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Abstract
Background: The severe rigid deformity patients with pulmonary dysfunction could not tolerate complicated
corrective surgery. Preoperative traction are used to reduce the curve magnitude and improve the pulmonary
function before surgery, including halo-gravity traction (HGT) and halo-pelvic traction (HPT). The present study
aimed to retrospectively compare the radiographic, pulmonary and clinical outcomes of preoperative HGT and HPT
in severe rigid spinal deformity with respiratory dysfunction.
Methods: 81 cases of severe rigid kyphoscoliosis treated with preoperative traction prior to corrective surgery for
spinal deformity between 2016 and 2019 were retrospectively reviewed. Two patient groups were compared, HPT
group (N = 30) and HGT group (N = 51). Patient demographics, coronal and sagittal Cobb angles and correction
rates, pulmonary function, traction time, osteotomy grade, and postoperative neurological complications were
recorded for all cases.
Results: The coronal Cobb angle was corrected from 140.67 ± 2.63 to a mean of 120.17 ± 2.93° in the HGT group,
and from 132.32 ± 4.96 to 87.59 ± 3.01° in the HPT group (mean corrections 15.33 ± 1.53 vs. 34.86 ± 3.11 %) (P =
0.001). The mean major sagittal curve decreased from 134.28 ± 3.77 to 113.03 ± 4.57° in the HGT group and from
129.60 ± 8.45 to 65.61 ± 7.86° in the HPT group (P < 0.001); the mean percentage corrections were 16.50 ± 2.13 and
44.09 ± 9.78 % (P < 0.001). A significant difference in the pulmonary function test results was apparent between the
two groups; the mean improvements in the FVC% of the HGT and HPT groups were 6.76 ± 1.85 and 15.6 ± 3.47 %
(P = 0.024). The HPT group tended to exhibit more FEV% improvement than the HGT group, but the difference was
not significant (5.15 ± 2.27 vs. 11.76 ± 2.22 %, P = 0.91).
Conclusions: Patients with severe rigid kyphoscoliosis who underwent preoperative HPT exhibited better
radiographic correction of the deformity, and pulmonary function, and required fewer osteotomies compared to
the HGT group. Thus, HPT may be useful for severe rigid spinal deformity patients with pulmonary dysfunction.
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Background
Surgical correction of severe spinal rigid deformity is
challenging and is associated with substantial risks of
mortality and morbidity, neurological injury, and even
permanent paralysis. The high incidence of pulmonary
dysfunction in severe rigid deformity patients is the unavoidable problem for the surgeon during the perioperative period [1, 2]. Pulmonary dysplasia in such patients is
attributable principally to the low thoracic volume; volumes during both inspiration and expiration are lower
than those of normal subjects [3]. The severity of respiratory impairment is closely linked to the extents of
the curves, especially the thoracic and thoracolumbar
curves [4, 5]. Irreversible pulmonary function damage,
and even respiratory failure, can develop in patients with
extremely severe scoliosis [6]. It is challenging to perform corrective surgery for extremely severe scoliosis patients, since their preoperative pulmonary dysfunction
could not tolerate such complicated and long time surgery [7–9]. Furthermore, large-angle orthopedics significantly increase the risk of postoperative neurological
complications [10].
To reduce such risks, surgeons are encouraged to use
any possible means to reduce the major curve magnitude
and improve the pulmonary function prior to corrective
surgery; the methods include halo-gravity traction
(HGT), halo-femoral traction (HFT), and halo-pelvic
traction (HPT) [11–13]. Preoperative traction can reduce
the main curvature, decreasing the difficulty of operation
and the risk of neurological complications [14]. During
traction, pulmonary function may improve remarkably
because of the reduction in curve magnitude accompanied by careful respiratory training.
HGT assists the curing of severe, pediatric spinal deformities, with no apparent postoperative complications
[14]. HGT features the imposition of a low traction force
with no need for bedrest, and improves coronal- and sagittal-plane deformities. HGT is well-tolerated, especially
by pediatric patients. Most subjects in earlier studies were
pediatric patients. HGT decreases the probability of aggressive osteotomy and prevents neurological complication in corrective operation. Sponseller et al. reported that
patients treated via HGT were less likely to require vertebral column resection [15]. HFT after spinal release,
combined with second-stage posterior correction, has
also been proposed to treat severe kyphoscoliosis [16].
However, halo gravity traction has poor strength, low
efficiency and is not suitable for the patients with rigid
deformity. HFT requires absolute bedrest and contribute to joint stiffness, which was not suitable for longterm preoperative traction. Therefore, HPT has become
the most commonly used traction technology for severe
rigid scoliosis at present due to its powerful distraction
forces.
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However, few attention has been paid to the benefit of
HPT in improving preoperative clinical conditions, such
as curve rigidity and pulmonary function. For ensuring
the clinical efficacy of patients, it is essential to optimize
preoperative clinical conditions prior to the corrective
surgery. In our center, HGT was used for preoperative
traction in the early year, but we found that the traction
effect of some patients was not ideal, including poor improvement of lung function and nutritional status due to
the “plateau effect”. So we chose HPT as the preoperative traction method in recent years. This study aimed to
retrospectively compare the therapeutic outcomes of
preoperative HGT and HPT prescribed for patients with
severe rigid spinal deformities (Cobb angle > 100°).

