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Abstract

Purpose To evaluate the outcome and complications of
anterior release, posterior internal distraction and subse-
quent posterior spinal fusion for the treatment of severe
kyphoscoliosis.

Methods The medical records and spinal imaging of 17
consecutive severe kyphoscoliosis patients who underwent
anterior release, posterior internal distraction and subse-
quent posterior spinal fusion were reviewed.

Results  Patients underwent spinal deformity correction at the
mean age of 22.6 + 8.4 years (range 15-44 years) with mean
follow-up of 37.4 £ 12.0 months (range 24-60 months). The
preoperative thoracic kyphosis of 83.5° £ 16.3° (range 60°—
115°) was corrected to 37.5° £ 7.9° (range 20°—49°) at the
final follow-up. The preoperative major curve of 110.1° %+
16.8° (range 92°-145°) was corrected to 33.5° £ 13.9° (range
12°-63°) at the final follow-up, with a scoliosis correction of
703 %. At the most recent follow-up, the correction rate of
proximal thoracic curve and thoracolumbar or lumbar curve
was 57.1 and 74.8 %, respectively. Transient dyspnoea oc-
curred in one patient after the initial surgery and subsequently
resolved. No ventilator support was needed. Three patients
complained the pain of concave soft tissue after the first dis-
traction. There were no neurological complications or any deep
wound infections. No complication of instrumentation was
found at final follow-up.
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Conclusions 1In the treatment of severe kyphoscoliosis,
anterior release, posterior internal distraction and subse-
quent posterior spinal fusion, which obviates three-column
osteotomy, is a good alternative correction method.

Keywords Anterior release - Internal distraction - Spinal
fusion - Severe kyphoscoliosis

Introduction

Severe kyphoscoliosis frequently results in early truncal
decompensation and a large compensatory curve, which
may progress with time. The correction of severe scoliosis
is accompanied by high risk of neurologic compromise,
especially if there is a significant kyphotic component; so
the correction of severe kyphoscoliosis is a great challenge
for spine surgeon. Current surgical strategies include ag-
gressive anterior and posterior column osteotomies, either
with a front-back [1-5] or a posterior-only approach [6—
20]. Although with satisfactory correction of deformity,
such kind of osteotomies is accompanied by high risk of
complications [1-20].

We have introduced and published our preliminary ex-
perience with staged anterior release, posterior internal
distraction and subsequent posterior spinal fusion in severe
and rigid scoliosis [21]. With this method, we achieved a
scoliosis correction of 74.3 %, and the preoperative tho-
racic kyphosis of 62.3° was corrected to 33.8° at the last
follow-up. Eight of 15 patients in that study had preop-
erative thoracic kyphosis greater than 60°. Without per-
forming VCR, all eight patients with kyphoscoliosis
achieved satisfactory correction of both scoliosis and
kyphosis. After that, more patients with severe
kyphoscoliosis were treated by this method. The purpose of
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this study was to examine the indications, correction rates,
and complications of staged anterior release, posterior in-
ternal distraction and subsequent posterior spinal fusion for
the treatment of severe kyphoscoliosis at a single center.

Materials and methods

In this study, 17 patients with severe kyphoscoliosis (11
idiopathic, 6 syringomyelia-associated scoliosis) under-
went surgery between 2009 and 2012 by a single spine
surgeon (L.L.M.). Inclusion criteria were curves with Cobb
angles of at least 90°, a flexibility of less than 30 % on
bending films, and thoracic kyphosis greater than 60°.
There were 6 males and 11 females with an average age of
22.6 £ 8.4 years (range 15-44 years). They were all tho-
racic curves (Table 1). Average preoperative Cobb angle in
coronal plane was 110.1° & 16.8° (range 92°-145°) with
flexibility of 10.8 % on bending radiograms (Fig. 1a).
Average preoperative thoracic kyphosis was 83.5° &+ 16.3°
(range 60°-115°).

