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Abstract

Objective: To explore the clinical effect of one-staged modified Halo-pelvic traction combined with
two-stage surgery for severe spinal deformity accompanied by respiratory disorder.

Methods: From January 2019 to January 2022, a total of 120 patients with severe spinal deformity
accompanied by respiratory disorder were enrolled at Beijing Da Wang Lu Emergency Hospital. All pa-
tients underwent modified Halo-pelvic traction followed by surgical correction. The changes of imaging
and respiratory function indicators were compared at pre-traction, post-traction, post-operative and
the last follow-up.

Results: At pre-traction, the levels of main curve Cobb angle, C7 plumb Line-Center Sacral Vertical
Line (C7PL-CSVL), Apical Vertebral Translation (AVT), T1 tilt angle, radiographic shoulder height, Sagit-
tal Vertical Axis (SVA), Thoracic Kyphosis (TK) were (119.17+15.39)°, (33.33+7.2) mm, (103.55+16.56)
mm, (20.13+5.94)°, (26.78+6.32) mm, (38.29+5.54) mm, (87.66£11.63)°, higher than at post-traction
[(74.62+15.15)°,(13.23+£4.27) mm, (57.70£17.56) mm, (9.29+1.73)°,(10.18+2.00) mm, (14.41%3.24) mm,
(52.96+12.11)°], post-operative [(60.78+14.40)°, (12.42+3.58) mm, (44.31+13.77) mm, (8.89+2.66)°,
(9.3842.39) mm, (17.11%3.24) mm, (51.28+11.20)°] and last follow-up [(64.21+14.86)°, (12.69+3.26)
mm, (45.17+11.65) mm, (6.51£1.77)°, (9.53+£2.36) mm, (17.50£3.07) mm, (51.82+12.20)°], the differ-
ence was statistically significant (P<0.01). At pre-traction, the levels of FVC, FVC%, FEV1, FEV1% were
(1.13+0.19)L, (31.61+4.64)%, (1.0810.22)L, (29.68+11.56)%, lower than at post-traction [(1.36+0.28)L,
(36.1944.95)%, (1.17+0.19)L, (33.4515.97)%]; post-operative [(1.49+0.28)L, (38.08+7.46)%, (1.26+0.22)
L, (35.91+£7.81)%] and the last follow-up [(1.53+0.26)L, (38.61+6.91)%, (1.28+0.24)L, (36.88+17.85)%],
the difference was statistically significant (P<0.01).

Conclusion: Modified Halo-pelvic traction can effectively correct spinal deformity of patients with
severe spinal deformity accompanied by respiratory disorder, improving the respiratory function, it is a
safe and effective adjuvant treatment measure.
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Introduction

Spinal deformities refer to deformities where the curvature
of the spine is convex in the coronal plane, convex in the pos-
terior plane, and convex in the sagittal plane. When the Cobb
angle of the deformity is greater than 90°, it is called a severe
deformity [1]. Severe spinal deformities are often accompanied
by reduced thoracic volume, pulmonary parenchymal compres-
sion, restricted diaphragm activity, airway changes, obstructed
lung ventilation, and decreased lung capacity, which in turn af-
fect the patient’s respiratory function [2]. A survey shows that
the incidence of respiratory dysfunction in patients with severe
spinal deformities is as high as 80%, which is the main cause of
adverse events such as circulatory disorders, pulmonary hyper-
tension, pulmonary heart disease, and even death [3]. There
is still controversy in clinical practice regarding the treatment
measures for patients with severe spinal deformities and respi-
ratory dysfunction. In order to reduce the risk of surgical com-
plications, most scholars advocate avoiding primary surgery
and using adjuvant treatments such as traction to reduce spinal
stiffness [4]. Currently, traction methods such as Halo Femoral
Traction (HFT) and Halo Gravity Traction (HGT) are commonly
used in clinical practice. HFT can provide strong traction and
quickly improve spinal deformities in a short period of time, but
this method greatly restricts patient activity, is not conducive
to exercising cardiovascular function, and is prone to compli-
cations such as pressure injury and pneumoconiosis. It is only
used for short-term preoperative traction [5]. HGT is a safe and
effective traction method, but it provides less corrective force
and has drawbacks such as low treatment efficiency and long
treatment cycle [6]. Halo Pelvic Traction (HPT) has been used for
the treatment of scoliosis patients since the 1970s. This meth-
od can provide strong traction around the clock and effectively
correct various spinal deformities [7]. However, traditional HPT
requires a full body traction frame, which affects patient com-
fort and sleep quality, limiting its clinical application [8]. In view
of this, this study improved the HPT method and applied it to
patients with severe spinal deformities and respiratory dysfunc-
tion to observe its safety and effectiveness, aiming to provide
reference for the treatment of severe spinal deformities. The
following report is presented.