Methods
Study design and ethics approval

This work was approved by our institutional review board.
Informed consent was acquired from all patients and their
relatives included in the study. We retrospectively reviewed
patients with severe, rigid kyphoscoliosis (Cobb angle >
100°; N = 81) treated via traction prior to corrective surgery
between 2016 and 2019. Two patient groups were compared, the preoperative halo-gravity traction (HGT) group
(N = 51) and the preoperative halo-pelvic traction (HPT)
group (N = 30). Patient demographics, coronal and sagittal
Cobb angles, correction rates, pulmonary-function data,
traction times, osteotomy grades, and postoperative neurological complications were recorded. The inclusion criteria
were age > 10 years; a main thoracic scoliosis curve > 100,
or kyphosis > 100° when standing (evaluated via wholespine X-ray imaging) and > 70° on bending sideways; and
more than 2 years of follow-up. Patients with any history of
spinal surgery were excluded.
HGT Protocol

Our HGT protocol has been described previously [17].
In brief, the halo frame was placed immediately above
the right skull equator and fastened using four pins
tightened to 6–8 in-lb. of torque. The initial traction was
20 % of body weight. This was increased to 50 % of body
weight over 4 weeks, thus by an average of 10 % per
week. Patients were required to maintain traction at all
times, except when dining and engaged in personal hygiene. The surgeon checked daily for pin-site infections
and neurological signs. Diluted povidone-iodine solution
was applied to the shaved epicranial areas around the
pin sites at regular intervals. Traction was sustained during surgery (Fig. 1).
HPT Protocol

The HPT apparatus was designed by one of our senior
surgeons (YJF). The device features halo and pelvic rings
fastened to the cranial and iliac bones respectively, and
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Fig. 1 Preoperative application of HGT in a 15-year-old girl with a severe rigid spinal deformity. a The patient’s preoperative scoliosis angle(147°)
and kyphosis angle(147°). b The patient’s scoliosis angle (85°) and kyphosis angle (118°) after 6 months of traction. c He was treated with a long
posterior reconstruction from T2 to L4 with one-level grade 4 osteotomies at T8/9

four correcting rods that align the two rings to allow
spinal traction. Local anesthesia is essential during fitting. The cranial bone pins were placed as described
above. Two pelvic ring pins were placed on the iliac
crest and the posterior superior iliac spine. As shown in
Fig. 1, the lengths of the rods connecting the halo to the
pelvic rings were shortened by 3–5 mm/day, to distract
the spine. The extent of correction, pulmonary function,
and nutritional status were evaluated by multidisciplinary consultation to determine whether the patient could
tolerate surgery (Fig. 2).

afforded by traction was: (the pre-HGT Cobb angle minus
the post-HGT Cobb angle)/the pre-HGT Cobb angle.
Pulmonary function tests (PFTs)

PFTs were performed before and after traction. The predicted forced vital capacity (FVC%) and forced expiratory volume over 1 s (FEV1 %) were compared pre- and
post-traction, as were the relative improvements (posttraction FVC% or FEV% minus pre-traction FVC% or
FEV%). Before the correction operation, PFTs will be
carried out to determine whether it meets the operation
requirements.