All patients underwent staged anterior release, posterior
internal distraction and subsequent posterior spinal fusion.
Intraoperative spinal cord monitoring was performed in all
patients. Preoperative magnetic resonance imaging was
obtained to rule out any neural axis abnormalities that
would contraindicate internal distraction. Syringomyelia
was found in six patients and one patient with the dimen-
sion of syringomyelia more than 50 % of the cord diameter

Table 1 Data on the patients

underwent subarachnoid space shunt before the correction
of kyphoscoliosis.

The clinical records were reviewed for demographic
data, operating time, average blood loss, and complica-
tions. All patients were reviewed after a minimum follow-
up of 2 years. No patient was lost to follow-up. To monitor
the correction of the deformity, posteroanterior and lateral
radiographs were made preoperatively, after distraction,
after arthrodesis, and at the time of the last follow-up
(Fig. la—e). Radiographic analysis, which included Cobb
angle of coronal curves, coronal balance, sagittal balance,
thoracic kyphosis and lumbar lordosis, was performed on
these series radiographs. Coronal balance was measured as
the distance between the C7 plumb line and the center
sacral line. Sagittal balance was measured as the distance
between C7 plumb line and the posterior superior corner of
S1. Thoracic kyphosis was measured by the Cobb method
from the superior endplate of TS to the lower endplate of
T12, and lumbar lordosis from the superior endplate of T12
to the endplate of S1.

Surgical techniques

Anterior release consisted of an approach on the convex
side of the area to be resected through a thoracic incision.
The rib conforming to the uppermost level of the spine to
be approached was exposed and removed. The interverte-
bral discs were fully excised back to the posterior

Patient no. ~ Age (years) Sex  Diagnosis  Level (apex)  Anterior release length  Posterior fusion length ~ Follow-up (months)
1 20 F IS T T6-T11 T2-L2 60
2 17 F IS T T6-T10 T2-L4 58
3 15 F IN T T6-T10 T2-L3 56
4 18 M IN T T7-T11 T2-L4 48
5 21 M SAS T T7-T11 T3-L4 36
6 20 M SAS T T7-T11 T2-L3 48
7 23 F IS T T7-T11 T3-L4 36
8 17 M IS T T7-T11 T2-L2 36
9 15 M SAS T T8-T12 T2-L3 30
10 23 F SAS T T7-T11 T2-L3 32
11 44 M SAS T T7-T11 T4-L4 28
12 24 F IN T T7-T11 T2-L2 36
13 15 F IS T T7-T11 T2-L4 30
14 22 F SAS T T8-T12 T2-L4 28
15 24 F IS T T7-T11 T2-L4 24
16 25 F IS T T6-T10 T2-L3 26
17 42 F IS T T7-T11 T2-L4 24

IS idiopathic scoliosis, SAS syringomyelia-associated scoliosis, T thoracic
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Fig. 1 The patient was a
23-year-old female with severe
idiopathic scoliosis. a She had a
118° coronal plane deformity
and 90° of thoracic kyphosis.
Side-bending radiographs
demonstrated 11.0 % flexibility.
b She underwent an anterior
release (T7-T8, T8-T9, T9—
T10, T10-T11 discs) and initial
distraction. The major curve
was corrected to 77°, and
thoracic kyphosis was corrected
to 57°. ¢ After second
distraction, the major curve was
corrected to 74°, and thoracic
kyphosis increased to 54°.

d After posterior spinal fusion
from T2 to L3, the major curves
were corrected to 58°, and
thoracic kyphosis was corrected
to 45°. e Anteroposterior and
lateral radiographs taken

3 years after surgery. The major
curve was 58°, and thoracic
kyphosis was 48°. f Pre- and
postoperative clinical
photographs showed the marked
clinical correction
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longitudinal ligament. Great care was taken to remove as
much discs as possible to provide adequate anterior release.
In addition, rib heads were removed to increase the flex-
ibility of spine. The vertebral mobility is verified by ro-
tating a Cobb elevator in the disc space. After pleural
closure, the chest cavity was irrigated, and a chest tube was
placed under direct vision.

