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Abstract

Aim To investigate the efficacy and safety of temporary
internal distraction corrective surgery for extremely severe
scoliosis.

Methods Eleven scoliosis patients (3 males and 8
females) with curves >130° (mean 148.8°; range 130°-
157°) who underwent a two-stage surgery, including a
posterior temporary internal distraction correction and
definitive posterior spinal correction with posterior pedicle
screw instrumentation from 2008 to 2011 were retrospec-
tively reviewed. Minimum follow-up was 2-years (mean
41.8 months; range 27.0-63.0 months). The analysis
focused on the impact of temporary internal distraction on
curve correction, pulmonary function tests (PFTs), com-
plications and surgical outcomes. Neurosurveillance of
sensory (somatosensory-evoked potentials) and motor
(motor-evoked potentials) potential was performed in all
cases. Posterior instrumentation was used in all patients.
Results  After the use of internal distraction, the preop-
erative major curve (mean 148.8°; range 130°-157°) was
corrected to a mean of 79° (range 63°-87°), the T5-T12
kyphosis Cobb angle (mean 79°; range 30°-97°) was cor-
rected to a mean of 59° (range 20°-75°), the coronal
imbalance (mean 0.8 cm; range —3.6 to 2.8 cm) was
improved to a mean of 0.6 cm (range —1.5 to 2.0 cm), the
forced vital capacity percentage (FVC%) was improved
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from 59.3 + 11.6 to 68.7 £ 13.7, and the forced expiratory
volume in 1 s (FEV1%) was improved from 61.4 £ 13.6 to
71.3 £ 9.3. The average increase in body height was
6.7 cm, and the dorsum razor was corrected to 3-5 cm.
During definitive surgery, the final major curves were
corrected to a mean of 55° (range 32°-72°), the T5-T12
kyphosis Cobb was corrected to 35° (range 15°-68°), the
coronal imbalance was improved to 0.5 cm (range —1.2 to
1.8 cm), the FVC% was improved to 71.2 £ 8.3, the
FEV1% was improved to 76.3 £ 16.7, the increase in body
height was 3.1 cm, and the dorsum razor was corrected to
1-3 cm. The mean interval time between the two surgeries
was 3.5 months. None of the patients exhibited postoper-
ative neurologic deficits or infections. No instrument
complications were found during the final follow-up.
Conclusions Temporary internal distraction in a two-
stage corrective surgery provided patients who had extre-
mely severe and rigid scoliosis, an effective and safe
solution for scoliosis without significant complications.

Keywords Severe and rigid scoliosis - Internal
distraction - Posterior fusion - Surgical procedure

Introduction

Severe spinal deformities can cause compression of the
spinal cord and thoracoabdominal structures [1, 2], which
can lead to neurological and cardiopulmonary anomalies. It
also affects the patient’s daily activities, growth, develop-
ment, and appearance [3].

Posterior circumferential vertebral column resection
(PVCR) produces a better correction rate (correction rate of
51-59 %) for severe and rigid scoliosis [1, 4-6]. Although
it obviates a circumferential approach, a one-stage PVCR is
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associated with a high risk of neurological compromise
during the acute correction, especially if there are signifi-
cant kyphotic components, a history of intraspinal pathol-
ogy or a history of previous spinal surgery [6-8].
Meanwhile, intraoperative massive bleeding and operative
trauma might result in the deterioration of neurological
and/or cardiopulmonary function. Thus, a one-stage PVCR
may not be an ideal choice for patients with severe and
rigid scoliosis [9-15].

The usual strategy employed to manage severe and rigid
scoliosis includes halo-traction devices (e.g., halo-pelvic,
halo-femoral, and halo-tibial) that gradually straighten the
spine before fusion surgery to retain the position of the
correction [16]. Halo-gravity traction (HGT) provides
gradually significant corrective forces and it can be used in
the patient’s bed, a wheelchair, with a walking frame, and
during an operation [17], However, it is associated with
complications and contraindications in the presence of
fixed cervical instability, kyphosis, or stenosis. In addition,
HGT involves the use of a bulky device that often requires
the patient to stay in the hospital for the full duration of the
procedure. These limitations led to the consideration of
temporary internal distraction as an alternative.