Radiographic and clinical evaluation

The coronal and sagittal Cobb angles were analyzed preoperatively, after traction, and at 2 weeks after surgery. Preoperative bending radiography was used to assess spinal
curve flexibility. Radiographic evaluations were carried out
by a senior doctor (SWY). The percentage correction

Statistical analysis

Categorical variables were compared using the Pearson
chi-squared test and continuous variables via the independent samples t-test and variance analysis. The Wilcoxon signed-rank test was employed to compare

Fig. 2 Preoperative application of HPT in a 20-year-old man with a severe rigid spinal deformity. a The patient’s preoperative scoliosis angle(117°),
kyphosis angle(138°) and general appearance. b The patient’s scoliosis angle (51°), kyphosis angle (45°) and general appearance after 4 months of
traction. c He was treated with a long posterior reconstruction from T1 to L3 with one-level grade 4 osteotomies at T7/8
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osteotomy grades. All analyses were performed with the
aid of SPSS ver. 19.0 (SPSS Inc., Chicago, IL, USA). A Pvalue < 0.05 was considered to reflect significance.
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0.001). The radiographic findings are compared in
Table 2.
Pulmonary function

Results
We retrospectively compared two matched groups, thus
a preoperative HGT group (N = 51) and an HPT group
(N = 30). Demographic and clinicopathological data recorded at the initial visits are summarized in Table 1.
The groups did not differ in terms of age or sex (both
P > 0.05). HPT patients underwent less traction
(138.30 ± 28.83 days) than did HGT patients (236.18 ±
34.24 days) (P = 0.032). As shown in Table 1, the etiological diagnoses of the cases were idiopathic scoliosis
(IS, 25 cases), congenital scoliosis (CS, 4 cases), neuromuscular scoliosis (NM, 13 cases), neurofibromatosis
(NF, 8 cases), tuberculosis (TB, 1 case) in HGT group,
which there were 13 cases of IS, 11 cases of CS, 2 cases
of NF, and 4 cases of Marfan syndrome (MF) in HPT
group (Table 1).

The mean preoperative pulmonary function parameters
did not differ in terms of the FVC% (43.94 ± 2.59 vs.
46.44 ± 7.22, P > 0.05) or the FEV% (40.64 ± 2.38 vs.
49.08 ± 5.46 %, P > 0.05) between the HGT and HPT
groups. At the end of traction, the FVC% was corrected
to a mean of 50.70 ± 2.52 % in the HGT group and to
62.56 ± 6.69 % in the HPT group (P = 0.049). The mean
FVC% improvement and correction rate differed significantly between the HGT and HPT groups (6.76 ± 1.85
vs. 15.6 ± 3.47 %, P = 0.024; 20.52 ± 5.32 % vs. 52.18 ±
21.31 %, P = 0.042). Similarly, the mean post-traction
FEV% differed significantly between the two groups
(46.17 ± 2.43 vs. 59.73 ± 5.25 %, P = 0.011). The HPT
group appeared to exhibit more FEV% improvement and
correction rate compared to the HGT group, but the difference was not significant (P > 0.05). The pulmonary
function data are compared in Table 3.

Radiographic evaluation

Neurological complications

The mean, preoperative Cobb angle did not differ between the two groups, being 140.67 ± 2.63° in the HGT
group and 132.32 ± 4.96° in the HPT group. At the end
of traction, immediately preceding fusion, the coronal
Cobb angle was corrected to a mean of 120.17 ± 2.93° in
the HGT group and 87.59 ± 3.01° in the HPT group
(correction mean 15.33 ± 1.53 vs. 34.86 ± 3.11 %, P <
0.001). After surgery, the mean major coronal curve decreased to 63.86 ± 2.16° in the HGT group and 44.43 ±
3.43° in the HPT group (P < 0.001); the mean percentage
corrections were 54.10 ± 1.61 and 67.01 ± 3.04 % (P =
0.001). The preoperative sagittal Cobb angle did not differ between the HGT and HPT groups (134.28 ± 3.77 vs.
129.60 ± 8.45°, P = 0.569). After traction, the mean major
sagittal curve decreased to 113.03 ± 4.57° in the HGT
group and to 65.61 ± 7.86° in the HPT group (P < 0.001);
the mean percentage corrections were 16.50 ± 2.13 and
44.09 ± 9.78 % (P < 0.001). After surgery, the coronal
Cobb angle was corrected to a mean of 59.14 ± 2.57° in
the HGT group and 31.30 ± 3.16° in the HPT group
(correction means 55.54 ± 1.76 vs. 71.83 ± 3.84 %) (P =

As showed in Table 4, the HGT group tended to
undergo high-grade osteotomies: osteotomy of grade 5
or above accounted for 70.6 % of all cases in the HGT
group, while it only accounted for 40 % of those in the
HPT group. The neurological complication rates did not
differ between the two groups (P > 0.05).

