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ABSTRACT
Objective: To evaluate whether prolonged preoperative halo gravity traction (HGT) influences spinopelvic parameters in patients with 

severe spinal deformities. Methods: This retrospective observational study included patients treated with preoperative HGT between 2017 
and 2023 at a spine deformity referral center. Inclusion criteria comprised curves >100°, and a minimum of two weeks of preoperative 
traction. Pre- and post-HGT radiographs were analyzed to assess changes in coronal and sagittal Cobb angles, sagittal vertical axis (SVA), 
and spinopelvic parameters—pelvic incidence (PI), pelvic tilt (PT), sacral slope (SS), and lumbar lordosis (LL). Statistical significance was 
set at p ≤ 0.05. Results: Fifteen patients met the inclusion criteria. HGT resulted in significant preoperative reductions in proximal thoracic, 
main thoracic, and thoracolumbar/lumbar Cobb angles. Sagittal Cobb angle and T5–T12 kyphosis significantly improved, while T2–T5 
kyphosis remained unchanged. Spinopelvic parameters (PI, PT, SS, LL) and SVA did not show statistically significant changes after HGT. 
Individual LL variations were noted, but not at the group level. Conclusion: While HGT remains an important tool for the management of 
severe spinal deformities, its influence on spinopelvic parameters is negligible. Level of Evidence IV; Therapeutic Study.
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RESUMO
Objetivo: Avaliar se a tração halo-gravitacional (HGT) pré-operatória prolongada influencia os parâmetros espinopélvicos em pacientes 

com deformidades graves da coluna vertebral. Métodos: Estudo observacional retrospectivo com pacientes tratados com HGT pré-operatória 
entre 2017 e 2023 em um centro de referência para deformidades da coluna. Os critérios de inclusão foram curvas >100° e pelo menos 
duas semanas de tração pré-operatória. Radiografias antes e após a HGT foram analisadas para avaliar alterações nos ângulos de Cobb 
(coronal e sagital), no alinhamento vertical sagital (SVA) e nos parâmetros espinopélvicos – incidência pélvica (PI), inclinação pélvica (PT), 
inclinação sacral (SS) e lordose lombar (LL). O nível de significância estatística foi p ≤ 0,05. Resultados: Quinze pacientes atenderam aos 
critérios de inclusão. A HGT promoveu reduções pré-operatórias significativas nos ângulos de Cobb torácico proximal, torácico principal e 
toracolombar/lombar. O ângulo de Cobb sagital e a cifose entre T5–T12 melhoraram significativamente, enquanto a cifose entre T2–T5 per-
maneceu inalterada. Os parâmetros espinopélvicos (PI, PT, SS, LL) e o SVA não apresentaram alterações estatisticamente significativas após 
a HGT. Foram observadas variações individuais na LL, mas não em nível grupal. Conclusão: Embora a HGT permaneça uma ferramenta im-
portante no manejo de deformidades graves da coluna, sua influência sobre os parâmetros espinopélvicos é mínima. Nível de Evidência IV; 
Estudo Terapêutico.

Descritores: Escoliose; Cifose; Tração; Coluna Vertebral; Radiografia Panorâmica.

RESUMEN
Objetivo: Evaluar si la tracción halo-gravitacional (HGT) preoperatoria prolongada influye en los parámetros espinopélvicos en pa-

cientes con deformidades graves de la columna. Métodos: Estudio observacional retrospectivo que incluyó pacientes tratados con 
HGT preoperatoria entre 2017 y 2023 en un centro de referencia para deformidades espinales. Los criterios de inclusión fueron cur-
vas >100° y al menos dos semanas de tracción preoperatoria. Se analizaron radiografías pre y post-HGT para evaluar cambios en 
los ángulos de Cobb coronal y sagital, el alineamiento vertical sagital (SVA) y los parámetros espinopélvicos – incidencia pélvi-
ca (PI), inclinación pélvica (PT), pendiente sacra (SS) y lordosis lumbar (LL). Se consideró estadísticamente significativo p ≤ 0.05. 
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Resultados: Quince pacientes cumplieron los criterios de inclusión. La HGT resultó en reducciones significativas preoperatorias en los 
ángulos de Cobb torácico proximal, torácico principal y toracolumbar/lumbar. El ángulo sagital de Cobb y la cifosis T5–T12 mejoraron sig-
nificativamente, mientras que la cifosis T2–T5 no mostró cambios. Los parámetros espinopélvicos (PI, PT, SS, LL) y el SVA no presentaron 
cambios estadísticamente significativos tras la HGT. Se observaron variaciones individuales en la LL, pero no a nivel grupal. Conclusión: 
Aunque la HGT sigue siendo una herramienta importante para el manejo de deformidades graves de la columna, su influencia sobre los 
parámetros espinopélvicos es mínima. Nivel de Evidencia IV; Estudio Terapéutico.