After the anterior release, the patient was turned over to
the prone position to receive posterior internal distraction.
Two small incisions were performed to expose the cepha-
lad and caudad vertebra that would be fixed. At least two
points of fixation at the cephalad end and two at the caudad
end were used to achieve adequate fixation. One longer
distraction rod connected to the cephalad fixation points
was inserted subcutaneously, and another shorter distrac-
tion rod was connected to the caudad fixation points. Two
rods were connected by Domino Connector (Medtronic,
Fort Worth, TX). The pedicle screw caps were locked.
After the screw caps on medial side of Domino Connector
were locked, the distraction maneuver was performed be-
tween distal pedicle screw and Domino Connector. Then
the screw caps on lateral side of Domino Connector were
locked, and the screw caps on medial side of Domino
Connector were loosened. Similar distraction maneuver
was performed between Domino Connector and rod holder.
The distraction maneuver was performed under spinal cord
monitoring in all patients, and both somatosensory evoked
potentials and motor evoked potentials were observed
throughout each procedure. To take advantage of the vis-
coelastic nature of the spine and to maximize correction
with minimal stress, we allowed a few minutes for stress
relaxation between multiple episodes of distraction during
each distraction procedure [22].

In some patients, an additional distraction procedure
was performed 1-2 weeks after the initial surgery. Similar
to Buchowski’s experience, we based the decision on the
perceived curve stiffness and rigidity and on the response
of the curve to distraction. If the curve did not correct by
approximately 50 % or larger than 50° after the first dis-
traction procedure, we were more likely to perform a
second distraction [22].

One to seven weeks after the initial surgery or second
distraction, definitive posterior spinal fusion was per-
formed. Pedicle screws were inserted segmentally, and
Ponte osteotomy was performed on several segments ad-
jacent to the apex to provide adequate release. Then a rod
contoured to the shape of the deformity was applied on the
convex side, and rod derotation, compression and distrac-
tion were performed on the convex side to correct the de-
formity. The temporary internal distraction rod on the
concave side was removed. Another permanent rod was
applied on the concave side, and similar correction ma-
nipulation was performed. Decortication was done to all

levels of planned fusion and bone graft was placed along
the spine for posterior fusion.

After the first surgery, nurses instructed patients to
cough and breathe deeply to promote optimal pulmonary
function. Chest tubes are discontinued when drainage is
less than 80 ml per 8-h shift. Patient-controlled analgesic
pumps were ordered to ensure optimal pain control. Nurses
used strict sterile technique while performing postoperative
dressing changes to diminish the likelihood of surgical
wound infections. Before the final fusion surgery, patients
stayed in bed, and flexion, extension and twist were re-
stricted. In the first 3 days, patients turned over under the
assistance of nurses, after that, they did by themselves.
Exercises for extremities were encouraged. The patients
were allowed to sit up in bed 48 h after final fusion surgery.
Two weeks after surgery, the patients were allowed to
ambulate in a custom-made thoracolumbosacral orthosis.
The orthosis was kept for 6 months and removed if ra-
diograph after 6 months did not show any sign of
pseudarthrosis.

Results

Nine patients underwent two distraction procedures before
the final fusion, and the remaining eight patients underwent
only one distraction, for a total of 26 intraoperative dis-
traction procedures. In nine patients who underwent two
distraction procedures, the interval between two distraction
procedures averaged 11.6 & 2.2 days (range 8—14 days),
and the mean time between the second distraction and final
procedure was 31.2 £ 11.9 days (range 8-52 days). In
eight patients who underwent only one distraction, the in-
terval between the distraction and final procedures aver-
aged 19.3 £ 10.6 days (range 13-40 days).The average
number of anteriorly removed discs was 4.1 £ 0.2 (range
4-5). Average posterior fusion length was 14.1 &+ 0.8
vertebrae (range 13-15, Table 1).