Patient demographics and clinicopathological data

Discussion
In general, patients with severe spinal deformities may
suffer from related or independent conditions including
restrictive pulmonary diseases, cardiovascular disease,
and/or malnutrition. Patients who have not received
scoliosis treatment have higher mortality compared with
normal persons and the leading causes of death were respiratory failure and cardiovascular disease [18]. The
detrimental effect of spinal deformity on pulmonary
function is attributable to restriction of lung volume resulted from thoracic dysplasia. Patients with severe
spinal deformities exhibited much smaller inspiratory
and expiratory thoracic volumes than did controls [3].
Also, a positive correlation was evident between the

Table 1 The demographic in the HGT group and the HPT group
Age

HGT(n = 51)

HPT(n = 30)

p

19.06 ± 0.85

20.0 ± 1.05

0.494

Male/Female

18/33

10/20

0.858

Traction Time

236.18 ± 34.24

138.30 ± 28.83

0.032

Diagnosis

IS (25), CS (4), NM(13), NF (8), TB (1)

IS (13), CS (11), NF (2), MF (4)

-

Abbreviations: HGT halo-gravity traction, HPT halo-pelvic traction, IS idiopathic scoliosis, CS congenital scoliosis, NM neuromuscular scoliosis, NF neurofibromatosis,
TB tuberculosis, MF Marfan syndrome.
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Table 2 Radiographic parameters description of the severe
scoliotic patients

Table 4 Neurological complication in the HGT group and the
HPT group

HGT(n = 51)

HPT(n = 30

p
0.012

Osteotomy grade

Pre-traction

140.67 ± 2.63

132.32 ± 4.96

0.106

Post-traction

120.17 ± 2.93

87.59 ± 3.01

Postsurgery

63.86 ± 2.16

44.43 ± 3.43

Coronal Cobb angle(°)

HGT(n = 51)

HPT(n = 30)

p

6

12

4

0.035

<0.001

5

24

8

<0.001

4

8

13

Traction correction

15.33 ± 1.53

34.86 ± 3.11

<0.001

3

3

3

Postsurgery correction

54.10 ± 1.61

67.01 ± 3.04

0.001

2

4

2

Neurological complication

12/51

5/30

Pre-traction

134.28 ± 3.77

129.60 ± 8.45

0.569

Post-traction

113.03 ± 4.57

65.61 ± 7.86

<0.001

Postsurgery

59.14 ± 2.57

31.30 ± 3.16

<0.001

Sagittal Cobb angle(°)

Traction correction

16.50 ± 2.13

44.09 ± 9.78

<0.001

Postsurgery correction

55.54 ± 1.76

71.83 ± 3.84

<0.001

Abbreviations: HGT halo-gravity traction, HPT halo-pelvic traction

extent of respiratory disturbance and the severity of
scoliosis, particularly thoracic and thoracolumbar scoliosis [4, 5]. Kim found that the Cobb angle was negatively
correlated with the FVC% [19]. Aggravation of scoliosis
would intensify respiratory impairment, leading to pulmonary hypertension and pulmonary heart disease in
case of small airways distortion [20]. Technical advances
in vertebral osteotomies and pedicle screw fixation systems have greatly aided the correction of severe kyphoscoliosis, in turn improving long-term pulmonary
function [21, 22]. However, posterior orthopedic techniques often need to be combined with thoracoplasty to
correct the “razorback” deformity, which destroys thoracic integrity and stability, and affects respiratory function for in a period of time after surgery [23, 24]. Thus,
satisfactory preoperative pulmonary function is particularly important in such patients.
Table 3 Pulmonary Function Testing Results for Patients Before
and After traction
HGT(n = 51)

HPT(n = 30)

p

Pre-traction

43.94 ± 2.59

46.44 ± 7.22

0.684

Post-traction

50.70 ± 2.52

62.56 ± 6.69

0.049

FVC%

Improvement

6.76 ± 1.85

15.6 ± 3.47

0.024

Correction rate

20.52 ± 5.32

52.18 ± 21.31

0.042

Pre-traction

40.64 ± 2.38

49.08 ± 5.46

0.105

Post-traction

46.17 ± 2.43

59.73 ± 5.25

0.011

Improvement

5.15 ± 2.27

11.76 ± 2.22

0.091

Correction rate

12.16 ± 6.29

25.37 ± 6.00

0.222

FEV%

Abbreviations: HGT halo-gravity traction, HPT halo-pelvic traction, FVC%
predicted forced vital capacity, FEV% predicted forced expiratory volume
over 1 s

