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Abstract
Purpose: To compare the results of posterior correct ion using hybrid inst rumentat ion and 
classical posterior release with those obtained with an extended posterior release. 
Mat erial  and met hods: We carried out  a ret rospect ive cohort  study of 46 pat ients 
diagnosed with adolescent  idiopathic scoliosis (AIS). A posterior correct ion was carried 
out  using hybrid inst rumentat ion. In the fi rst  group, a standard posterior release (SPR) 
was performed, whereas in the second an extended release (EPR) was carried out , 
resect ing all posterior ligaments and performing an extended bilateral facetectomy. The 
results of the measurements were compared using pre-op, post -op and 2-year-follow-up 
anteroposterior and lateral teleradiographs. Clinical results were evaluated using the 
SRS22 quest ionnaire. 
Result s: There were no dif ferences as regards gender, age, curve type, inst rumented 
levels, OR t ime or pre-op Cobb’s angle (SPR: 60 ± 10; EPR: 59 ± 8) of the principal curve. 
In the extended release group the correct ion obtained was signifi cant ly greater at  post -
op (p < 0.001) and at  2 years (p < 0.05). Correct ion of the proximal and lumbar curve was 
similar in both groups, with no signifi cant  dif ferences. Minor complicat ions were similar 
in both groups, with no serious complicat ions. 
Conclusion: Mult iple-level posterior release improves correct ion of the principal curve on 
the coronal plane in pat ients with AIS, without  an increase in the complicat ions rate. The 
procedure also extends the arthrodesed area and facilitates int roduct ion of the wires. 
© 2009 SECOT. Published by Elsevier España, S.L. All rights reserved.
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Introduction

In recent  years t ranspedicular screw inst rumentat ions for 
the correct ion of scoliosis have become more popular, owing 
to their greater correct ive capacity1 and bet ter vertebral 
fi xat ion in comparison with inst rumentat ions which employ 
hooks. Even so, some authors defend the use of hybrid 
inst rumentat ions (proximal hooks, sublaminar wires and 
distal t ranspedicle screws) as an effect ive tool in the 
t reatment  of deformity, even in curves exceeding 100. 2 

In the past  decade we have employed hybrid 
inst rumentat ions with sublaminar wiring to t ransfer the 
apex of  the curve towards a premoulded rod in the sagit tal 
plane. 3 We have gradually extended the posterior release, 
especially in more rigid curves, 4,5 and we have performed 
complete resect ion of  the spinous processes, and of  the 
supraspinous, interspinous and yellow l igaments,  as well 
as performing a bilateral extended facetectomy. We have 
not  found any studies in the medical l it erature in which 
standard posterior release (SPR) is compared with extensive 
posterior release (EPR) for the correct ion of  scoliosis. 
Some authors ment ion extensive posterior release as a 
way of  increasing the fl exibil it y of  curves5-8 without  
analyzing the ef fect  it  might  have in terms of  correct ing 
the deformit y.

The aim of our review is to learn and compare the results 
obtained in the posterior surgical correct ion of adolescent  
idiopathic scoliosis (AIS) using a hybrid inst rumentat ion in 
pat ients with and without  an EPR.

Patients and methods

We conducted a ret rospect ive cohort  study in order to 
determine the infl uence of the technique in pat ients with 
AIS, in whom posterior correct ion and an arthrodesis were 
performed by means of hybrid inst rumentat ion (Isola®, DePuy 
Spine, Raynham, Massachuset ts, USA) using proximal hooks, 
sublaminar wiring and distal t ranspedicle screws, and 6.35mm 
steel bars. The same surgeon (IS) operated all the pat ients.

The study groups were designated depending on the extent  
of posterior release. The fi rst  group consisted of 25 consecut ive 
pat ients who underwent SPR from 1997 to 2002. The second 
group included another 21 pat ients who underwent consecut ive 
operat ions and were t reated from 2004 to 2006 by means of 
EPR. The pat ients who had operat ions in the interim between 
these two periods were not  included because EPR had not  
been standardized. At  fi rst  EPR of posterior elements was 
used to confer fl exibility to the apex of more rigid curves and 
to achieve bet ter correct ions.

The pat ients in both groups were alike in terms of their age 
and fusion levels and the dist ribut ion of their curve type was 
very similar. None of the main parameters, except  average 
follow-up t ime, which was higher in the SPR group, showed 
signifi cant  differences between the two groups (table 1).

Surgical technique

In all the study pat ients an inst rumented arthrodesis was 
performed by means of a single posterior intervent ion and 
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¿Mejora la liberación posterior ampliada a múltiples niveles la corrección 
de la curva en la escoliosis idiopática del adolescente?

