, ANT anterior surgery group

before operation, was 26.7 + 6.8° while, after operation,
it decreased of 8.9 +£9.0° (P <0.05).

The segmental vertebral axial rotation angle calcu-
lated by the RACHIS software for the totality of pa-
tients from the CD and ANT groups is presented in
Figs. 3 and 4, respectively.

Good correlation was found between manually as-
sessed and software derived parameters, with Pearson
coefficients of 0.93, 0.81, and 0.91 for the Cobb angle,
AVT, and AVR, respectively (P <0.001).

Discussion

Although this is a retrospective study, we believe that the
selected material is representative for each surgical
method. The two analyzed methods were not alterna-
tives. They represented the pattern of treatment ap-
proach practiced in two different universities. For the
anterior instrumentation we used the Nécker-Enfants
Malades material because anterior correction of
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Fig. 5 Preoperative and post-
operative lateral radiographs of
a patient from CD hypokyph-
otic subgroup

moderate flexible thoracic curves was routinely per-
formed in that orthopedic school both before and after
the introduction of the CD system [24]. In the two
pediatric orthopedic departments engaged in the study
the material retained for analysis represented a consec-
utive series of patients fulfilling the inclusion criteria.
For each method the data originated from a consider-
able number of patients operated on with one technique
and by one operative team. The selection of material
enabled analysis of mechanically similar curves, so
differences in the immediate outcome could be attributed

to the specificity of the mechanical action of each device.
Wattenbarger et al. [29] compared single rod and double
rod instrumentation applied to curves similar with
respect to both curve pattern and curve magnitude.
However, in both single rod and double rod instru-
mentation there was the same strategic vertebrae dispo-
sition and the same mechanism of correction. We chose
65° as the maximal initial Cobb angle because we be-
lieved that the interference of secondary growth changes
in vertebrae (wedging, intravertebral torsion), discs, ribs,
ligaments, and muscles could be minimized [26].
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The CSL was drawn according to Lonstein and
Carlson [19] in order to avoid eventual CSL obliquity if
the iliac crests were not level. In ten cases we found one
iliac crest higher than the other while the femoral heads
were level. On each radiograph we prolonged the CSL
distally to reach the middle of the symphysis pubis to
prove that the pelvis was not rotated with respect to the
plane of the X-ray cassette. While this seemed necessary,
as small axial rotation angles had to be measured, it
markedly limited the number of cases suitable for
analysis, because the whole pelvis had to be seen on the
radiograph. The lack of adequate documentation and
the strict inclusion criteria were responsible for the
limited number of patients, i.e. only 46 of the 577 cases
reviewed.

The operative correction of the Cobb angle and the
AVT was similar in the CD and the ANT groups. The
AVT after anterior instrumentation was reduced to zero
on the average and to negative values for ten curves.
This hypercorrection was observed to a lesser extent in
the CD group. Spinal coronal balance, as assessed by the
C7-shift revealed a left decompensation in both groups,
particularly in the CD (Table 1). This was only found
retrospectively on the radiographs but had not been
clinically visible, in opposition to Bridwell et al. finding
[3].

In the CD group after a rod derotation maneuver,
which uses a strictly transversal corrective force, we
observed the elongation of the instrumented portion of
the spine. A 3D displacement of vertebrae under a uni-
dimensional corrective force occurred regardless of the
type of device used.

The CD instrumentation was designed with the idea
of restoring the normal sagittal contour of the scoliotic
spine. However, the data concerning the angle of tho-
racic kyphosis were ambiguous for the CD group be-
cause they indicated no postoperative change of the
sagittal Th4-Th12 Cobb angle. A similar observation
was reported by Wattenbarger et al. [29]. Further
analysis of the CD group revealed two subgroups of
curves: the true hypokyphotic and the normokyphotic
one. Separate analyses were performed for each sub-
group as proposed by Bridwell et al. [2]. The postop-
erative sagittal Cobb angle increased in the
hypokyphotic subgroup while it decreased in the nor-
mokyphotic subgroup.

A significant (P <0.001) postoperative decrease of the
apical vertebra axial rotation angle (AVR) was found
only in the ANT group. Segmental change of the axial
vertebral rotation angle was calculated by the RACHIS
software (Fig. 4) and demonstrated on the top views of
the spine. We found this program suitable for both
understanding and evaluating the operative correction
of the scoliotic spine.

In five patients in the ANT group, the postoperative
rib hump height on the Adams’ forward bending test

was judged as zero. Such a result was never observed
in the other group. A significant correction of rib
hump height following anterior instrumentation has
been reported previously [1, 14, 24]. In the ANT group
scoliosis was corrected by pushing vertebral bodies
towards the midline with a titanium plate. Majd et al.
[21] used rod rotation followed by the axial compres-
sion. Pure compression has been used in the anterior
Eclipse instrumentation [23]. This means that derota-
tion of the apical vertebra is possible with different
implant manipulations. We believe that the point of
application of the corrective force on vertebral bodies
and positive shortening of the anterior column of the
spine are essential to obtain vertebral derotation inside
the curve.

The intraoperative maneuver, consisting of CD rod
derotation, did not result in a significant decrease of
the vertebral axial rotation angle. It would be inter-
esting to study the posterior segmental systems of
translation and countertorsion, based on the use of
pedicle screws. We were unable to collect the study
group fulfilling strict inclusion criteria. Correction of
thoracic hypokyphosis, translation of the apex of the
curve to the midline and multi-point solid fixation seem
to be the advantages of the CDI. Our observation of
the lack of correlation between clinical reduction of the
rib hump (47% on the average) and the radiologically
measured reduction in the vertebral axial rotation angle
(8% on the average) in the CD group are in accordance
with Willers et al. [30].

The anterior correction of a single thoracic scoliosis
has been relatively rarely performed [1]. Endoscopic
techniques suggest new arguments for reconsidering the
thoracic anterior approach [23]. A 3D correction of
scoliotic curve with endoscopic techniques should be
investigated.

This paper does not indicate the authors’ preferences
for scoliosis surgery, since radiological parameters con-
stitute only a part of the global outcome [9]. Apart from
mechanical considerations, other factors such as the
method’s aggressiveness, instrumentation complexity,
quality of spinal fusion or cost may influence the ther-
apeutic choice. Operative correction of scoliosis does not
restore the normal spine either morphologically or
functionally. We believe that the trend towards mor-
phologically perfect correction is justified but it should
not dominate the goal of surgical treatment of scoliosis,
which is a stable, long-term correction performed with
maximum safety for the child.

Conclusions

Anterior instrumentation provided better correction of
the vertebral axial rotation and of the rib hump. The CD
instrumentation was more powerful in translation and
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more specifically addressed the sagittal plane: the post-
operative thoracic kyphosis angle increased in the hyp-

okyphotic curves slightly decreased

and

normokyphotic curves.

in the
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