0.464

Abbreviations: HGT halo-gravity traction, HPT halo-pelvic traction

Patients with severe, restrictive pulmonary dysfunction
exhibit a higher incidence of postoperative pulmonary
complications, associated with extubation difficulties and
a need for long-term postoperative care [25]. Surgeons
and anesthetists find it challenging to operate on patients
with extremely severe scoliosis and pulmonary dysfunction. A prime objective when treating a severe spinal deformity is the attainment of a correction that is safe and
reproducible. Preoperative traction is a safe means of progressive deformity correction [11–13]. Preoperative traction can reduce the main curvature, leading to the
reduction of the operation difficulty and the occurrence of
neurological complications [14]. During traction, pulmonary function improves because the scoliosis weakens and
respiratory exercise is scheduled, reducing the rate of
postoperative pulmonary complications [26].
HGT improves coronal or sagittal deformities via application of relatively low traction forces with no need
for bedrest, and is particularly well tolerated by pediatric
patients. HGT has been extensively studied in the context of severe spinal deformities. In a case study that included 18 adults with severe kyphoscoliosis, Lenke et al.
reported that the major coronal and sagittal Cobb angle
were decreased by 18.4 % (14.7°) and 16.8 % (18.8°) after
HGT, and 54.7 % (50.4°) and 44.2 % (49.4°) after final
surgery [27]. Qiu et al. reported that the Cobb angle averaged 131.21° and was reduced to 107.68° after HGT
for 21 adults with severe scoliosis; the correction rate
was 17.93 % [28]. However, the traction effect of HGT
can reach a plateau in a short time (within 2 weeks) due
to its poor strength (up to one-half body weight) and
low efficiency, which is not suitable for the severe rigid
deformity [29]. HPT was proven to be an ideal therapy
for severe and rigid spinal deformity represented by
healed tuberculous kyphosis [30]. In the present study,
the coronal Cobb angle was corrected from 140.67 ±
2.63 to a mean of 120.17 ± 2.93° in the HGT group, and
from 132.32 ± 4.96 to 87.59 ± 3.01° in the HPT group
(correction means 15.33 ± 1.53 vs. 34.86 ± 3.11 %) (P =
0.001). The mean major sagittal curve decreased from
134.28 ± 3.77 to 113.03 ± 4.57° in the HGT group, and
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from 129.60 ± 8.45 to 65.61 ± 7.86° in the HPT group
(p < 0.001); the mean percentage corrections were
16.50 ± 2.13 and 44.09 ± 9.78 % (P < 0.001). The coronal
Cobb angle was significantly better-corrected in the
HPT than the HGT group; patients with severe rigid
kyphoscoliosis benefited more from HPT than HGT.
High-level osteotomies are often required when treating severe rigid spinal deformities. HGT helps to lower
the grade of osteotomy and reduces the risk of neurological complications after definitive corrective surgery.
Sponseller et al. found that patients with HGT were less
likely to require vertebral column resection during correction of severe spinal deformities [15]. However, the
traction efficiency of HGT in the context of extremely
rigid scoliosis remains limited [17]. To the best of our
knowledge, the osteotomy grades required after HPT of
severely kyphoscoliostic patients have not been previously evaluated. In the present study, the HGT group
tended to require more high-grade osteotomies than did
the HPT group; osteotomies of grade ≥ 5 accounted for
70.6 % of all osteotomies in the HGT group, but only
40 % of those in the HPT group. These outcomes may
reflect the better improvement in the kyphoscoliosis
angle of the HPT group than that of the HGT group. A
lower osteotomy grade simplifies the operation; and reduces the operation time, intraoperative bleeding, the
risk of postoperative complications, the hospital stay,
and the need for perioperative rehabilitation.
Deterioration in pulmonary function prior to surgery
increases the incidence of postoperative pulmonary complications [31]. As mentioned above, severe scoliotic and
kyphotic deformities negatively impact the thoracic cage,
disturbing skeletal, muscular, and diaphragmatic function; and reducing respiratory system compliance [32].
Poor respiratory function, not the size of the curve, is
the principal cause of physical problems and mortality
[33]. When treating a severe thoracic deformity in a patient with a limited thoracic lung volume, it is essential
to increase the chest volume, thus improving pulmonary
function [33, 34]. However, many studies on the natural
courses of pulmonary impairment and severe scoliosis
have reported no spontaneous resolution of lung impairment, rather slight drops in the PFT results over time
[35], particularly in patients with Cobb angles > 100°
and/or FVC% values < 45 % [33, 36]. Preoperative traction combined with respiratory exercise relieves the
main curvature and improves pulmonary function by increasing the chest volume. A few studies have explored
the pulmonary benefits afforded by traction, often in
pediatric patients. Koller et al. reported an average improvement of 9 % among patients with preoperative
FVC% values < 40 % [17]. Bogunovic et al. reported 9 %
improvements in both the FEV1 % and FVC% in patients
with severe, pediatric spinal deformities, thus more than
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we observed (5.15 and 6.76 %) [37]. Lenke et al. reported
remarkable increases in the FEV1 % and FVC% (6.6 and
9.5 %) of patients with severe rigid kyphoscoliosis, similar to our results [27]. However, HGT is not strong, is
inefficient, and cannot be used to treat severe rigid deformities. One prior study on the pulmonary function of
patients with severe spinal deformities who underwent
HGT reported no improvement in the PFT results [38].
We treat patients with extremely severe scoliosis
(Cobb angle > 100°) using a staged strategy, thus initial
preoperative HGT is followed by posterior pedicle
screw-rod system internal fixation. In the process of
traction, pulmonary function improves due to amelioration of the deformity and appropriate respiratory exercise. Most patients are satisfied with the therapeutic
effects but some PFT results do not improve to an extent that allows patients to tolerate surgical correction.
The traction effect of HGT can reach a plateau in a
short time (within 2 weeks) due to its poor strength (up
to one-half body weight) and low efficiency. Therefore,
HPT has become the most commonly used traction
technology for severe rigid scoliosis at present due to its
powerful distraction forces. We found significantly more
FVC% improvement in the HPT group than in the HGT
group (6.76 ± 1.85 vs. 15.6 ± 3.47, P = 0.024). Although
the HPT group exhibited somewhat more FEV% improvement than the HGT group, the difference was not
significant (5.15 ± 2.27 vs. 11.76 ± 2.22 %, P = 0.91). Thus,
HPT improved pulmonary function; this is a critical
component of pre-surgery optimization.
However, some problems remain, principally complications associated with iliac puncture; this is associated
with risks of damage to the main nerves or large blood
vessels, causing paralysis or death [39, 40]. Stiffness and
early cervical spine degeneration were evident in almost
all patients of HPT [41]. In this study, neurological
symptoms (cranial nerve symptoms, brachial plexus
palsy, paresthesia and hypodynamia) were observed in 2
of the 30 patients of HPT, and cervical stiffness and
early degeneration were observed in almost all patients
of HPT in our study. Most of the patients had the pin
tract infections, including exudation and even purulence,
which need regular wound care. Also, HPT requires
long-term hospitalization, reducing hospital income.
Thus, HPT may not in practice be preferred to conventional preoperative traction.
There are some limitations in this study. First, this
work limited by its retrospective nature and its small
sample size, which requires further large sample and
multicenter studies. Second, this study paid less attention to the power analysis, so the further long-term
follow-up studies is necessary. Third, this study did not
fully discuss the traction related complications, comorbidities and the corresponding management measures..
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Conclusions
In summary, we compared the efficacies of preoperative
HGT and HPT in 81 patients with severe kyphoscoliosis
and pulmonary insufficiency. Compared to the HGT
group, patients who underwent preoperative HPT exhibited more satisfactory radiographic correction of their
deformities, better pulmonary function, and a need for
fewer osteotomies. HPT may be an useful preoperative
technique for patients with extremely severe scoliosis
and severe pulmonary dysfunction .

