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Abstract With the advent of thoracoscopy, anterior

release procedures in adolescent idiopathic scoliosis

(AIS) have come into more frequent use, however, the

indication criteria for an anterior release in thoracic

AIS are still controversial in the literature. To date,

few studies have assessed the influence on spinal flex-

ibility and no study has so far been able to show a

beneficial effect on the correction rate as compared to

a single posterior procedure. The objective of this

study was to evaluate the influence of thoracic disc

excision on coronal spinal flexibility. Six patients (5

females, 1 male) with AIS and a mean age of 15.6 years

(range 13–20 years) underwent an open anterior tho-

racic release prior to posterior instrumentation. Cotrel

dynamic traction along with radiographs of the whole

spine including traction films were conducted pre- and

postoperatively and were evaluated retrospectively.

The mean preoperative thoracic curve was

89.7� ± 15.4� (range 65�–110�). The flexibility rate in

Cotrel traction was 22.8 ± 8.1%. After performance of

the anterior release the thoracic curve showed a mean

increase of coronal correction by 5.5� ± 5.0� as as-

sessed by traction radiographs. The flexibility index

changed by 6.2 ± 5.6%. After posterior instrumenta-

tion the thoracic curve was corrected to a mean of

36.5� ± 10.1� (correction rate 59.6%). Disc excision in

idiopathic thoracic scoliosis only slightly increased

spinal flexibility as assessed by traction films. In our

view a posterior release with osteotomy of the concave

ribs (concave thoracoplasty, CTP) is more effective in

increasing spinal flexibility. According to our clinical

experience, an anterior release prior to posterior

instrumentation in AIS should only be considered in

hyperkyphosis, coronal imbalance or massive curves.
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Introduction

The indication for an anterior release prior to posterior

instrumentation is well established in thoracic hy-

perkyphosis like in Scheuermann‘s disease. With the

advent of thoracoscopic procedures, the anterior re-

lease has become increasingly popular even in adoles-

cent idiopathic scoliosis (AIS) [1, 2, 5, 11–13, 18–25].

The aim of the disc excision is to increase spinal flex-

ibility and to improve subsequent deformity correction

by posterior instrumentation. The efficacy of a pre-

ceding anterior release in AIS in terms of leading to a

better curve correction as compared to a single pos-

terior approach has not been proven and therefore the

indication for the combined approach is still contro-

versial. But the current literature focuses on the tech-

nical advantages of the thoracoscopic approach as

compared to the open procedure. Therefore the ques-

tion arises whether the indication for thoracoscopic

release has currently expanded to cases which could be

sufficiently corrected posteriorly alone. In the litera-

ture there is only sparse data available assessing the

effect of an anterior release on coronal flexibility in

AIS because the combined approach was mainly per-
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formed as a one stage procedure. Only one recent

paper showed an improvement of spinal flexibility after

thoracoscopic anterior release using bending radio-

graphs [5]. In the authors department, Cotrel traction

in AIS is routinely performed to determine the most

suitable type of instrumentation and the fusion levels

utilizing traction radiographs. This enabled us to assess

the effect of the anterior release and to the best of our

knowledge this is the first study to investigate the

influence of an anterior release on coronal spinal

flexibility in AIS by traction radiographs.

Materials and methods

Six patients (5 females, 1 male) with a mean age of

15.6 years (range 13–20 years) with AIS underwent a

staged procedure with an open anterior release prior to

posterior instrumentation. Preoperatively all patients

had an extensive diagnostic evaluation including

X-rays of the whole spine in two planes, ap bending

and traction films as well as MRI. Congenital abnor-

malities of the spinal canal were not found in any pa-

tients, none of them had previous spinal surgery.

Cotrel dynamic traction

All patients underwent Cotrel dynamic traction before

and after the anterior release procedure. Tension was

applied to the head halter with an occipital piece and a

chin strap (Fig. 1). A counterforce is applied with two

sets of straps, one on each side of the pelvis fixated

with a triangular trochanter pad. The straps are at-

tached to the foot of the bed. The third component of

the traction consists of two foot pieces that connects to

the head halter via a pulley system. The patients were

supervised in Cotrel traction by physiotherapists and

the system was adjusted to create the highest tolerable

force when the patient extends the legs. Patients per-

formed traction six times a day for 20 min and stayed

in traction for 1 week.

Traction radiographs

Traction radiographs of the whole spine in two planes

were performed after 1 week of traction. The indica-

tion for a combined procedure was made and the levels

to be anteriorly released were determined. Postoper-

atively patients again performed cotrel traction and

further traction films were made to assess curve flexi-

bility and coronal balance. According to these X-rays,

fusion levels for posterior instrumentation were

determined. Traction radiographs were retrospectively

evaluated and the flexibility rate was assessed

[(ap–bending)/ap · 100] [15].