Descriptores: Escoliose; Cifosis; Tracción; Columna Vertebral; Radiografía Panorámica.

INTRODUCTION
Sagittal spine alignment relies on four interrelated curvatures 

that maintain posture and balance, and any disruption can trigger 
compensatory mechanisms involving musculature, sacral position, 
and lower limb adjustments.1 

The study of sagittal alignment parameters in scoliosis is rela-
tively recent, and much remains unknown. In 2018, Abelin-Genevois 
et al.2 classified Adolescent Idiopathic Scoliosis (AIS) based on 
sagittal angles, describing different types according to thoracic ky-
phosis: (1) Normal Kyphosis, (2a) Hypokyphosis, (2b) Hypokyphosis 
with Thoracolumbar Kyphosis, and (3) Cervicothoracic Kyphosis. 
Their study also identified significant correlations between thoracic 
kyphosis, lumbar lordosis (LL), C7 slope, and cervical lordosis.2

In the sagittal plane, Pelvic Tilt (PT) is a key measurement, as 
increased PT in the general population is associated with higher energy 
expenditure during walking.1 In idiopathic scoliosis, elevated PT has 
also been linked to impaired gait, characterized by a greater swing 
phase and reduced stance phase.3 In AIS, preoperative spinopelvic 
parameters generally remain unchanged after surgery, with thoracic ky-
phosis being the only parameter that tends to improve postoperatively.4

Halo gravity traction (HGT) is widely utilized for preoperative 
treatment of severe spinal deformities, with clear benefits in clinical 
symptoms and surgical planning. Radiographically, the improvement 
of coronal Cobb angle values is well-documented, reinforcing its 
effectiveness in reducing the curve’s severity.5 

HGT is a technique that applies controlled, gradual traction to 
the spine using a cranial halo fixed to the skull via pins. The trac-
tion force is progressively increased, allowing for slow and con-
trolled correction of the spinal deformity.5 This method has been 
shown to improve surgical outcomes by reducing the rigidity of the 
curve, thereby decreasing the need for aggressive osteotomies.6–8 
The process also provides time for patients to undergo preopera-
tive physiotherapy and nutritional optimization, which can enhance 
pulmonary function and overall tolerance to surgical intervention.7 
Traction can be performed in a hospital setting using a specialized 
traction bed, a wheelchair-based traction system, or a combination 
of both, offering patients relative mobility and improved quality of 
life during the preoperative period.9

Despite these benefits, most studies on HGT focus primarily on 
coronal deformity correction, typically assessed by the Cobb angle. 
This study is among the first to evaluate whether the benefits of HGT 
extend to sagittal vertebral alignment and spinopelvic parameters.

METHODS
To test the hypothesis that HGT could influence sagittal pa-

rameters before definitive surgery, we conducted an observational, 
retrospective study analyzing medical records and radiographic 
images of patients with severe spinal deformities who underwent 
preoperative HGT in a single referral center for spinal deformity 
surgery of the Brazilian public healthcare system. 

This study was approved by the local ethics committee (CAAE 
71146723.6.0000.5273), and patients or their legal guardians pro-
vided consent for the anonymized use of their images. All patients 
treated with HGT between 2017 and 2023 were included if their Cobb 
angles exceeded 100 degrees. Patients with less severe deformi-
ties, those who received intraoperative traction only, or those who 
underwent less than two weeks of traction were excluded.

Radiographic measurements were taken before and after HGT, 
evaluating sagittal Cobb angles, sagittal vertical axis (SVA), and 
spinopelvic parameters (PI, PT, and SS), following the Scoliosis 
Research Society’s Radiographic Measurement Manual.10 Data 
collection and analysis were performed using Surgimap software.