To date, only a few studies have used internal distraction
devices for deformity correction [17-21]. Some adopted
the use of conventional growing rods, and another study
reported a case that used a novel magnetically controlled
growing rod as an internal distraction device for deformity
correction. However, more studies are needed on the use of
internal distraction for severe scoliosis (i.e., >130°).

The purpose of our study was (1) to assess the safety and
efficacy of temporary internal distraction in treating com-
plex, severe and rigid scoliosis of various aetiologies, (2) to
observe the effects of temporary internal distraction on
pulmonary function, and (3) to identify the complications
associated with temporary internal distraction in perioper-
ative and long-term time periods.

Materials and methods
Patients and evaluation

Retrospective analysis carried out in 11 consecutive
patients (3 male and 8 female) with severe and rigid sco-
liosis (major curve Cobb angle >130 on anteroposterior
radiograph, made with the patient standing; flexibility
<15 % on lateral-bending radiograph, made with the
patient supine) treated by a two-stage surgery in our hos-
pital from June 2008 to February 2011. The procedure
included the initial posterior temporary internal distraction
correction following by the second stage posterior spinal
correction with posterior pedicle screw instrumentation for
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the correction of extremely severe and rigid scoliosis.
Neurosurveillance with sensory (somatosensory-evoked
potentials) and motor (motor-evoked potentials) potential
was performed in all cases.

All patients were reviewed with a minimum follow-up
of 24 months (mean 41.8; range 27-63 months). No patient
was lost during the follow-up. To evaluate surgical effec-
tiveness, the clinical records were reviewed for demo-
graphic data, pulmonary function tests (PFTs),
radiographic outcomes, operating time, average amount of
blood loss and complications. PFTs analysis included
percent forced vital capacity (FVC%) and percent volume
expelled in one second (FEV1%). Radiographic analysis
consisted of Cobb angle measurements of coronal curves,
apical vertebral translation (AVT), coronal balance, sagittal
balance, thoracic kyphosis, and lumbar lordosis. All mea-
surements were taken preoperatively, after temporary
internal distraction surgery, after the definitive surgery, and
during the final follow-up period.

Deformity measurements were based on Cobb’s method.
Flexibility was calculated according to the Cobb angle
obtained from supine bending films. AVT for thoracic
curves was measured as the distance between the C7 plumb
line and the center of the apical vertebral body or disk.
AVT for thoracolumbar and lumbar curves was measured
as the distance between the central sacral line and the
center of the apical vertebral body or disk. Coronal balance
was measured as the distance between the C7 plumb line
and the central sacral line. Sagittal balance was measured
as the distance between the C7 plumb line and the pos-
terosuperior corner of S1. Thoracic kyphosis was measured
by the Cobb method from the superior end plate of TS5 to
the lower end plate of T12, and lumbar lordosis from the
superior end plate of T12 to the end plate of S1.

Pulmonary function tests (PFTs) were assessed using a
standard ultrasound spirometer in the sitting position
(Spiroson, v1.2D, Germany). The pulmonary function
value reported were forced vital capacity (FVC), which is
expressed as a percentage of the predicted value (FVC%),
and the volume expelled in one second (FEV1), which is
expressed as a percentage of the predicted value (FEV1%)
[22].

According to the American Thoracic Society’s guideli-
nes for the severity of pulmonary impairment, ‘no’ pul-
monary impairment was considered when the FVC% is
>80 % of the predicted value, ‘mild’ when the FVC% is
<80 % but >65 %, ‘moderate’ when the FVC% is <65 %
but >50 %, and ‘severe’ when the FVC% 1s <50 %. For all
the time observed, a negative FVC% change during the
treatment period indicated a decline in FVC%.