The preoperative thoracic kyphosis of 83.5° + 16.3°
(range 60°-115°) was corrected to 46.9° & 10.7° (range
21°-65°) after the first internal distraction, and in nine
patients who underwent two distraction procedures, the
second distraction increased the thoracic kyphosis from
47.2° + 13.7° (range 21°-65°) to 49° + 15.5° (range 29°—
70°). After the definitive spinal fusion, the thoracic
kyphosis averaged 37.3° 4 9.6° (range 22°-64°), and it
averaged 37.5° & 7.9° (range 20°-49°) at the final follow-
up (Table 2; Fig. 1a—f). The preoperative lumbar lordosis
of —69.6° + 17.8° (range —102° to —39°) was corrected to
—45.2° + 9.1° (range —65° to —30°) at immediate post-
operative assessment and —47.9° & 7.3° (range —67° to
—40°) at the final follow-up (Table 3).
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Table 2 Changes in the Cobb angle of thoracic kyphosis

Case Preop. (°) After first distracion (°) After second distracion (°) Postop. (°) Final follow-up (°)
1 60 41 Not applicable 29 27
2 90 51 Not applicable 41 43

3 115 57 61 36 40
4 64 35 29 38 38
5 108 47 70 64 49
6 78 38 33 38 40
7 90 57 54 45 48
8 71 43 Not applicable 38 40
9 60 40 Not applicable 30 30
10 88 55 54 47 44
11 86 59 Not applicable 42 44
12 88 53 Not applicable 36 38
13 85 21 31 25 28
14 60 43 Not applicable 22 20
15 95 65 52 30 31
16 84 42 Not applicable 37 37
17 97 50 48 36 40
Average 83.5 46.9 49 n =9 37.3 37.5

Table 3 Radiographic data of patients

Preop. (range) IMPO (range) IM corr.  Final follow-up (range) Final corr. LOC
(%) (%) (%)
Proximal thoracic curve
Magnitude (°) 56.7 + 17.3 (27-83) 24.1 + 13.5 (3-51) 60.1 25.5 + 13.1 (4-53) 57.1 3.0
Flexibility (%) 26.8 + 15.1 (1.4-45.8)
Main thoracic curve
Magnitude (°) 110.1 £ 16.8 (92-145) 31.8 £ 14.3 (10-60) 72.4 33.5 £ 13.9 (12-63) 70.3 2.1
Flexibility (%) 10.8 £ 7.3 (0.8-25)
Thoracolumbar/lumbar curve
Magnitude (°) 48.6 + 15.4 (25-90) 13.6 + 11.9 (2-50) 75.1 13.4 + 10.3 (1-44) 74.8 0.3

Flexibility (%)

Coronal
imbalance
(cm)

Sagittal
imbalance
(cm)

T12-S1 lordosis
©

41.2 £ 229 (8-86.2)
0.5 £ 0.3 (0-2.1)

—0.5 £ 1.0 (=3.2 t0 2.6)

—69.6 4 17.8 (—102 to —39)

0.5 + 0.2 (0-1.6)

—0.5 £ 0.8 (=2.1 to 2.4)

—452 £ 9.1 (=65 to —30)

0.4 £ 0.2 (0-1.5)

—0.4 £ 0.6 (=2.0 to 2.4)

—47.9 + 7.3 (=67 to —40)

Final corr correction rate of final follow-up, IM corr immediate postoperative correction rate, JMPO immediate postoperative, LOC loss of

correction, Preop preoperative

The first internal distraction corrected the mean Cobb
angle of the major curve in the coronal plane by a mean of
49.7 % (from 110.1° to 55.8°), and in nine patients who
underwent two distraction procedures, the second distrac-
tion corrected it by an additional 5.4 % compared with the

@ Springer

initial curve magnitude (from 57.6° to 47.8°). After
arthrodesis, the mean correction of the major curve was
72.4 % (from 110.1° to 31.8°) (range 50.8-89.2 %)
(Table 3; Fig. la—f). At the final follow-up, the mean
correction of the major curve was 70.3 % (range
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55.1-87.1 %). At the most recent follow-up, the correction
rate of proximal thoracic curve and thoracolumbar or
lumbar curve was 57.1 and 74.8 %, respectively (Table 3).