The traction protocol followed in our institution involved the ap-
plication of a cranial halo under sedation, using four to six pins, 
secured at a standard torque based on cranial bone density. Initial 
traction was set at approximately 5 kg and was gradually increased 
by 1 kg per day, depending on patient tolerance, until reaching 
a maximum of 50% of body weight. Throughout the HGT period, 
patients alternated between different traction positions, including 
bed traction, wheelchair traction, and assisted standing. A multidis-
ciplinary team monitored the patients daily, ensuring proper pin care, 
neurological assessments, and symptom management. Patients 
were kept under maximum traction weight until there was no further 
improvement in the deformity. At this point, definitive instrumentation, 
osteotomy, and arthrodesis surgery were scheduled. 

Statistical analysis was conducted using GraphPad Prism 8. 
The normality of the data was assessed using the Kolmogorov-
Smirnov test. Paired T-tests or Wilcoxon tests were used to compare 
pre- and post-HGT values, with statistical significance set at p ≤ 0.05.

RESULTS
From 2017 to 2023, 15 patients met the inclusion criteria. The 

cohort had an average age of 16.9 years, with skeletal maturity 
ranging from Risser 0 to Risser 5, distributed as follows: two Risser 
0 patients (13.3%), one Risser 2 patient (6.6%), two Risser 3 pa-
tients (13.3%), one Risser 4 patient (6.6%), and nine Risser 5 pa-
tients (60%). The individual patients’ data are presented in Table 1. 
All patients in the study underwent HGT preoperative treatment until 
no further improvement in the deformity was observed. There were 
no significant complications necessitating the discontinuation of HGT. 

A statistically significant reduction in the proximal thoracic Cobb 
angle (p = 0.02), main thoracic Cobb angle (p < 0.0001), and thora-
columbar/lumbar Cobb angle (p = 0.0064) was observed after HGT. 
The overall sagittal Cobb angle showed a significant mean reduction 
of 19.9 degrees (p = 0.0003), while T5-T12 kyphosis improved by 
15.6 degrees (p = 0.01). However, no significant changes were 
found in spinopelvic parameters, with pelvic tilt showing an average 
change of 3.1 degrees (p = 0.42), pelvic incidence a difference of 
only 0.5 degrees (p = 0.32), sacral slope a change of 0.9 degrees 
(p = 0.72), and lumbar lordosis a variation of 6.5 degrees (p = 0.20). 
While lumbar lordosis did not change significantly at the group level, 
individual variations were observed. Additionally, sagittal vertebral 
axis (SVA) showed a non-significant increase of 3.9 mm (p = 0.45). 
The T2-T5 kyphosis remained unchanged (p > 0.999). Table 2 pres-
ents more details about the statistics. Two illustrative cases from the 
study are presented in Figure 1 and Figure 2. While these patients 
present with different clinical pathologies, in both cases, there was 
no improvement in the sagittal parameters. 

DISCUSSION
The majority of studies on preoperative HGT focus on the re-

duction of Cobb angles, a finding corroborated by our study.8,11 
However, our aim was to investigate whether HGT influences sagittal 
parameters beyond coronal plane correction.
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Our results indicate that while HGT contributes to improved sa-
gittal Cobb angles, it does not significantly alter spinopelvic parame-
ters or sagittal vertebral axis. This suggests that sagittal correction 
via HGT is limited, and alternative strategies may be necessary to 
achieve comprehensive sagittal balance.

Pinto et al. (2019) demonstrated that sagittal balance in ado-
lescent idiopathic scoliosis is strongly correlated with cervical 
morphology and upper thoracic kyphosis (T1-T5). In contrast, lum-
bar lordosis (LL) is more associated with lower thoracic curvature 
(T5-T12) and influenced by pelvic parameters such as pelvic inci-
dence (PI) and sacral slope (SS).12 These findings are particularly 
relevant to our study population, as severe deformities often result 
in compensatory patterns involving the interaction between the cer-
vical, thoracic segments, and pelvis.

Table 2. Results of statistical analysis comparing coronal and sagittal 
values before and after HGT. aPaired T-test; bWilcoxon test. There were no 
statistically significant changes in Spinopelvic Parameters.