Patients were defined as ‘pulmonary responders’ to
temporary internal distraction if their pulmonary function
(in terms of the FVC%) improved by at least 5 % and as
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‘non-responders’ if there was an improvement or decrease
of 0-5 %; a decline was noted if the FVC% dropped more
than 5 % after 2 months of temporary internal distraction.
Likewise, the impact of definitive posterior spinal correc-
tion on PFTs results was analyzed by comparing the FVC%
performed after temporary internal distraction 2 months
with FVC% performed after the definitive posterior spinal
correction 2 months. Patients were classified as having
improved (>5 % FVC% increase), stable (5 % FVC%
change) or worsened (>5 % FVC% decrease).

The mean age was 17.8 years (15-23 years); the
mean preoperative rigid scoliosis measured 149°, flexi-
bility <15 %. Average kyphosis Cobb is 79°, Risser Stage
>4 (the French Risser staging systems) and closed trira-
diate cartilage in all cases. Diagnoses were neuromuscular
scoliosis (n = 7), idiopathic (n = 3), and congenital
(n = 1). Neuromuscular scoliosis patient diagnoses inclu-
ded spina bifida (type II, n = 3), syringomyelia (n = 2),
and chiari malformation (n = 2), one of whom also had
syringomyelia. Firstly, a posterior sub occipital craniec-
tomy was performed to enlarge the foramen occipital
magnum, and then the patients underwent the scoliosis
correction with the two-stage surgery. All patients were
ambulatory and with mild limit of daily living activity prior
to surgery. All patients had a decrease in pulmonary
function with an average of 61 % of normal FEVI1 and
59 % of normal FVC (Fig. 1).

=

Surgical techniques and postoperative management

Patients were placed in the prone position after induction of
general anesthesia with tracheal intubation. Two minimally
invasive skin incisions (5 cm each) were made at the
locations of the upper and lower end of the vertebra. The
fascia adjacent to the spinous process in the concavity of
the curve was divided and the paraspinous muscles par-
tially mobilized, leaving a thin muscle cuff over the lam-
inae. The periosteum and laminae were not exposed.
Markers were placed on the spinous processes to radio-
graphically identify the preplanned levels for instrumen-
tation. Two-level pedicle screws were typically inserted in
the upper and lower end vertebra, respectively (two pedicle
screws at the cephalad end and two at the caudad end of the
major coronal curve on the concave side). If it is too dif-
ficult to put in pedicle screws, laminar hooks can be used.
Two rods were then measured (left 4-6 cm long above or
below the upper or lower construct), cut, contoured for
frontal and sagittal plane alignment. A longer distraction
rod connected to the cephalad fixation points was inserted
subcutaneously, and a shorter distraction rod was con-
nected to the caudad fixation points. These two rods were
connected with a side-by-side connector and were dis-
tracted and rotated by repeatedly loosening and tightening
alternating screw nuts. This is usually a 4-6 cm distraction,
depending on the flexibility of the scoliosis. Spinal cord

Fig. 1 a-d A 18-year-old male with 137° severe scoliosis and 92° kyphosis, the scoliosis were corrected in supine bending films to 120°
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Fig. 2 a, b The patient underwent temporary internal distraction,
postoperatively, the major curves of 137° was corrected to 75°, T5—
T12 kyphosis Cobb angle of 92° was corrected to 55°. ¢, d During

monitoring (both somatosensory-evoked potentials and
motor-evoked potentials) was used for all patients during
the distraction maneuver throughout each procedure. A
wake-up test was performed, and the patients were able to
move all four limbs. Within several days after surgery, the
patients were fitted with either a Milwaukee (cervical-
thoracic-lumbar spinal orthosis) or a total contact (tho-
racic—lumbar spinal orthosis). The orthoses were worn at
all times except when they were sleeping. The patients
were allowed activities, as tolerated, after surgery. They
were evaluated clinically and radiographically over
3-month intervals.