Page 7 of 8

4.

5.

6.
7.

8.
Abbreviations
HGT: Halo-gravity traction; HFT: Halo-femoral traction; HPT: Halo-pelvic
traction; FVC%: Predicted forced vital capacity; FEV1%: Forced expiratory
volume over 1s

9.

Acknowledgements
Not applicable.

10.

Authors’ contributions
JY1 designed and approved the study. JC and SW collected all data and
prepared the draft. JY2 and JX participated in the statistical analysis. YD and
ZH revised the manuscript. All authors have read and approved the final
manuscript.

11.

Funding
This work was supported by grants from the National Key Research and
Development Program (2018YFC0116500), Key Project of Transformational
Medicine Cross-Research Fund of Shanghai Jiaotong University
(ZH2018ZDB04). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
This research was approved by the Ethics Board of Xinhua Hospital Affiliated
to Shanghai Jiaotong University School of Medicine in China, and written
informed consent was obtained from all parents.
Consent for publication
Not applicable.

12.

13.

14.

15.
16.

17.

18.

19.

Competing interests
The authors declare that they have no competing interests.

20.

Author details
1
Spine Surgery Center, Xinhua Hospital, Shanghai Jiaotong University School
of Medicine, 1665 Kongjiang Road, Shanghai, China. 2Department of
Orthopaedic Surgery, the 1st Affiliated Hospital of Sun Yat-sen University,
Guangzhou, Guangdong, China.

21.

Received: 24 October 2020 Accepted: 4 January 2021

23.