Resumen
Obj et ivo: Comparar los resultados de la corrección por vía posterior con una const rucción 
híbrida mediante el empleo de una liberación posterior clásica y la liberación posterior 
ampliada (LPA). 
Mat erial  y mét odos: Efectuamos un estudio de cohortes ret rospect ivo con 46 pacientes 
diagnost icados de escoliosis idiomát ica del adolescente (EIA). Se realizó una corrección 
por vía posterior mediante el empleo de una inst rumentación híbrida. En el primer grupo 
se realizó una liberación posterior estándar (LPE) y en el segundo se realizó una LPA, y se 
resecaron todos los ligamentos posteriores y se realizó una facetectomía amplia bilate-
ral.  Se compararon los resultados de las mediciones en telerradiografías anteroposterio-
res y laterales preoperatorias, postoperatorias y a los 2 años. Se valoraron los resultados 
clínicos mediante el cuest ionario SRS22. 
Result ados: No hubo diferencias en cuanto al sexo, edad, t ipo de curva, niveles inst ru-
mentados, t iempo quirúrgico o Cobb preoperatorio (LPE: 60 ± 10; LPA: 59 ± 8) de la curva 
principal. En el grupo de LPA la corrección obtenida fue signifi cat ivamente mayor en el 
postoperatorio (p < 0,001) y a los 2 años (p < 0,05). La corrección de la curva proximal y 
lumbar resultó similar en ambos grupos y no se encont raron diferencias signifi cat ivas. Las 
complicaciones menores fueron similares en ambos grupos y no exist ieron complicaciones 
graves. 
Conclusión: La LPA a múlt iples niveles mej ora la corrección de la curva principal en el 
plano coronal en los pacientes con EIA, sin aumento de la incidencia de complicaciones, 
además de aumentar la superfi cie de art rodesis y facilitar la int roducción del alambrado. 
© 2009 SECOT. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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a local autogenous bone graft  was employed. In the fi rst  
group (SPR) the technique involved posterior intervent ion 
along the midline, subcutaneous dissect ion and subperiosteal 
exposure of laminae, and spinous and t ransversal processes. 
For the decort icat ion the spinous processes were resected 
at  their base, as well as the lower facets of the upper 
vertebrae and the exposed cart ilage of the upper facets of 
the lower vertebrae. In order to insert  the sublaminar wires, 
the supraspinous and interspinous ligaments were bisected 
and the yellow ligament  was opened along the mid-line.

In the group in which an EPR was performed a full resect ion 
of the supraspinous and interspinous ligaments was also 
performed at each level, as well as a full resect ion of the 
yellow ligament, which began at the mid-line and extended 
laterally as far as the art icular facets. An extensive facetectomy, 
which included the ent ire lower facet of the upper vertebra 
and much of the upper facet of the lower vertebra as far as 
the opening of the foramen, was also performed. This EPR was 
executed at each level of the main curve.

To determine fusion levels X-rays of pat ients in a standing 
posit ion and bending tests were evaluated. Proximal 
anchoring was performed by means of a claw with hooks, 
t ransverse facets, and distal anchoring by means of 
t ranspedicle screws. The wires were inserted using the 
classical technique and the curve was progressively 
t ransferred towards a premoulded rod in the sagit tal plane 
on the concave side of the main curve. 

All the pat ients were evaluated before their operat ion, 
during the immediate post-intervent ion period, one month 
after the intervent ion and at  least  2 years later. Image analysis 
was conducted using antero-posterior and lateral 
teleradiographic images taken in a standing posit ion. The 
Cobb angle of the proximal thoracic curve, the main thoracic 
curve and the thoracolumbar or lumbar curve were 
determined. Lenke’s classifi cat ion was employed to classify 
the AIS. Thoracic kyphosis was measured between the upper 
end-plate of T5 and the lower end-plate of T12 and lumbar 
lordosis was measured between the upper end-plate of L1 and 
that  of S1. To determine the fl exibility of the curve before the 
operat ion its correct ion was measured in bending tests.

Any complicat ions were recorded and the clinical results 
were evaluated by means of the SRS 22 quest ionnaire. The 
stat ist ical analysis was conducted using SPSS software 
(version 11.5, SAS Inst itute Inc, Cary, North Carolina, USA). 
The dist ribut ion of variables was expressed by the mean 
and standard deviat ion. The variables were compared by 
means of the Student ’s t  test , Fisher’s exact  test  and the χ2 
test  with a signifi cance level of 5% (p < 0.05.)