At 12—-15 weeks after the initial surgery or distraction, a
definitive posterior spinal fusion was performed when the
patient’s medical status was good enough to receive a
deformity correction. Patients were placed prone after
induction of general anesthesia with tracheal intubation.
Following posterior exposure and dissection of the par-
avertebral tissues to allow the rigid spine to become more
flexible, using persuasion and rod derotation, the deformity
was corrected. The temporary internal distraction rods were
replaced with contoured permanent rods on the convex and
concave sides. When there was a lack of scoliosis correc-
tion because of severe scoliosis, the Smith-Petersen
osteotomy (SPO) [23] was also conducted. The pedicle
screws from the previous implant were either retained or
partially removed, according to the requirements for further
correction. After the cross-link was tightened, the wound
was irrigated copiously. Decortication was performed on
all levels of planned fusion, and the bone graft was placed
along the spine for posterior fusion. The wound was then
closed in layers over subfascial drains. After posterior
surgery, a wake-up test was performed in all patients.
Patients were allowed to sit up in bed after the wound
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definitive surgery, the final major curves was corrected to 63°, T5-
T12 kyphosis Cobb was corrected to 35°. e, f At the 24-month follow-
up, no relevant loss of correction in the thoracic curve was observed

drainage was removed 48 h after the operation. They were
then gradually allowed to get out of bed for exercise,
although a plastic thoracolumbar sacral brace was pre-
scribed for 3 months (Figs. 2, 3, 4).

Statistical analysis

Paired student’s f tests were used to test for the level of
significance. P < 0.05 was considered statistically signifi-
cant. The analyses were performed using SPSS11.0.

Results

A total of 11 consecutive patients were enrolled in this
study. No patient was lost to follow-up. Demographic
details and surgical parameters for all the patients are
shown in Table 1. Radiographic parameters for the coronal
and sagittal planes, and changes in forced vital capacity
percentage (FVC%) and forced expiratory volume in 1 s
(FEV1%) are shown in Table 2.

During internal distraction, the mean operating time was
118 min (range 90-135 min) and the mean total blood loss
was 210 ml (range 140-300 ml). After the internal dis-
traction, the preoperative major curves (mean 149°, range
130°-157°) were corrected to a mean of 79° (range 63°-
87°), the T5-T12 kyphosis Cobb angle (mean 79°, range
30°-97°) was corrected to a mean of 59° (range 20°-75°),
the imbalance (mean 0.8 cm, range —3.6 to 2.8 cm) was
improved to 0.6 cm (range —1.5 to 2.0 cm) in the coronal
plane and was improved to 0.5 cm (range —2.8 to 3.0 cm)
in the sagittal plane (mean 1.4 cm, range —3.5 to 4.7 cm),
the FVC% was improved from 59.3 to 68.7, the FEV1%
was improved from 61.4 to 71.3, the average increase in
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Fig. 3 a, b Clinical pictures of patient preoperatively (a), After temporary internal distraction (b), After definitive surgery (c)

body height was 6.7 cm, and correction of the dorsum
razor was 3-5 cm. No neurologic deficits or infections
resulted from the procedure. None of the patients reported
breakdown of the skin.

During definitive surgery, the mean operating time was
303 min (range 250-400 min), the mean total blood loss
was 1512 ml (range 650-2500 ml), the mean final major
curves were corrected to 55° (range 32°-72°), the T5-T12
kyphosis Cobb was corrected to 35°(range 15°-68°), the
coronal imbalance was improved to 0.5 cm (range —1.2 to
1.8 cm), the sagittal imbalance was improved to 0.2 cm
(range —2.3 to 2.7 cm), the FVC% was improved to 71.2,
the FEV1% was improved to 76.3, the mean increase in
body height was 3.1 cm, and the correction of the dorsum
razor was 1-3 cm.

During the most recent follow-up, there was neither
significant loss of correction of the scoliotic curvature nor
of the pulmonary function tests (PFTs) between the post-
operative measurements and the last follow-up. The mean
interval time between the two surgeries was 3.5 months.