References
1. Watanabe K, Lenke LG, Bridwell KH, et al. Efficacy of perioperative halogravity traction for treatment of severe scoliosis (>/=100 degrees). J Orthop
Sci. 2010;15:720–30.
2. Diebo BG, Jalai CM, Challier V, et al. Novel Index to Quantify the Risk of
Surgery in the Setting of Adult Spinal Deformity: A Study on 10,912 Patients
From the Nationwide Inpatient Sample. Clin Spine Surg. 2017;30:E993-E9.
3. Chu WC, Li AM, Ng BK, et al. Dynamic magnetic resonance imaging in
assessing lung volumes, chest wall, and diaphragm motions in adolescent
idiopathic scoliosis versus normal controls. Spine (Phila Pa 1976). 2006;31:
2243–9.

24.

22.

25.

26.

27.

Bjure J, Grimby G, Kasalicky J, et al. Respiratory impairment and airway
closure in patients with untreated idiopathic scoliosis. Thorax. 1970;25:451–
6.
Newton PO, Faro FD, Gollogly S, et al. Results of preoperative pulmonary
function testing of adolescents with idiopathic scoliosis. A study of six
hundred and thirty-one patients. J Bone Joint Surg Am. 2005;87:1937–46.
Ran H, Zhi-hong W, Jiang-na H. Scoliosis on pulmonary function. Zhongguo
Yi Xue Ke Xue Yuan Xue Bao. 2011;33:102–6.
Lange T, Schulte TL, Gosheger G, Schulze Boevingloh A, Mayr R, Schmoelz
W. Effects of multilevel posterior ligament dissection after spinal
instrumentation on adjacent segment biomechanics as a potential risk
factor for proximal junctional kyphosis: a biomechanical study. BMC
Musculoskelet Disord. 2018;19:57.
Kearon C, Viviani GR, Kirkley A, et al. Factors determining pulmonary
function in adolescent idiopathic thoracic scoliosis. Am Rev Respir Dis. 1993;
148: 288 – 94. d.
Delorme S, Violas P, Dansereau J, et al. Preoperative and early postoperative
three-dimensional changes of the rib cage after posterior instrumentation
in adolescent idiopathic scoliosis. Eur Spine J. 2001;10:101–7.
Zhang BB, Zhang T, Tao HR, et al. Neurological complications of thoracic
posterior vertebral column resection for severe congenital spinal
deformities. Eur Spine J. 2017;26:1871–7.
Tredwell SJ, O’Brien JP. Apophyseal joint degeneration in the cervical spine
following halo-pelvic distraction. Spine (Phila Pa 1976). 1980;5:497–501.
Takeshita K, Lenke LG, Bridwell KH, et al. Analysis of patients with
nonambulatory neuromuscular scoliosis surgically treated to the pelvis
with intraoperative halo-femoral traction. Spine (Phila Pa 1976). 2006;31:
2381–5.
Nemani VM, Kim HJ, Bjerke-Kroll BT, et al. Preoperative halo-gravity traction
for severe spinal deformities at an SRS-GOP site in West Africa: protocols,
complications, and results. Spine (Phila Pa 1976). 2015;40:153–61.
Yang C, Wang H, Zheng Z, et al. Halo-gravity traction in the treatment of
severe spinal deformity: a systematic review and meta-analysis. Eur Spine J.
2017;26:1810–6.
Sponseller PD, Takenaga RK, Newton P, et al. The use of traction in the
treatment of severe spinal deformity. Spine (Phila Pa 1976). 2008;33:2305–9.
Hempfing A, Ferraris L, Koller H, et al. Is anterior release effective to increase
flexibility in idiopathic thoracic scoliosis? Assessment by traction films. Eur
Spine J. 2007;16:515–20.
Koller H, Zenner J, Gajic V, et al. The impact of halo-gravity traction on
curve rigidity and pulmonary function in the treatment of severe and rigid
scoliosis and kyphoscoliosis: a clinical study and narrative review of the
literature. Eur Spine J. 2012;21:514–29.
De la Garza Ramos R, Passias PG, Schwab F, et al. Incidence, Risk Factors,
and Mortality of Reintubation in Adult Spinal Deformity Surgery. Clin Spine
Surg. 2017;30:E896–900.
Huh S, Eun LY, Kim NK, et al. Cardiopulmonary function and scoliosis
severity in idiopathic scoliosis children. Korean J Pediatr. 2015;58:218–23.
Li XY, Li Z, Feng F, et al. Correlation between severity of adolescent
idiopathic scoliosis and pulmonary artery systolic pressure: a study of 338
patients. Eur Spine J. 2016;25:3180–5.
Mariconda M, Galasso O, Barca P, et al. Minimum 20-year follow-up
results of Harrington rod fusion for idiopathic scoliosis. Eur Spine J.
2005;14:854–61.
Rizzi PE, Winter RB, Lonstein JE, et al. Adult spinal deformity and respiratory
failure. Surgical results in 35 patients. Spine (Phila Pa 1976). 1997;22:2517–30.
discussion 31.
Gitelman Y, Lenke LG, Bridwell KH, et al. Pulmonary function in adolescent
idiopathic scoliosis relative to the surgical procedure: a 10-year follow-up
analysis. Spine (Phila Pa 1976). 2011;36:1665–72.
Pehrsson K, Danielsson A, Nachemson A. Pulmonary function in adolescent
idiopathic scoliosis: a 25 year follow up after surgery or start of brace
treatment. Thorax. 2001;56:388–93.
Lao L, Weng X, Qiu G, et al. The role of preoperative pulmonary function
tests in the surgical treatment of extremely severe scoliosis. J Orthop Surg
Res. 2013;8:32.
Moramarco M, Fadzan M, Moramarco K, et al. The Influence of Short-Term
Scoliosis-Specific Exercise Rehabilitation on Pulmonary Function in Patients
with AIS. Curr Pediatr Rev. 2016;12:17–23.
Shimizu T, Lenke LG, Cerpa M, et al. Preoperative halo-gravity traction for
treatment of severe adult kyphosis and scoliosis. Spine Deform. 2020;8:85–95.