Results

There were no signifi cant differences with respect to the 
number of fused vertebrae between the two groups. The surgical 
t ime was comparable in both groups. Less blood was delivered 
by transfusion during the perioperative period in the EPR group, 
4.3 ± 2 red blood cell concentrates being administered to the 
fi rst group and 2.7 ± 2 to the EPR group, which was statist ically 
signifi cant (table 2). There were no fatalit ies, infections, or 
spinal or radicular lesions in either of the groups.

We did not  fi nd signifi cant  dif ferences in the pre-operat ive 
Cobb angle of the main curve in the two groups. The fi rst  
group exhibited greater fl exibilit y of the main curve (40.8%) 
compared to the EPR group (29.2%) (p = 0.01). A correct ion 
of 57% was obtained in the fi rst  group (SPR) and a 68.6% 
correct ion in the second group (EPR) (p < 0.001). The post -
operat ive correct ion at  2 years was signifi cant ly greater in 
the second group (p = 0.015) (table 3). The Cobb angle of 
the proximal thoracic curve and of the secondary lumbar 
curve was comparable in both groups before and after 
surgery. The coronal imbalance was signifi cant ly greater in 
the second group and there were no signifi cant  dif ferences 
immediately after the operat ion and 2 years later.

The thoracic kyphosis of T5 –T12 in the sagit tal plane was 
similar for both groups in the pre-operat ive period (21.9 ± 
11.1° in the SPR group and 18.4 ± 11° in the EPR group) (p 
= 0.35). There were no signifi cant  dif ferences in the 
immediate post -operat ive period and there was a kyphosis 
of 22.19 ± 10.1° in the fi rst  group and 18 ± 6.7° in the 
second group (p = 0.09). A (posit ive) grade of correct ion was 
obtained in the fi rst  group and a correct ion of —0.4° in the 
second group (p = 0.91). Two years after the operat ion the 
kyphosis was 23.6 ± 8.8° in the fi rst  group and 17.6 ± 6.1° 
in the second group (p = 0.01). The fi nal correct ion was 1.6° 
in the SPR group and —0.8° in the EPR group (p = 0.43).

The pre-surgery L1–S1 lordosis was similar in both groups 
and signifi cant  dif ferences were not  found with respect  to 
correct ion in the post -operat ive period or 2 years later.

Table 1 Demographic data and types of curve

 SPR EPR

Age when surgery performed  15 ± 2 15 ± 5

 (years) 

Sex, n (%)

 Males  3 (12)  2 (9.5)

 Females 22 (88) 19 (90.5)

Lenke Classifi cat ion, n (%)

 Type 1 17 (68) 10 (47.6)

 Type 2  2 (8)  5 (23.8)

 Type 3  3 (12)  3 (14.3)

 Type 4  1 (4)  0 (0)

 Type 5  1 (4)  3 (14.3)

 Type 6  1 (4)  0 (0)

Lumbar modifi er  

 A 10 12

 B  7  3

 C  8  6

Sagit tal modifi er  

 N 21 15

 +  2  1

 —  2  5

Mean fol low-up t ime (mont hs) 99 ± 32 31 ± 11

EPR: extensive posterior release; SPR: standard posterior 

release; N: neut ral.
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The result  of the SRS 22 quest ionnaire 2 years after 
surgery (table 4) was comparable in both groups, except  for 
pat ient  sat isfact ion, and the result  was bet ter in the SPR 
group.

Discussion

There is a tendency to correct  vertebral deformity, even 
the most  severe curves, by means of a single posterior 
technique9-11 or with hybrid inst rumentat ions,2,12 avoiding 

the morbidity associated with anterior approach.13 Despite 
the results published on the effect iveness for correct ion 
purposes of the pedicle screw-only technique,10,14,15 we 
generally employ a hybrid system based on t ransferral.3 
This system is as effect ive and safe as other systems16 and it  
at tempts to avoid the tendency of the “ all-screw”  system 
to reduce thoracic kyphosis.17-19 There is lit t le evidence that  
“ all-screw”  inst rumentat ions are bet ter for correct ing and 
maintaining correct ion, given that  there are studies which 
obtain similar correct ion results for both inst rumentat ions, 
with comparable correct ion losses and fusion levels. 

Table 2 Fusion levels, surgical t ime and blood t ransfusion

 SPR EPR p value

Number of fused vertebrae 11.4 ± 1.8 10.8 ± 2.7 0.28

Surgical t ime (hours)  4 ± 1  4 ± 1 0.11

EPR: extensive posterior release; SPR: standard posterior release.