All patients in our series recovered well following the
surgery without major complications or death. There was a
smooth transition from no spontaneous breathing to spon-
taneous breathing during the immediate postoperative
period in the operating room in all patients. All of the
patients were successfully extubated in the operating room.
None developed respiratory complications, including
postoperative pneumonia or required reintubation or tra-
cheotomy. Postoperatively, none of the patients showed
neurological deficits or infections. No instrumentation

complications were found during the final follow-up. One
complication, a paralytic ileus, occurred immediately after
surgery. We observed the patient, and the complication
cleared within 48 h after surgery. The patient did not
require the use of medication.

Discussion

Severe scoliotic spinal deformities can cause compression
of the spinal cord and thoracoabdominal structures [1-3],
affect the thoracic cage; disturb skeletal, muscular and
diaphragmatic function; and reduce respiratory system
compliance [24, 25]. To date, a series of long-term studies
on the natural course of pulmonary impairment and severe
scoliosis have shown that there is no spontaneous resolu-
tion but rather a slight decline of PFT over time [26], and
this is especially the case with curves >100°, in which
respiratory system compliance is decreased to levels
comparable to those of adult respiratory distress syndrome,
which lead to patients suffering long-term sequelae. This
includes reduced pulmonary endurance with an increased
mortality rate compared with those who experience respi-
ratory failure in adulthood [27-30]. Untreated severe
(kypho-) scoliosis has a poor prognosis, accounting for up
to 5 % of chronic ventilator failures in adulthood [31, 32].
Hence, pulmonary function in patients with severe scoliosis
was seriously diminished, which can increase the risk of
corrective surgery and affect the patient’s daily activities,
growth and development and appearance [33].

@ Springer
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Fig. 4 a Two minimally invasive skin incisions (5 cm each) were
made at the locations of the upper and lower end vertebra.b A two-
level pedicle screws and two rod were placed. ¢, d Two rods were
connected with a side-by-side connector and were distracted and
rotated by repeatedly loosening and tightening alternating screw nuts.

The current PVCR approach has been a viable option for
severe and rigid scoliosis, and it can achieve acute cor-
rection (a correction rate of 51-59 %) [12, 34-38]. In such
situations, the risk of postoperative neurologic complica-
tions is further increased. Acute correction during PVCR,
in cases with significant kyphotic components, a history of
intraspinal pathology or previous spinal surgery, was
reported to bring high risk for neurological compromise
[39]. A long operation time, substantial blood loss and
operative complications might cause the neurological and
cardiopulmonary anomalies to worsen. Therefore, in
patients with severe and rigid scoliosis and low pulmonary
function, a one-stage PVCR may not always be the ideal
choice.

Preoperative traction can correct severe spinal defor-
mities before definitive spinal fusion. It allows for safer,
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e During definitive surgery, the deformity was corrected, and the
temporary internal distraction rods were replaced with contoured
permanent rods. f Decortication was done to all levels of planned
fusion, and bone graft was placed along the spine for posterior fusion

partial and a less aggressive correction of a severely
deformed spine and additional spinal deformities that may
appear during gradually increased traction so that definitive
surgical correction is performed on a less pronounced
spinal deformity. This could allow for better and easier
overall correction of the deformity without the risk of
neurological and cardiopulmonary complications associ-
ated with major operations. Halo-traction devices (e.g.,
halo-femoral, halo-pelvic, and halo-gravity) have been
employed to manage these severe and rigid scoliosis cases
[15, 17, 40]. HGT can gradually provide significant cor-
rective forces, but this involves the use of a bulky device
and patients are often required to stay in the hospital during
the entire procedure. The constant, high traction forces are
associated with several long-term complications; for
instance, pin loosening and superficial, deep pin tract
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Table 2 Radiographic and pulmonary function date

Preoperative

After internal distraction

After final correction

Final follow-up

Major curve (°)

T5-T12 kyphosis Cobb
©)

T12-S1 lordosis (°)

Dorsum razor (cm)
AVT (cm)

Coronal imbalance (cm)
Sagittal imbalance (cm)
FVC%

FEV1%

148.8 £ 12.7 (130-157)
79.2 £ 36.2 (30-97)