Materials and methods
General information

Using a pre- and post experimental control design method,
120 patients with severe spinal deformities and respiratory
dysfunction admitted to Beijing Dawang Road Emergency Res-
cue Hospital from January 2019 to January 2022 were selected
as the study subjects. Inclusion criteria: @No gender or age
limit; @Spinal X-ray shows a Cobb angle greater than 90° for
main curvature and a Cobb angle greater than 125° for lateral
curvature; @Accompanied by respiratory dysfunction (partial
pressure of carbon dioxide PaC0,>50 mmHg, forced lung capac-
ity FVC% < 60%); @Choose the first stage of HPT treatment
and the second stage of simple posterior column osteotomy
correction+pedicle screw internal fixation surgery; @The pa-
tient voluntarily accepts this treatment plan and signs an in-
formed consent form.

Exclusion criteria: @Previous spinal surgery, including in-
ternal growth rod insertion, anterior release, revision surgery,

etc.; @There are contraindications for traction, such as spinal
fractures, dislocations, etc.; @Concomitant ankylosing spon-
dylitis, spinal tumors, spinal tuberculosis, and other spinal dis-
eases; @There is skin damage at the puncture point, making
it impossible to install the pelvic ring; @Concomitant mental
illness, unable to cooperate with HPT treatment.

Exit criteria: @Those who voluntarily give up during HPT
treatment; @Severe complications such as pneumothorax,
severe atelectasis, cranial nerve injury, and lower limb paraly-
sis may occur during the treatment process. This study was
approved by the Medical Ethics Committee of Beijing Dawang
Road Emergency Rescue Hospital.

Improvement of HPT device characteristics

The application of traditional HPT in severe spinal deformi-
ties is relatively limited, mainly due to the following reasons:
@The traction frame is distributed around the trunk and fixed
in position, which affects the patient’s supine sleep posture
and leads to poor patient tolerance [9]. @The pelvic ring is a
closed loop, which is inconvenient to wear due to significant dif-
ferences in patient body size [10]. This study improves the tra-
ditional HPT traction device by using a pelvic ring as a half ring,
which can be worn from the side, reducing the inconvenience
caused by the closed-loop structure being worn from the foot;
And place the traction rod on the front outer side of the patient,
allowing them to sleep, dress, and move on their own while still
achieving 24-hour uninterrupted traction.

