
Introduction
Scoliosis is a three dimensional deformity of

the spine. The research of Donge et al shows
that idiopathic cases usually exhibit a flattening
of the sagittal curves, which is further deterio-
rated when the Harrington technique is used.
The consequences include flat back, angular in-
crease of lumbar lordosis below the fusion and
low back pain [1]. Previous studies showed no

or only moderate correction of thoracic hy-
pokyphosis when using multihook segmental
instrumentation [2]. 

The present study compared the effects of
multihook segmental instrumentation versus
Harrington rod technique on the lumbar spine
within and below the fusion.

Methods
In the present study, 178 patients underwent

fusion with multihook or HR posterior fusion
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for scoliosis during 1974-2000. The inclusion
criteria were as follows [3]: 1- a diagnosis of
idioscoliosis, 2- posterior only correction and
fusion with Harrington or multihook systems,
3- no post-operative hook displacement and/or
no evident sign of pseudarthrosis and 4- a mini-
mum F/U of 2 years. HDR system was used in
106 patients, CD in 52 and diapasonTM in 20
patients. In 128 cases the curves were right tho-
racic, in 8 cases left thoracic, in 12 cases right
thoracolumbar, in 4 cases left thoracolumbar, in
4 cases right and in 4 cases left lumbar and in 18
cases double (right thoracic left lumbar). 134
patients were female and 44 patients were male.
96 patients were between 11-15 years of age, 62
patients between 16-20 and 20 patients were
above 20 years. The classic rules of Cottrell and
Dubousset were followed for hook positioning
and insertion in the upper and lower end verte-
brae as well as rod contouring.

When the thoracic spine was markedly hy-
pokyphotic, the superior limit shifted one or
two levels upper and an intermediate pedicular
hook was applied to the concavity to provide
more segmental distraction and to achieve
kyphosis.

Sagittal and coronal angle evaluation were
done using the Cobb’s method as described be-
low. Cobb’s method of measurement, recom-
mended by the terminology committee of the
scoliosis research society, consists of three
steps: 1) locating the superior end vertebra, 2)
locating the inferior end vertebra and 3) draw-
ing intersecting perpendicular lines from the
superior surface of superior end vertebra and
from the inferior surface of the inferior end ver-
tebra. The angle of deviation of these perpen-
diculars from a straight line is the angle of the
curve.

Results
Statistical analyses were performed using

student t-test. The Mann-Whitney U test was
applied when the number of elements exceeded
100. Statistical significance was set at a P value

less than 0.05 and a U Value more than 2. Coro-
nal plane correction results showed that in 106
patients treated with HDR technique, coronal
plane curve was between 45-95 degrees with an
average of 62.5 degrees preoperatively. The ob-
tained correction at the end of follow-up was
23.5 at mean (range 12°-40°) which showed ap-
proximately 37.9% correction.

In the group of multihook system (72 pats),
preoperative coronal plane curve was between
43°-78° with an average of 52 degrees. The cor-
rection obtained with this system was 12°-48°
with an average of 27.3 degrees, i.e., the aver-
age percent of obtained correction was approxi-
mately 53.8%.

Sagittal plane correction results were as fol-
lows:

Thoracic kyphosis is considered normal
when it’s between 20°-40° from T4 to T12.

In patients treated with HDR technique, tho-
racic hypokyphosis (i.e. less than 20 degree)
became normal in 20%, deteriorated in 20%
and remained the same in 60% of patients.

In patients treated with multihook systems,
thoracic hypokyphosis improved in 66%, re-
mained unchanged in 17% and deteriorated in
17% of cases.

Normal thoracic kyphosis remained un-
changed in 92% of patients treated with multi-
hook system and lessened in the remaining 8%
of cases. Thoracic kyphosis of more than 50 de-
grees came back to normal in 90% of cases and
remained unchanged in 10%.

Of 106 patients treated with Harrington tech-
nique, total lumbar lordosis (L1-L5) decreased
in 76, and increased in 30 patients. In 76 pa-
tients total lumbar lordosis decrease was from
4-30 degrees with an average of 12 degrees. In
30 patients total lumbar lordosis increase was
from 5-16 degrees with an average of 9.5 °.

Lumbar lordosis in the fusion area remained
unchanged in 12 out of the 30 patients (who had
increase in their total lumbar lordosis) and also
in 4 out of 76 patients (who had decrease in their
total lumbar lordosis).

Sagittal plane correction of idiopathic...
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Lumbar lordosis in the fusion area decreased
in 18 out of 30 patients with increase in total
lumbar lordosis and in 72 out of 76 patients with
decrease in total lumbar lordosis.

Of 76 patients with decrease in total lumbar
lordosis, lordosis below the fusion level in-
creased in 40 and remained unchanged in 36 pa-
tients. In 30 patients with increase in total lum-
bar lordosis, lordosis in the fusion area in-
creased in all cases.