—67.1 £ 21.4 (=92 to
—20)

7.9 £ 2.3 (6.0-10.5)
8.6 + 1.8 (6.4-13.5)
0.8 + 0.7 (=3.6 to 2.8)
1.4 £ 0.7 (=3.5 to 4.7)
593 £ 11.6

61.4 £ 136

79.4 £ 21.3 (63-87)
59 £ 21.3 (20-75)

—534 4 13.1 (=64 to
-31)

3.6 + 1.8 (4-9.3)

5.3 + 2.1 (3.2-10.5)

0.6 + 0.8 (—1.5 to 2.0)

0.5+ 1.2 (=2.8 to 3.0)

68.7 £ 13.7

713 £93

547 £ 19.5 (32-72)
34.8 £+ 9.6 (15°-68°)

—43.5 £ 8.6 (—65 to
—29)

2.1. £ 1.3 (1.6-7.5)
3.0 + 1.4 (2.4-8.7)

0.5 4+ 0.6 (—1.2 to 1.8)
0.2 4 1.0 (2.3 t0 2.7)
712 £ 83

76.3 £ 16.7

55.8 £ 19.7 (30-75)
35.6 £ 8.7 (15°-67°)

—41.3 £ 8.6 (=60 to
-32)

224+ 1.7 (1.8-7.5)

3.0 + 1.7 (2.3-9)

0.5+ 0.8 (—1.3to0 1.8)

02+ 1.3 (=251t 2.7)

73.1 £ 11.9

755 £ 138

AVT apical vertebral translation, /M corr immediate postoperative correction rate

infections (cranial osteomyelitis, intradural and extradural
infections), a loss of cervical lordosis and cervical degen-
erative changes, and avascular necrosis of the proximal tip
of the dens [41-46]. These limitations led us to consider
the use of temporary internal distractions as an alternative.

To date, only a few studies have used internal distraction
devices for deformity correction. Buchowski [19, 20]
reported the use of internal distraction devices that
accompanied anterior and/or posterior release for defor-
mity correction. Cheng [3] adopted the use of conventional
growing rods, and another [18] group reported a case that
used novel magnetically controlled growing rods for cor-
rection. However, more studies are required on the use of
internal distraction to adapt and optimize the techniques for
severe scoliosis (>130°) correction. We aimed to under-
stand the safety and efficacy of temporary internal dis-
traction in treating complex, severe and rigid scoliosis of
various aetiologies; to observe the effects of temporary
internal distraction on pulmonary function; and to identify
the complications associated with temporary internal dis-
tractions during perioperative and long-term time periods.

There are studies [28] that have indicated a strong cor-
relation between curve correction and pulmonary function
improvement. Preoperative medical and pulmonary
improvement in a patient with severe deformity can reduce
surgical risks [47, 48]. Since the 1970s, HGT has been
recommended for patients whose pulmonary function was
so poor that immediate surgery might have been lethal
[49]. In Koller’s study, the change from the pre-halo-
traction FVC% to the follow-up FVC% averaged 3 %. In
Rizzi’s study [28] on severe spinal curves, it was reported
that pre-op-HGT was beneficial for the improvement of
FVC that averaged 7 %. In a study by Nepple [50], the
FVC% improved from 31 to 47 % after 4 weeks of HGT.
Smiljanic [32] used an anterior open approach for instru-
mented derotation and reported on 31 cases of scoliosis of
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108° corrected to 37°. He noted an improvement in the
FVC% from 66 to 78 % at the 12-month follow-up. Sim-
ilarly, Kim [51] used a segmental pedicle screw to treat
moderate scoliosis and the results demonstrated a signifi-
cantly increased respiratory function compared with the
use of less rigid constructs. We found similar results
showing there are ‘pulmonary responders’ to temporary
internal distraction. The pulmonary function (represented
by FVC%) in patients with pulmonary impairment were
improved by 9 %, thus improving from moderate to mild.
Temporary internal distraction significantly improved the
patients’ postoperative pulmonary evolution with mini-
mally invasive procedures. During the final surgery, pul-
monary function (represented by FVC%) improved by
3 %, and these patients were considered to be ‘non-re-
sponders’. These stable results emphasize that interdis-
traction correction might also be decisive for pulmonary
improvement in severe scoliosis. In summary, temporary
internal distraction is a useful tool to improve a patient’s
pulmonary condition.