Improve the installation and traction strategy of the HPT
device

The HPT device consists of a head ring, pelvic ring, and a
telescopic link. The number of screws inserted into the pelvis
depends on the patient’s bone condition and anatomical varia-
tion. All patients completed the installation of HPT devices un-
der local anesthesia in a sterile operating room. The patient is
placed in a supine position, and the standing position is con-
firmed to mark the insertion point. The skin near the insertion
point is disinfected and covered with a cloth. Three 4.5 mm
or 5.5 mm diameter iliac screws are prepared to be inserted
into the top platform area between the bilateral anterior su-
perior iliac spine and the posterior superior iliac spine. The
depth is approximately 7 cm according to the patient’s iliac
bone condition. Then place the head ring traction device and
try to maintain a consistent distance between the surrounding
gaps, with the traction rod placed on the front outer side of
the patient. The traction frame was constructed within 3-5 days
to facilitate the patient’s full adaptation to the head ring and
pelvic screws. After the framework construction is completed,
traction treatment begins. In the first week, the spiral traction
frame is extended at a speed of 0.5 cm/d. Starting from the sec-
ond week, adjust to 0.3-0.5 cm/d and intermittently adjust the
traction frame to avoid pain intolerance and nerve complica-
tions caused by repeated traction. Check the patient’s cranial
and limb nerves daily. Once neurological complications occur,
such as numbness, weakness, tongue deviation, and difficulty
swallowing, the traction should be stopped immediately, and
the traction rod should be appropriately shortened. If neces-
sary, the length before traction should be shortened, and symp-
tomatic treatment should be combined. After the symptoms
disappear, traction should be given. Perform daily nail care to
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keep the skin near the nail path clean and dry, and avoid long-
term retention that may cause local infections. Regularly check
if the screws are loose or displaced. If the patient experiences
pain around the nail path, it often indicates that the screws are
loose and should be tightened in a timely manner. Review X-ray
films every 3 weeks during the traction period.

Surgical plan

After the first stage of traction treatment, a posterior spi-
nal scoliosis correction surgery was performed under selective
general anesthesia, and HPT traction was maintained during
the operation. The patient is placed in a prone position, and
the screw at the head of the traction rod is loosened 3-5 cm
upwards to fully expand and further correct spinal deformities
during surgery. Post operative support protection for 3 months,
release the support immobilization according to the bone fu-
sion situation, and adhere to rehabilitation exercise. Follow up
with full length spinal X-ray at 3 months, 6 months, 12 months,
and every 6 months thereafter.

Observation indicators

Imaging indicators: The imaging examinations were per-
formed on a standing position X-ray of the entire length of the
spine, with a follow-up every 3 weeks during traction. Collect
data on the coronal and sagittal planes of the entire spine in
the standard standing position before HPT traction, during the
last traction follow-up, after internal fixation surgery (the first
month after internal fixation surgery), and during the last fol-
low-up.

The specific indicators include: @Cobb angle of the main
curvature: the angle between the maximum angles of the two
vertebral bodies that tilt the main curvature of the spine. (2)C7
Plumb Line Center Sacral Vertical Line (C7PL-CSVL): The dis-
tance between the lead line at the midpoint of the C7 vertebral
body. @The midline of the sacrum Apical Vertebral Transla-
tion (AVT): The horizontal distance from the center of the main
curvature of the vertebral body to the midline of the sacrum.
@Tl inclination angle: the angle between the upper endplate
of the thoracic vertebral body and the horizontal line. (5)Imag-
ing shoulder height: The height difference of soft tissue above
the acromioclavicular joint. @Sagittal Vertical Axis (SVA): The
distance between the C7 vertical line and the upper angle of
the S1 vertebral body. @Thoracic Kyphosis (TK): The angle be-
tween the upper endplate of the thoracic vertebrae and the
lower endplate of the thoracic vertebrae.

Pulmonary Function Test (PFT) PFT was performed before
HPT traction, at the last traction, before internal fixation sur-
gery, and at the last follow-up. The observation indicators in-
cluded Forced Vital Capacity (FVC), the percentage of FVC mea-

sured and estimated values (FVC%), Forced Expiratory Volume
at 1 second (FEV1), and the percentage of FEV1 measured and
Estimated Values (FEV1%). To ensure the accuracy and reliabili-
ty of the data, PFT was tested three times and the average value
was taken.