The preoperative coronal imbalance of 0.5 cm (range
0-2.1) was improved to 0.4 cm (range 0-1.5) at the final
follow-up. The preoperative sagittal imbalance of —0.5 cm
(range —3.2 to 2.6) was improved to —0.4 cm (range —2.0
to 2.4) at the final follow-up (Table 3).

Mean operating time of the first surgery, second dis-
traction, and final procedure was 278.8 £ 31.3,
395 £ 7.3, and 315 + 36.8 min, respectively, with a
blood loss of 1492.1 £ 406.7 ml (Table 4). No patient
received blood transfusion during the perioperative period
of the first and second distraction surgery. Nine patients
received blood transfusion during or after the final fusion
surgery with an average of 755.6 £ 255.5 ml. There was
no patient required intensive care unit support after surgery
during the hospital stay. Average hospital stay was
36.9 + 9.1 days. Transient dyspnoea occurred in one pa-
tient after the initial surgery and subsequently resolved. No
ventilator support was needed. Three patients complained
the pain of concave soft tissue after the first distraction.
There were no neurological complications or any deep
wound infections. No complication of instrumentation was
found at final follow-up (Table 4).

Table 4 Demographics and surgical data of patients

Discussion

Kyphoscoliosis brings more difficulty for surgeon than
scoliosis, especially in patients with severe deformity, be-
cause it means greater difficulty of pedicle screw implan-
tation, and often needs aggressive osteotomy to correct
sagittal kyphosis. Various kinds of correction method, which
usually include three-column osteotomy, have been devel-
oped to treat such kind of patients [1-20]. Vertebral column
resection (VCR), which enables translation of spinal column
and offers the advantage of a controlled manipulation of
both the anterior and posterior column, is the most popular
technique designed for severe kyphoscoliosis deformities
[1-16]. Modi et al. [17] applied posterior multilevel verte-
bral osteotomy to treat severe kyphoscoliosis, and satisfac-
tory clinical and radiologic results were achieved. In
addition, eggshell osteotomy [19], vertebral decancellation
[5], and multilevel-modified VCR [20] are also used to treat
severe kyphoscoliosis. Although with satisfactory correction
of deformity, such aggressive osteotomies are accompanied
by high risk of complications or excessive blood loss. For
example, VCR has the rate of neurological complications or
intraoperative neurological events from 6.3 to 27 % [1-16].
In the report about posterior multilevel vertebral osteotomy,
average blood loss was 3015 £ 1213 ml [17].

Case Op. time (min) Blood loss (ml) Blood transfusion (ml) Hospital stay (days) Complications
First Second Fusion
surgery surgery surgery

1 260 Not applicable 255 1050 - 30 None

2 260 Not applicable 315 900 - 34 None

3 340 40 375 1750 800 35 None

4 290 30 340 1830 1000 35 None

5 275 50 285 2200 - 41 CSP

6 255 40 325 1205 - 50 None

7 240 50 390 1630 600 43 CSP

8 240 Not applicable 300 1700 - 27 None

9 260 Not applicable 310 1600 - 31 None

10 310 40 355 2300 1200 47 None

11 335 Not applicable 280 1500 - 26 CSp

12 240 Not applicable 285 800 300 28 None

13 295 30 275 1600 600 40 None

14 260 Not applicable 310 1300 700 29 None

15 285 35 350 1300 800 57 Transient

dyspnea

16 305 Not applicable 295 1300 - 30 None

17 290 40 310 1400 800 52 CSP

Average 278.8 39.5(n=9) 315 1492.1 755.6 (n =9) 36.9

CSP concave soft-tissue pain after the first distraction
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Compared with above aggressive osteotomies, our correc-
tion method, which includes staged anterior release,
posterior internal distraction and subsequent posterior
spinal fusion, has a number of advantages as follow:

1. It is much safer. Our correction method obviates three-
column osteotomy. The flexibility of spine is increased
by adequate release, but the vertebrae are still
connected by the remaining ligaments and annulus,
so the possibility of subluxation during surgery is low.
Thoracic kyphosis is greatly corrected before the final
fusion surgery. There is no need to shorten the
posterior column aggressively to correct kyphosis, so
the risk of spinal cord overshortening is quite low.
There were no neurological complications or an
intraoperative neurological event in this series of
patients.