In terms of halo distraction, Bonnett et al. [52] reported
a series of halo-femoral traction with paralytic scoliosis
patients who achieved an average of 53 % correction with
an additional 12 % correction after posterior instrumenta-
tion. Rinella [53] demonstrated less overall curve correc-
tion (reduced by 38° or 46 %) than that in the report by
Kane et al. and Bonnett et al. [52]. This may be partially
due to lower relative traction forces associated with HGT
than those associated with halo-femoral traction. However,
the results of other experiments were significantly different
and sometimes contradictory. Heiko et al. [24] showed that
pre-op-HGT did not induce a meaningful release effect for
rigid curves, and that the difference in flexibility between
HGT radiographs and bending or traction radiographs was
not significant. In studies by Seller [54] and Flierl [55],
HGT did not improve surgical outcomes for scoliosis.
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These studies indicated that the real effect of HGT on rigid
curves might be overestimated. It is interesting to note that
Tokunaga [56] reported improved curve correction (>80°)
with HGT and final posterior correction after anterior
column release. He also emphasized that HGT gains more
importance after an aggressive release. After anterior
release, the correction due to HGT increased from 24 to
38 % after 1 week, to 42 % after 2 weeks and to 45 %
after 3 weeks. Most of the final correction (49 %) was
achieved by the anterior release and the first week of HGT.
In our study, internal distraction occurred without posterior
or anterior release and the mean operating time was
118 min, the mean total blood loss was 210 ml, the curve
correction was 49 % (from 149° to 79°), and the T5-T12
kyphosis Cobb angle correction was 26 % (from 79° to
59°). The mean final curve correction was 64 % (from 149°
to 55°). The curve correction rate after internal distraction
was better than that achieved with conventional halo dis-
traction and similar to that obtained from corrective sur-
gery with posterior or anterior release. The final curve
correction rate was better than that achieved with con-
ventional halo distraction and less than that obtained from
surgery with VCR. The concept of using an internal dis-
traction rod to correct the coronal and sagittal planes before
definitive fusion was suggested by the report published by
Buchowski et al. [19, 20]. The authors implanted conven-
tional growing rods into patients with severe curves and
used two distraction procedures to perform a staged cor-
rection of the deformities. Curve correction after use of
initial posterior release (with six also having anterior
release) and internal distraction, and before definitive
fusion averaged 53 % (from 104° to 49°); correction was
6 % after the second distraction procedure; and the mean
final curve correction was 80 % (from 104° to 20°). We
should also note the correction of the scoliotic curve can be
obtained progressively by iterative lengthening the grow-
ing rod to treat evolutive scoliosis in young children [57—
61]. Miladi et al. [57] showed the average improvement in
Cobb angle after each rod-lengthening of the growing rod
was 12.9, which includes two parts, the loss of correction
due to spine growth between two rod lengthenings (10°)
and the improvement of correction (2.9°). Moreover, the
main scoliotic curve was corrected from 68° £ 32° (range
31°-142°) before surgery and preoperative reduction to 33°
(range 11°-71°) after surgery, and 29° (range 15°-63°) on
average at the last follow-up. This represents a 57 %
improvement. By comparing the average improvement in
Cobb angle after each rod-lengthening procedure in Mila-
di’s study and in Buchowski’s study, it can be seen that
Miladi’s technique had the advantage of better curve cor-
rection after the rod-lengthening procedure.