Statistical methods

Perform data analysis using SPSS 25.0 software. Quantitative
data that conform to normal distribution are described as (xts),
and one-way repeated measures analysis of variance is used to
compare the differences in imaging indicators and lung func-
tion indicators before and after traction. Subsequently, pairwise
comparisons are conducted using Bonferroni’s test. Count data
is expressed in frequency and percentage. In repeated mea-
sures ANOVA, P<0.05 indicates a statistically significant differ-
ence; In the Bonferroni test for multiple comparisons, P<0.0125
indicates a statistically significant difference.

Results

General information of patients: Among 120 patients who
underwent HPT in the first phase, there were 40 males (33.3%)
and 80 females (66.7%); 55 cases (45.8%) were mainly charac-
terized by kyphosis, while 65 cases (54.2%) were mainly charac-
terized by kyphosis; Age 12-55 (32.34+13.07) years old, traction
time 5-15 (9.68+3.29)weeks, follow-up time 7-30 (19.00+6.73)
months.

All patients successfully completed the second stage sim-
ple posterior column osteotomy correction combined with
pedicle screw internal fixation, including 63 cases of thoraco-
plasty (52.5%) and 57 cases of combined satellite rod technol-
ogy (47.5%); The surgical time was 123-400 (288.18+66.46)
minutes, and the intraoperative bleeding volume was 300-
790 (547.59+146.43) ml. There were 7-17 (12.11%3.12)
fused segments, and the height before traction was 114-158
(135.28+12.97) cm. After traction, the height was 130-165
(147.78+10.94) cm.

Comparison of imaging indicators before and after traction.
Univariate repeated measures analysis of variance showed
that there were statistically significant differences (P<0.01) in
the Cobb angle, C7PL-CSVL, AVT, T1 tilt angle, shoulder height
on imaging, SVA, TK and other indicators of the main curva-
ture before traction, the last follow-up of traction, internal
fixation surgery, and the last follow-up of HPT treatment. The
Bonferroni pairwise comparison results showed that the imag-
ing indicators of the patients before traction were significantly
higher than those of the last traction follow-up, internal fixa-
tion surgery, and last follow-up (P<0.01). As shown in the Table
1 below. Comparison of respiratory function indicators before
and after traction. Univariate repeated measures analysis of

Table 1: Comparison of imaging indicators before and after traction in 120 patients (X+s).

Index Before traction Final traction review | After internal fixation surgery = Last follow-up F-value P-value
Cobb angle of the main curvature 119.17+15.39 74.62+15.15% 60.78+14.40° 64.21+14.86° 410.591 <0.001
C7PL-CSVL(mm) 33.33+7.21 13.23+4.27° 12.42+3.58° 12.69+3.26* 547.127 <0.001
AVT(mm) 103.55+16.56 57.70+17.56* 44.31+13.77° 45.17+11.65% 417.904 <0.001
T1 inclination angle(°) 20.13+5.94 9.29+1.73° 8.89+2.66° 6.51+1.77° 397.152 <0.001
Imaging shoulder height(mm) 26.7846.32 10.18+2.00° 9.38+2.39° 9.53+2.36° 656.088 <0.001
SVA(mm) 38.29+5.54 14.41+3.24° 17.11+3.24° 17.5043.072 968.566 <0.001
TK(°) 87.66+11.63 52.96+12.11* 51.28+11.20* 51.82+12.20° 284.314 <0.001
Compared to before towing, 2P<0.01°
www.jclinmedsurgery.com 3



Table 2: Comparison of respiratory function indicators before and after traction in 120 patients (X+s).