Table 3 Comparat ive coronal results

 SPR (X±SD) EPR (X±SD) p value

Main Cobb angle   

 Pre-operat ive 60.3 ± 10.1° 59.3 ± 8° 0.71

 Flexibilit y 35° (40.8%) 42° (29.2%) 0.015*

 Post -operat ive correct ion (% correct ion) 26.2 ± 8.4° (57%) 18.1 ± 6.2° (68.6%) 0.001*

 Post -operat ive correct ion (2 years) (% correct ion) 29.4 ± 10° (51.6%) 22.3 ± 8.5° (61.8%) 0.015*

Proximal Cobb   

 Pre-operat ive 27.4 ± 11.3° 30.9 ± 12.4° 0.47

 Immediate post -operat ive (% correct ion) 17 ± 8.6° (35.7%) 17.8 ± 6.2° (44.5%) 0.17

 Post -operat ive (2 years) (% correct ion) 16.2 ± 7.1° (36.4%) 17.8 ± 6° (44.8%) 0.24

Lumbar curve Cobb   

 Pre-operat ive 35.2 ± 15° 34.0 ± 9° 0.79

 Immediate post -operat ive (% correct ion) 15.6 ± 8.9° (58.2%) 14.1 ± 8.3° (59.1%) 0.90

 Post -operat ive (2 years) (% correct ion) 17.7 ± 7.4° (47.4%) 16 ± 11° (55.4%) 0.42

Balance   

 Pre-operat ive 12 ± 9 mm 20 ± 13 mm 0.015*

 Immediate post -operat ive  7 ± 7 mm  9 ± 8 mm 0.23

 Post -operat ive (2 years)  4 ± 5 mm  5 ± 7 mm 0.47

EPR: extensive posterior release; SPR: standard posterior release.

*Stat ist ically signifi cant . 

Table 4 Results of the SRS-22 Quest ionnaire

 Pain Self-image Funct ion Mental health Sat isfact ion Total

SPR 4.2 3.7 4.3 4.0 4.6 4.1

EPR 3.7 3.5 4.1 3.7 3.9 3.8

p value 0.2 0.5 0.5 0.4 0.01* 0.1

EPR: extensive posterior release; SPR: standard posterior release.

*Stat ist ically signifi cant . 
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Furthermore, these results have not  correlated with an 
increase in pat ient  sat isfact ion or an improvement  in quality 
of life.20-23

We became more and more radical in our posterior 
release intervent ions because with EPR we observed an 
increase in the fl exibilit y of the most  rigid areas of the 

deformity and in the capacity for correct ion. Shuffl ebarger 
et  al4 were the fi rst  to employ EPR to correct  lumbar curves 
in adolescent  pat ients with scoliosis, when they resected all 
the posterior elements. With this technique lumbar 
correct ion improved from 64 to 76%, even reaching 80% 
when the all-screws technique was used. 5 But , in turn, it  

Figure A) Frontal Pre-operat ive Bending test  Image and Lateral Image of a Case with a Lenke 2AN Curve with only 26% Flexibilit y. 

B) Post -operat ive Images of the same Case after Extensive Posterior Release and Arthrodesis of T2–L3. The Post -surgery X-rays 

demonst rate a correct ion of 83%. C) Clinical Pre-operat ive and Post -operat ive Images. 
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showed an increase in lordosis of 12° as a result  of the 
shortening of the posterior elements. Lehman et  al24 
sustained that  extensive facetectomy not  only improved 
the visualizat ion of the anatomical points for the 
implantat ion of the thoracic screws, but  also provided bone 
graft  material and a larger surface for arthrodesis. For their 
part ,  Hamzaoglu et  al6 obtained good correct ions in severe 
scoliosis t reated with halo-femoral t ract ion when a bilateral 
facetectomy and resect ion of the supraspinous and 
interspinous ligaments, and the yellow ligament , were 
added. Herrera Soto et  al7 st ressed the need to perform 
more intensive facetectomies to improve correct ions and 
promote arthrodesis using inst rumentat ions with t ranspinous 
wiring, while Mehlman et  al8 obtained correct ions of 71% in 
severe curves with extensive facetectomies when they used 
halo-femoral t ract ion. Although these authors ment ion EPR 
in relat ion to the t reatment  of rigid curves, they do not  
describe it  as such and fail to analyse how it  behaves 
comparat ively in the correct ion of scoliosis. 