Surgical procedure

Open thoracotomy and rib resection was performed in

all patients. The anterior longitudinal ligament was

resected and the discs completely excised. After

resection of the endplates the intervertebral space was

filled with rib grafts. After removal of the chest drain

patients again started Cotrel traction before the second

operation. Before posterior instrumentation and cor-

rection, a posterior release by facettectomy and con-

cave thoracoplasty (CTP) with osteotomy of the ribs

was performed [17].

Statistics

The Wilcoxon-signed rank non-parametric test for

comparison of paired groups was used for statistical

analysis. Differences were considered significant with a

P-value of less than 0.05.

Fig. 1 Patient performing Cotrel traction. Traction radiographs
were made before and after performance of the anterior release

516 Eur Spine J (2007) 16:515–520

123



Results

The mean preoperative thoracic curve was

89.7� ± 15.4� (range 65�–110�), the mean kyphosis was

30.5� ± 9�, hyperkyphosis was not found in any pa-

tients. Rotation of the thoracic apical vertebra was

grade III in three patients and grade II in three pa-

tients. The flexibility rate for side bending was

20.5 ± 10.1%, the results for curve correction in Cotrel

traction are shown in Table 1. The mean lumbar curve

was 47.7� ± 20.4� and corrected to a mean of

19.3� ± 14.8� in side bending.

All patients underwent an open thoracic release;

levels of disc excision are shown in Table 2. The

average number of thoracic discs excised was 5.8. In

one patient the most caudad vertebra was L1 (Table 2,

subject 4) and one patient also had a lumbar release

down to L4 (Table 2, subject 6). Postoperative results

are shown in Table 2. After performance of the ante-

rior release the thoracic curve showed a mean increase

of correction by 5.5� ± 5.0� as shown in traction

radiographs (Figs. 2, 3). The flexibility index changed

significantly by 6.2 ± 5.6% (P = 0.028). After posterior

correction and instrumentation the curve was corrected

to a mean of 36.5� ± 10.1�.

Discussion

With the advent of thoracoscopic techniques for spinal

surgery, numerous studies have been published con-

cerning anterior release in AIS [1, 2, 11–13, 18–26].

Excision of the intervertebral discs prior to posterior

instrumentation is believed to impart additional flexi-

bility and it has been presumed that disc excision im-

proves the correction rate [12, 19, 20]. But the extent of

improvement has only been roughly estimated [20, 24]

and the benefit of the release as compared to the single

posterior procedure is largely undocumented. In most

publications, the effect of the anterior release could not

be addressed separately because anterior release and

posterior instrumentation were performed as a one-

stage procedure. To our knowledge, only two papers

separately assessed the results after the anterior release

in AIS patients: Wang et al. [27] concluded that the

anterior release alone has only little effect on severe

scoliosis whereas Cheung et al. [5] stated that tho-

racoscopic release improves spinal flexibility as shown

by fulcrum bending radiographs (four patients). The

current literature mainly focuses on technical descrip-

tions of thoracoscopy and its advantages as compared

to the open procedure, i.e. the less traumatic approach.

But the important question is not whether the release

should be performed open or thoracoscopically, the

question is whether it is necessary at all since indication

criteria for thoracic release in AIS patients remain

controversial.

Preoperative Cotrel traction along with traction

radiographs is a routine procedure in AIS patients at

the author’s institution (Figs. 1, 2, 3). Additional to

bending films this gives information about flexibility

together with coronal balancing of the spine. All pa-

Table 1 Preoperative results
Subject Age

(years)
Lenke
type

Thoracic
curve (�)

Side
bending (�)

Cotrel
traction (�)

Flexibility rate
traction (%)

1 16 1BN 100 80 75 25
2 15 4CN 93 88 86 8
3 21 2BN 86 62 60 30
4 15 2AN 84 74 68 19
5 13 1BN 65 45 47 28
6 14 3BN 110 80 84 24
Mean (SD) 15.6 89.7 (15.4) 71.5 (15.6) 70 (14.9) 22.2 (8.1)

Table 2 Postoperative results

Subject Levels
released

Cotrel
traction (�)

Flexibility rate
traction (%)

Thoracic curve (after
post instrument) (�)

Correction
rate (%)