This phenomenon exists for a number of reasons. First,
submuscular placement of the rod in Miladi’s study avoided

a long and unique incision and muscle release that provided
fibrosis and bone auto fusion, whereas the viscoelasticity
feature of soft tissues was preserved. Second, a growing rod
has been proposed for those patients with an immature spine
to halt scoliosis progression and delay the definitive surgical
procedure until spinal growth was sufficient. Therefore, the
mean age at initial surgery in Miladi’s study (average
9 years, range 2—13 years) was younger than in Buchows-
ki’s study (average 13 years, range 8-16 years). The
younger children possessed enviable flexibility and future
development potential, which are beneficial for iterative
lengthening of the growing rod in curve correction. Third,
there were more severe and rigid main scoliotic curves in
Buchowski’s study (average 104°, range 70°-131°) than in
Miladi’s study (average 68°, range 31°-142°), which meant
the curve correction was more difficult.

Our study differed from Buchowski’s and Miladi’s
studies. First, we did not perform a second distraction
procedure and a posterior or anterior release, and only a
small difference in correction rate was found after the
internal distraction procedure. Second, we did not perform
VCR during final correction or fusion surgery. Finally, our
study included older patients with more severe and rigid
main scoliotic curves. These considerations are important
in the assessment of the approach’s effectiveness in treat-
ing scoliosis and may limit the efficacy of repetitive dis-
tractions with growing rods. During internal distraction
with a mini-invasive approach, the viscoelasticity feature
of soft tissues is preserved, so results may be better if some
iterative distractions are added to improve curve correction
before definitive fusion. However, considering the patients’
more advanced ages and more severe and rigid main sco-
liotic curves in our series than those in Miladi’s series, and
the increased cost of the operation, we did not perform
repetitive distractions in our series. Certainly, this is an
area that should be explored in future studies.

There are conflicting data as to whether maximizing
curve correction is required for severe scoliosis. Problems
arise with the lack of uniform definitions of severe and rigid
curves [62-66]. Generally, severe curves have a Cobb angle
>80°-90°, are rigid when the flexibility is <20-30 % and
bend down to 70°-80° at best. Silvestre [63] stated that in
severe scoliosis, the aim should be not to maximize the
correction but rather to obtain an acceptable balance. This
strategy was also followed in our study. After use of internal
distraction, the imbalance of 0.8 cm (range —3.6 to 2.8 cm)
was improved to 0.6 cm (range —1.5 to 2.0 cm) in the
coronal plane, and the imbalance of 1.4 cm (range —3.5 to
4.7 cm) was improved to 0.5 cm (range —2.8 to 3.0 cm) in
the sagittal plane. The average increase in body height was
6.7 cm, and the correction of the dorsum razor was 3-5 cm.
During definitive surgery, the coronal imbalance was
improved to 0.5 cm (range —1.2 to 1.8 cm), the sagittal
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imbalance was improved to 0.2 cm (range —2.3 — 2.7 cm),
the mean increase in body height was 3.1 cm, and the
correction of the dorsum razor was 1~3 cm. The spinal
balance of patients showed good recovery.

Compared to PVCR and HGT results reported in the
literature, temporary internal distraction seems to be much
safer for improving pulmonary function and correcting
spinal curves. Our results showed that all patients recov-
ered well following the surgery with no major complica-
tions or death. All of the patients were successfully
extubated in the operating room. None of the patients
developed any respiratory complications, such as postop-
erative pneumonia, required reintubation or tracheotomy.
Postoperatively, none of the patients showed neurological
deficits or infections. No complication of instrumentation
was found during the final follow-up. No one reported
breakdown of the skin. Even with the advantages described
above, internal distraction surgery was not perfect and one
complication, a paralytic ileus, occurred immediately after
surgery. This case was treated with observation and with-
out oral intake, and it cleared within 48 h. In fact, there
were tremendous force exerted on the pedicle screw during
internal distraction surgery; therefore, surgeon should pay
special attention to prevent screw pull out and neurologic
injury.

Conclusion

The use of temporary internal distraction in two-stage
corrective surgical treatment for extremely severe and rigid
scoliosis can improve pulmonary function and correct
deformity. Internal distraction is a safe and effective
alternative treatment for severe and rigid scoliosis.
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