Chen et al. BMC Musculoskeletal Disorders

(2021) 22:106

28. Bao H, Yan P, Bao M, et al. Halo-gravity traction combined with assisted
ventilation: an effective pre-operative management for severe adult scoliosis
complicated with respiratory dysfunction. Eur Spine J. 2016;25:2416–22.
29. Park DK, Braaksma B, Hammerberg KW, et al. The efficacy of preoperative
halo-gravity traction in pediatric spinal deformity the effect of traction
duration. J Spinal Disord Tech. 2013;26:146–54.
30. Muheremu A, Ma Y, Ma Y, et al. Halo-pelvic traction for severe kyphotic
deformity secondary to spinal tuberculosis. Med (Baltim). 2017;96:e7491.
31. Zhang JG, Wang W, Qiu GX, et al. The role of preoperative pulmonary
function tests in the surgical treatment of scoliosis. Spine (Phila Pa 1976).
2005;30:218–21.
32. Gonzalez C, Ferris G, Diaz J, et al. Kyphoscoliotic ventilatory insufficiency:
effects of long-term intermittent positive-pressure ventilation. Chest. 2003;
124:857–62.
33. Vitale MG, Matsumoto H, Bye MR, et al. A retrospective cohort study of
pulmonary function, radiographic measures, and quality of life in children
with congenital scoliosis: an evaluation of patient outcomes after early
spinal fusion. Spine (Phila Pa 1976). 2008;33:1242–9.
34. Karol LA, Johnston C, Mladenov K, et al. Pulmonary function following early
thoracic fusion in non-neuromuscular scoliosis. J Bone Joint Surg Am. 2008;
90:1272–81.
35. Burrows B, Cline MG, Knudson RJ, et al. A descriptive analysis of the growth
and decline of the FVC and FEV1. Chest. 1983;83:717–24.
36. Pehrsson K, Larsson S, Oden A, et al. Long-term follow-up of patients with
untreated scoliosis. A study of mortality, causes of death, and symptoms.
Spine (Phila Pa 1976). 1992;17:1091–6.
37. Bogunovic L, Lenke LG, Bridwell KH, et al. Preoperative Halo-Gravity Traction
for Severe Pediatric Spinal Deformity: Complications, Radiographic
Correction and Changes in Pulmonary Function. Spine Deform. 2013;1:33–9.
38. Garabekyan T, Hosseinzadeh P, Iwinski HJ, et al. The results of preoperative
halo-gravity traction in children with severe spinal deformity. J Pediatr
Orthop B. 2014;23:1–5.
39. Leslie IJ, Dorgan JC, Bentley G, et al. A prospective study of deep vein
thrombosis of the leg in children on halo-femoral traction. J Bone Joint
Surg Br. 1981; 63-B: 168 – 70.
40. Hsu LC. Halo-pelvic traction: a means of correcting severe spinal
deformities. Hong Kong Med J. 2014;20:358–9.
41. Dove J, Hsu LC, Yau AC. The cervical spine after halo-pelvic traction. An
analysis of the complications of 83 patients. J Bone Joint Surg Br. 1980; 62B: 158 – 61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