1 Th5–Th12 65 35 40 60
2 Th6–Th12 83 11 46 50,5
3 Th5–Th12 55 36 39 55
4 Th6–L1 55 35 23 73
5 Th4–Th11 46 29 25 62
6 Th3–L4 83 25 46 58
Mean (SD) 64.5 (15.5) 28.3 (9.7) 36.5 (10.1) 59.6 (7.5)
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Fig. 2 Subject 3 preoperative
ap and lateral radiographs
showing right convex thoracic
scoliosis of 86� (a, b). The
preoperative ap traction
radiograph shows scoliosis
correction to 60� (c) and
traction films after anterior
release from Th5–Th12 shows
correction to 55� (d)

Fig. 3 Subject 4 preoperative
ap and lateral radiographs
showing right convex thoracic
scoliosis of 84� (a, b). The
preoperative ap traction
radiograph shows scoliosis
correction to 68� (c) and
traction films after anterior
release from Th6–L1 shows
correction to 55� (d).
Postoperative pictures
showing correction to 23� (e,
f). Clinical photographs
showing the preoperative
deformity with a significant
rib hump (g) and the
postoperative result (h)
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tients in this study had a staged procedure and traction

radiographs were made before and after performance

of the anterior release. This enabled us to assess the

effect of the anterior release on spinal flexibility by

comparing the traction radiographs pre- and postop-

eratively. The mean preoperative thoracic curve was

89.7� with a mean flexibility rate of 22.2% in traction.

The flexibility rate changed by a mean of 6.1% after

performance of the anterior release (mean improve-

ment of the Cobb angle 5.5�). Although this change

was statistically significant, the achieved amount of

correction was little and averaged approximately 1� per

segment why we consider it to be clinically not rele-

vant. The question is of whether this change as seen in

the traction films justifies the performance of an ante-

rior release and whether this improves the correction

rate after posterior instrumentation. Presuming that

traction radiographs can predict the postoperative

correction to some degree [6, 7] especially in curves

larger than 65� [10], the change attributable to anterior

release is only marginal in our study. But it should be

noted that the study group is small and definition of

curvature criteria for anterior release would require a

case control study. The optimal indication for an

anterior release in AIS remains unclear: it has been

recommended for curves greater than 60� [20], 70� [24],

curves greater than 100� [4] and curves greater than 40�
in fulcrum bending [6]. In a meta-analysis it has been

shown that in most series using thoracoscopic anterior

release, the Cobb angle averaged 65� [2] and even

patients with a scoliosis of 42� have been anteriorly

released [1]: we are convinced that the additional

morbidity by the anterior release is not justified in such

cases. Recent paper showed that there is no need for an

anterior release even for curves in the 70�–90� range [3]

and that in curves up to 100� a single posterior ap-

proach with pedicle screw constructs leads to the same

coronal correction rate [14]. Lenke [12] has published

the most precise indication criteria, which includes

curves with a magnitude greater than 75�, a diminished

curve flexibility with thoracic bending greater than 50�
or sagittal malalignement with severe thoracic lordosis

or kyphosis. All but one of the presented patients ful-

filled these criteria. Nevertheless, at least in four of

these, in retrospect the anterior release did not suffi-

ciently increase spinal flexibility as had been intended.

In kyphotic deformity, the anterior release improves

sagittal correction. However, most patients with AIS

have a hypokyphosis and the results of this study

indicate that the increase in flexibility by disc resection

is probably less than it had been suspected by several

authors [20, 24]. In a cadaver model it has been shown

that disc excision alone does not enable a significant

increase in motion when unaccompanied by rib head

resection [8]. In our experience the rigidity of the rib

cage impedes a sufficient correction. Accordingly

Halsall et al. [9] found that ‘‘...only rib resection on the

scoliotic concavity significantly increased spinal flexi-

bility.’’ In our view, the single posterior approach with

posterior release by opening of the facet joints and

osteotomy of the concave ribs is more efficient in the

increase of spinal flexibility than excision of interver-

tebral discs [16, 17]. This is a routine procedure in the

authors clinic and CTP has been performed in more

than 800 patients. This procedure has improved the

correction rates as well as the cosmetic result.

According to our clinical experience as well as the

literature, a combined approach in AIS is only neces-

sary in concomitant kyphosis, in coronal imbalance and

massive curves beyond 100� [14].

To conclude, indication criteria for the combined

approach in AIS with the aim of achieving an optimal

correction remains to be determined. In our view, with

the progress of thoracoscopic procedures the indication

for an anterior release in AIS has probably been ex-

panded to curves which could have been sufficiently

corrected with a single posterior procedure. Despite

the small patient collective, our results indicate that

whilst thoracoscopic release is coming into more fre-

quently use in AIS, the indication criteria still require

some further clarification. ‘‘Just because a procedure

can be done doesn’t mean that it should be done’’ [22].
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