Index Before traction Final traction review | After internal fixation surgery = Last follow-up F-value P-value
FVC(L) 1.13+0.19 1.36+0.28° 1.49+0.28° 1.53+0.26° 57.608 <0.001
FVC% 31.61+4.64 36.19+4.95° 38.08+7.46° 38.61+6.91° 32.188 <0.001
FEV1(L) 1.08+0.22 1.17+0.19° 1.26+0.22° 1.28+0.24° 20.670 <0.001
FEV1% 29.68+11.56 33.45+5.97° 35.91+7.81° 36.88+7.85° 16.550 <0.001
Compared to before towing, 2P<0.01°
variance showed that there were statistically significant differ- Discussion

ences (P<0.01) in FVC, FVC%, FEV1, FEV1%, and other indicators
before traction, the last follow-up of traction, internal fixation
surgery, and the last follow-up of HPT treatment. The Bonfer-
roni pairwise comparison results showed that the respiratory
function indicators before traction were significantly lower than
those after the last traction follow-up, internal fixation surgery,
and last follow-up (P<0.01). As shown in the Table 2.

Introduction to typical cases

Patient Zhang, female, 25 years old. Upon admission, X-ray
examination diagnosed scoliosis, kyphosis, Marfan syndrome,
and pulmonary insufficiency. Preoperatively, the entire spine
was displayed in both the anterior and lateral positions, with
scoliosis (S) and thoracic deformities, as shown in Figure 1 (A-
B); Preoperative 3D imaging of the entire spine showed scolio-
sis in an “S” shape, with some vertebral bodies showing poor
segmentation and deformities in the chest and ribs, as shown
in Figure 1 (C-E). After 3 months of improved HPT treatment,
the entire spine was displayed in both the anterior and lateral
positions, and there was a significant improvement in scoliosis
compared to before, as shown in Figure 1 (F-G); The 3D imaging
of the entire spine shows significant improvement in scoliosis,
as well as chest and rib deformities, as shown in Figure 1 (H-J).

Figure 1: 3D imaging of the entire spine in the anterior and
lateral positions before and after modified HPT treatment, as well
as the entire spine.