Of 72 patients treated with multihook sys-
tems, total lumbar lordosis (L1-L5) decreased
in 38 and increased in 34 patients. Of these 34
patients with increase in total lumbar lordosis,
22 cases showed increase and 6 cases showed
decrease in their lumbar lordosis in the fusion
area and in the remaining 6 patients this area re-
mained unchanged pre- and postoperatively. Of
38 patients with decrease in total lumbar lordo-
sis, lumbar lordosis in the fusion area decreased
in 33 and remained unchanged in 5 patients.

Lumber lordosis below the fusion level was
as follows: Of 34 patients with increase in total
lumbar lordosis, lumbar lordosis below the fu-
sion level increased in 15 and decreased in 19
cases. Of 38 patients with decrease in total lum-
bar lordosis, lumbar lordosis below the fusion
level increased in 31 and decreased in 7 pa-
tients.

Discusion
There are a few studies over post-operative

sagittal and coronal balance. In a retrospective
study on 28 patients directed by Raed M. Ali, et
al using third generation instrumentation in
adult scoliosis, an average coronal curve meas-
urement of 64% was found. 

The surgical correction was significantly
greater than the correction achieved on bending
radiographs but the correction of the sagittal
curves was equivalent to the correction achieved
before surgery on bending radiographs [4].

Ernest et al [5] evaluated maintenance of
postoperative sagittal alignment in cerebral pal-
sy.  In a sagittal plane analysis of the spine and

pelvis Jean-Marc Mac-Thiong, et al. concluded
that thoracic kyphosis depends mostly on the
spinal deformity, whereas lumbar lordosis is in-
fluenced mainly by the pelvic configuration
[6].

In this study 178 patients with idiopathic sco-
liosis underwent posterior spinal instrumenta-
tion and fusion. HR system was used in 106 and
multihook system in 72 patients. In 10 out of
106 patients who were preoperatively kyphotic,
20% became normal, 20% deteriorated and
60% remained unchanged in the evaluation of
the sagittal plane at follow-up.

Normal preoperative thoracic kyphosis [7]
remained unchanged in 74% and decreased to
hypokyphosis in 26% of cases and kyphosis
over 50 degrees in 28 patients became normal
postoperatively.

In 72 patients treated with multihook sys-
tems, 12 patients had thoracic hypokyphosis
which changed to normal in 66% (8 patiens), re-
mained unchanged in 17% (2 patients) and de-
teriorated in 17% (2 patients). 

Normal preoperative thoracic kyphosis in pa-
tients treated with multihook systems remained
unchanged in 92% and became hypokyphotic
in 8% of cases post-operatively. Preoperative
kyphosis of over 50 degrees in 12 patients nor-
malized in 90% and decreased in 10% of pa-
tients post-operatively.

Lumbar lordosis in patients treated with HR
system decreased in more than 70% of cases, in
comparison to the lumbar lordosis of in and be-
low the fusion level, the decrease was mostly in
the fusion area. In the remaining 30% of pa-
tients, with increase in total lumbar lordosis,
lumbar lordosis in the fusion level remained un-
changed in 50% and in the remaining 50% lum-
bar lordosis in the fusion level decreased, show-
ing that most of this increase in total lumbar lor-
dosis is in the area below the fusion level (com-
pensatory increase in lumbar lordosis below the
fusion level).

Considering lumbar lordosis in patients
treated with multihook systems (72 patients), of
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34 patients with increase in total lumbar lordo-
sis, lumbar lordosis in the fused level increased
in 22, decreased in 6 and remained unchanged
in 6 patients. In 38 patients with decrease in to-
tal lumbar lordosis, in 33 the decrease was in
the fusion level and in 5 cases it was below the
fusion level.

There were several limitations in this study,
one of which was its retrospectiveness and its
inability to appropriately match two groups
with each other according to their sex, age and
curve patterns. The next and the most important
limitation was the low quality of X-rays which
made the measurements very difficult and
sometimes impossible. For evaluation of lum-
bar lordosis by Cobb’s measurement, there was
a need to see and mark the upper border of L1
and the lower border of L5 which was not in-
cluded in most of the X-rays taken preopera-
tively from our patients.

Although contribution of the lower border of
L5 for evaluating lumbar lordosis changed its
result significantly, lumbar lordosis had to be
measured from the upper border of L1 and up-
per border of L5 instead of its lower border be-
cause of unavailability of a proper sagittal X-
ray.

The effect of the multihook system to correct
coronal plane deformities was markedly better
than HR system (53.8% vs. 37.9%). The effect
of multihook systems in sagittal plane deformi-
ties was also obviously better than the HR tech-
nique (improvement in thoracic hypokyphosis
in 66% of patients treated with multihook sys-
tems and in 20% of patients treated with HR).
Multihook systems also preserved or re-ob-
tained the normal lumbar lordosis in 90% of pa-
tients.

In some patients with change in total lumbar
lordosis, this change was in the fused area. In
most of the patients treated with HR technique,
total lumbar lordosis decreased (flat back), and
in the remaining patients with no change in
their post-operative total lumbar lordosis, this
was due to a decrease in lumbar lordosis in the

fusion level and compensatory increase in lum-
bar lordosis below the fusion level.
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