In our technique we performed a full resect ion of the 3 
ligaments, the supraspinous, interspinous and yellow 
ligaments. We also performed a bilateral extended 
facetectomy with resect ion of the lower art icular facet  of 
the upper vertebra and a large part  of the upper facet  of 
the lower vertebra, which involved opening the foramen. 
This release was performed at  each level of the st ructured 
(thoracic or lumbar) curve. When this release was employed 
in conj unct ion with a hybrid inst rumentat ion, we obtained 
68.6% correct ions of the main curve with a correct ion loss 
of 6.8% after 2 years and this is a much greater correct ion 
(over 10%) than that  obtained with SPR. These results are 
even more signifi cant  if  we take into account  the fact  that  
the pat ients in whom an EPR was performed had more rigid 
curves (29%) in comparison with the SPR pat ients (40.8%). 
This dif ference seems logical, given that  it  is in more rigid 
curves that  a more extensive release is required in order to 
make the curve more fl exible and opt imize the correct ion. 
Mult iple-level EPR has helped us to improve the fl exibilit y 
of the curve and has permit ted maximum t ransferral of the 
curve towards the rod (fi g.).  In turn, we have obtained a 
good correct ion of the proximal thoracic curve without  
changes during follow-up (44.5%) and of the secondary 
lumbar curve (59.1%) with a good fi nal coronal balance.

Correct ions published for Isola® inst rumentat ion range 
from 63–69%.16,23-26 Lehman et  al10 reported a 72.1% correct ion 
of the main thoracic curve by using t ranspedicle screws, 
with a correct ion loss of 4%, a 49.8% correct ion of the 
proximal thoracic curve with a correct ion loss of 0.2% and a 
coronal imbalance of 6.7 mm.

None of the pat ients t reated in our study suffered 
neurological inj uries when the sublaminar wires were 
inserted, although this complicat ion has been described. 27,28 
It  may be the case that  a greater exposure of the posterior 
elements as a result  of the full resect ion of the yellow 
ligament  facilitates the manoeuvring required to insert  the 
wires. Moreover, it  creates drainage channels which may 
avoid compressive dural haematomas.

EPR did not  require more surgical t ime compared to the 
standard procedure, although this may be related to the 
greater experience of the main surgeon. Neither were there 
more cases of surgical haemorrhage, although this fi nding is 

merely anecdotal, as in this period ant i-fi brinolyt ic 
medicat ions were used during operat ions.

One of our obj ect ives was to ascertain whether EPR 
produces a decrease in thoracic kyphosis. Shuffl ebarger et  
al4 observed that , when lumbar curves were t reated, 
lordosis increased as a result  of the subsequent  shortening 
effect  secondary to extensive release. In fact , a Ponte 
osteotomy, which is in every respect  similar to the 
intervent ion we performed, is indicated in the correct ion of 
Scheuermann’s kyphosis.29 Our results showed that  kyphosis 
changes very slight ly in the immediate post -operat ive 
period and slight ly (0.8°) after 2 years of follow-up. Even 
with these results, none of our pat ients exhibited a negat ive 
sagit tal modifi cat ion after surgery. The post -operat ive 
kyphosis values were concent rated close to normal kyphosis 
ranges with a decrease in the highest  values and an increase 
in the lowest  values. This effect  may be due to the 
inst rumentat ion technique which was employed, as the rod 
is moulded when the physiological sagit tal curve, to which 
the deformity is t ransferred by means of the sublaminar 
wires, is reproduced. Various studies have shown a decrease 
in post -operat ive kyphosis following inst rumentat ion, as 
well as a fl at tening of the thoracic curve, with int raspinous 
segmental wires7,21 and with “ all-screw”  t ranspedicular 
inst rumentat ions,1,10,17-19,21 whilst  in the sagit tal context  it  
has been maintained with hybrid const ructs. 1,21

The benefi t  obtained in the correct ion of the sagit tal and 
coronal planes of AIS pat ients when we performed an EPR 
was not  refl ected in the results of the SRS 22 quest ionnaire. 
This had been observed with other inst rumentat ions 
(sublaminar wires, hooks, hybrid inst rumentat ions, CD 
Horizon® and t ranspedicle screws10,20).  Subsequent  studies 
have not  confi rmed a correlat ion between radiological and 
clinical variables.30 Therefore, we are unsure whether the 
pursuit  of addit ional correct ion is really important  for 
pat ients and whether it  is necessary to achieve their 
sat isfact ion.31

The performance of a mult iple-level EPR as part  of the 
correct ion of AIS is a safe and effect ive surgical procedure 
for correct ion of the curve by t ransferral and to achieve its 
balance. It  improves coronal correct ion of the curve 
compared to SPR and a good coronal balance and physiological 
thoracic kyphosis is obtained. Employed in conj unct ion with 
a hybrid inst rumentat ion using sublaminar wires, it  has 
shown itself to be comparable to other inst rumentat ions. It  
also provides an addit ional amount  of autologous graft  
t issue, permits the drainage of dural haematomas and 
facilitates the insert ion of sublaminar wires.
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