2. It is simpler. Anterior release and posterior internal
distraction are not highly technical procedures, but
they can correct both scoliosis and kyphosis greatly. In
the final fusion surgery, the implantation of pedicle
screws becomes easier and the correction of residue
deformity is not too difficult. This means less operating
time and blood loss. The operating time and blood loss
of fusion surgery averaged 315 4 36.8 min and
1111.8 £ 390.3 ml, respectively, which was much
less than above aggressive surgeries.

3. The surgeries were performed in two or three stages,
and the time of every surgery was not very long. So the
patients had time to recover and were more tolerant of
this correction method. No patient received blood
transfusion during the perioperative period of the first
and second distraction surgery. Only nine patients
received blood transfusion during or after the final
fusion surgery, and no patient required intensive care
unit support.

Compared with VCR or posterior multilevel vertebral
osteotomy, we had achieved similar or even better deformity
correction. Lenke et al. published their results of VCR for
severe kyphoscoliosis. A 55 % scoliosis correction was
achieved, and the preoperative sagittal kyphosis of 104° was
corrected to 45° [9]. Modi et al. [17] applied posterior
multilevel vertebral osteotomy to treat severe kyphoscolio-
sis. A 54.3 % scoliosis correction was achieved, and the
preoperative sagittal kyphosis of 73.6° was corrected to
45.3°. In this study, the preoperative main thoracic curve of
110.1° was corrected to 33.5° at the most recent follow-up
assessment, showing a 70.3 % scoliosis correction. The
preoperative sagittal kyphosis of 83.5° was corrected to
37.5°.

After anterior release and first distraction, the preop-
erative thoracic kyphosis of 83.5° & 16.3° was corrected to

@ Springer

46.9° + 10.7°, which was close to normal range. It is quite
easy to correct the thoracic kyphosis by anterior release and
posterior internal distraction. Anterior release dramatically
increases the flexibility of the spine. When the distraction
rod bent to the normal sagittal contour is connected to the
pedicle screws, the thoracic kyphosis was partially cor-
rected. Then the proximal and distal pedicle screw caps are
locked, and distraction is performed between Domino
Connector and rod holder. The spinal column would be
lengthened and vertebrae will realign along the rod, espe-
cially the vertebrae around the apex, whose flexibility is
dramatically increased by anterior release. By such kind of
mechanism, the thoracic kyphosis is corrected to almost
normal range. However, the spinal column can not be
lengthened without limitation. When the spinal column is
lengthened to some degree, its stiffness will exceed the rod.
If more distraction was performed, the rod will bent. So in
some patients, second distraction increased the thoracic
kyphosis.

When it comes to indication, we want to emphasize that
this method is more suitable for the patients with global
kyphosis, not angular kyphosis. In the patients with severe
kyphoscoliosis, the spine column rotates greatly and is
close to chest wall, so it is easy to perform anterior release.
However, severe scoliosis is rare in the patients with an-
gular kyphosis. So in anterior surgery, the angular defor-
mity is deep and it is hard to do anterior release. In
addition, it is dangerous to do distraction without resection
of angular bone which causes spinal cord compression.

This correction method is a good option for severe
kyphoscoliosis, but some disadvantages should be men-
tioned. First, pulmonary function will be compromised
because of anterior surgery. In this study, transient dyspnea
occurred in one patient after anterior surgery; however,
fortunately, it subsequently resolved and no ventilator
support was needed. Second, staged surgeries mean longer
hospital stay time and more anesthetic times. Third, re-
peated surgeries may increase the rate of infection. Fortu-
nately, there is no infection in this series of patients, but it
can never be stressed enough that great care should be
excised to avoid infection.

Conflict of interest None declared.
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