Traditional HPT applications are not widely used, mainly
due to inconvenient installation of HPT traction devices, low
fault tolerance, and poor patient tolerance. Hai Yong [11] be-
lieves that although HPT can correct various spinal deformities
through strong traction, due to the connecting rod surrounding
the body and fixed position, it is difficult to avoid some spinal
deformities. Even if it is reluctantly installed, it will compress
the local skin and affect the traction effect. This study used
modified HPT traction therapy for patients with severe spinal
deformities and respiratory dysfunction. The results showed
that all imaging indicators of patients after traction (last follow-
up, internal fixation surgery, and last follow-up) were lower
than before traction, indicating that modified HPT traction has
significantly restored overall balance in the coronal and sagittal
planes, as well as local balance in the shoulder and pelvis. This
is because traditional HPT is cumbersome to wear and does not
allow patients to sleep on their backs, making it impossible to
perform traction around the clock. The improved HPT traction
rod placed on the front and outer sides of the body can effec-
tively avoid spinal deformities, allowing patients to sleep and
dress in a supine position. It can achieve 24-hour continuous
traction and provide strong traction all day, effectively correct-
ing spinal deformities. In addition, the traditional HPT structure
is relatively single, and due to differences in patient body size,
personalized traction cannot be achieved. The improved pel-
vic ring of HPT is a half ring, which can be worn from the side,
avoiding the inconvenience caused by the traditional HPT pelvic
closed-loop structure being worn from the foot. At the same
time, the semi-circular structure can adjust its size and shape,
suitable for patients of different body types, thereby effectively
improving traction efficiency and improving spinal deformities.
Qi et al. [12] reported that the combination of HPT and spinal
release surgery can improve traction, but according to the au-
thor’s report, the average corrected Cobb angle for patients af-
ter surgery is about 38.5°, slightly lower than the results of this
study. However, it should be pointed out that there are obvious
shortcomings in simply pursuing traction efficiency and combin-
ing spinal release surgery. Spinal release surgery can increase
surgical trauma and treatment costs, while also increasing the
incidence of cardiovascular and pulmonary complications [13].
Sui Wenyuan et al. [14] also confirmed that rapid correction of
severe spinal deformities with respiratory dysfunction not only
fails to achieve the expected results, but also increases the risk
of complications and mortality. Relatively speaking, improved
HPT can provide strong traction and continuously act on the
main curvature area of the spine, gradually improving body bal-
ance and spinal sequence, avoiding the risk of nerve damage
and complications caused by violent correction. At the same
time, it can also increase patient tolerance and improve com-
fort through relatively free positioning and convenient wearing
methods.
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Severe spinal deformities not only affect the appearance of
patients, but when deformities occur in the thoracic vertebrae,
they can cause chest collapse, spinal shortening, reduced tho-
racic volume, and lead to pulmonary ventilation dysfunction.
However, rapid correction is not recommended for patients with
severe spinal deformities and respiratory dysfunction, as violent
correction can increase the risk of nerve damage, disability, and
mortality [15]. The results of this study showed that the respira-
tory function indicators at each stage after using modified HPT
traction were significantly better than before traction, indicat-
ing that modified HPT treatment can improve the respiratory
function of patients. This is because the improved HPT adopts
a relatively mild adjustment method, which achieves the pur-
pose of traction and correction of spinal deformities by inter-
mittently adjusting the traction frame, thereby alleviating the
compression of the spine on the thoracic cavity. Liu Dun et al.
[16] believe that although HGT can improve respiratory func-
tion in patients with severe spinal deformities, it is only suit-
able for young children with good flexibility in severe spinal
deformities, and its effect on severe stiff spinal deformities and
middle-aged and elderly patients is poor. The improved HPT
uses a connecting rod between the pelvic ring and the halo ring
to traction the spine, providing stable and sustainable traction
without affecting patient cardiovascular exercise. The improved
HPT also has the characteristics of controllability and gradual
progression, with high safety. It avoids strong stimulation to
the heart and lungs while slowly pulling the spine. As the spine
height is elongated and the chest is formed, the correspond-
ing chest deformity and volume are significantly improved, and
the patient’s lung function is also significantly improved. This
study also found that the trend of respiratory function changes
in patients gradually improved over time, indicating that HPT
traction therapy promotes thoracic remodeling and gradually
improves anterograde thoracic compliance. At the same time,
HPT slow stretching of the spine is improved to match respi-
ratory muscles with thoracic volume, and ventilation function
gradually improves. Improved HPT can not only be used for
preoperative correction of spinal deformities, but also for main-
taining traction during surgery and facilitating the placement of
internal fixation devices, as the traction frame is placed on the
anterior lateral side, promoting patient recovery. Qi et al. [17]
also believe that for patients who are unable to install purely
mechanically and have difficulty with internal fixation, HPT trac-
tion can reduce the difficulty of internal fixation installation,
reduce load, and effectively prevent the risk of decoupling and
rod breakage. It is an effective auxiliary treatment measure for
severe spinal deformities.

Conclusion

In summary, the improved HPT traction treatment for pa-
tients with severe spinal deformities and respiratory dysfunc-
tion can effectively correct spinal deformities, restore overall
spinal balance, and improve respiratory function. It is a safe and
effective auxiliary treatment measure for severe spinal deformi-
ties and respiratory dysfunction. There are the following short-
comings in this study: @The included cases were all patients
who underwent HPT treatment in the first stage and underwent
corrective surgery in the second stage. Due to the inability of
patients whose respiratory function did not meet the require-
ments after traction to undergo the second stage surgery, this
study can only reflect cases of patients with significant HPT
treatment effects. @During the last follow-up pulmonary func-
tion test, the patient’s spine was still in a fixed state, and the
patient’s forced breathing range was limited, which may affect

the results of respiratory function indicators. In future research,
we will conduct in-depth analysis of the relationship between
the duration and timeliness of traction therapy, aiming to opti-
mize the treatment process and improve traction efficiency of
improved HPT. At the same time, we will also consider intro-
ducing comfort indicators to better promote the application of
improved HPT.
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