Parameters Pre HGT Post HGT P value
Proximal Thoracic Cobb 59.0 ± 20.2 51.3 ± 21.5 0.02 a

Main Thoracic Cobb 124.6 ± 34.4 93.4 ±33.5 <0.0001 b

Thoracolumbar Lumbar Cobb 53.0 ± 36.6 37.9 ± 24.4 0.0064 a

SVA 32.5 ± 66.6 36.4 ± 55.0 0.45 b

T2T5 12.5 ± 28.0 12.5 24.8 >0.999 a

T5T12 95.4 ± 24.5 79.8 ± 21.6 0.01 a

Sagittal Cobb 95.9 ± 26 76 ± 30.3 0.0003 a

PT 10.6 ± 10.5 7.5 ± 8.8 0.42 b

PI 47.2 ± 27.0 47.7 ± 30.9 0.32 b

SS 34.0 ± 6.5 34.9 ± 7.2 0.72 a

LL 77.1 ± 19.5 70.6 ± 18.5 0.20 b

In patients with thoracic AIS, pelvic retroversion plays a crucial 
role in postural adaptation, a mechanism that helps maintain sagittal 
balance. The preservation of lower lumbar mobility in the planning 
of spinal scoliosis surgery proves to be important to reduce strain 
on the lumbar spine and to improve postural adaptability.13 Ano-
ther finding in the literature is that in thoracic AIS, particularly in 
hypokyphotic patients, an overcorrection of lumbar lordosis could 
induce a posterior shift of the fusion mass that ultimately leads to 
an increased risk of proximal junctional kyphosis.14,15 

In severe and rigid curves, patients with smaller PI and sagittal 
vertical axis (SVA) are more likely to present with sagittal imbalance. 
Zhang et al. did find that a PI of < 39 degrees and a PI-LL mismatch 
are major factors in sagittal imbalance persistence.16 Since PI is an 
intrinsic, non-modifiable parameter, we anticipated that preoperative 
HGT could influence lumbar lordosis; however, our findings did not 
support this hypothesis.

The surgical management of severe and rigid spinal deformities 
is complex and often requires a multidisciplinary approach. Preope-
rative HGT remains a valuable tool for reducing deformity severity 
and potentially minimizing the need for extensive osteotomies.5 

Despite its limitations in modifying sagittal parameters, HGT 
provides other preoperative benefits, including a gradual adapta-
tion of the spinal cord to correction forces, reduced neurological 
risks, and an opportunity for medical optimization.9  The ability to 
achieve partial correction before definitive surgery allows surgeons 
to plan less invasive approaches in certain cases.11 Moreover, pa-
tient adherence to prolonged HGT is generally good, with minimal 
reported complications.7 Therefore, understanding both the benefits 
and limitations of HGT is essential for optimizing patient outcomes 
and ensuring that treatment strategies are tailored to the individual 
needs of each case.

Table 1. All patients in the study, along with their demographic data and radiographical measurements. Age (years old). HGT: Halo gravity Traction. PT: 
Pelvic Tilt. SS: Sacral Slope. PI: Pelvic Incidence: LL: Lumbar Lordosis. SVA: Sagittal Vertebral Axis.

Patient Diagnosis Sex
Age 
(yo) Risser

HGT 
Time 
(days)

Initial 
Cobb

Post 
HGT 
Cobb

Initial 
Sagittal 
Cobb

Post HGT 
Sagittal 
Cobb

Pre 
HGT 
PT

Post 
HGT 
PT

Pre 
HGT 
SS

Post 
HGT 
SS

Pre 
HGT 
PI

Post 
HGT 
PI

Pre 
HGT 
LL

Post 
HGT 
LL

Pre 
HGT 
SVA

Post 
HGT 
SVA

Pre 
HGT 
PI-LL

Post 
HGT 
PI-LL

1
Adolescent 
Idiopathic

M 32 5 30 165.7 89.6 148.4 126.3 18.9 32.7 24.2 22.8 43.1 55.6 101.3 94.4 24.3 26.9 -58.2 -38.8

2 Congenital M 11 0 54 17 12.7 115.2 89 6.8 6 32.7 34.4 39.5 40.4 32.7 54.8 227.7 90.4 6.8 -14.4

3
Adolescent 
Idiopathic

F 18 5 54 127.7 108.9 99.2 92.8 -5.4 -7.8 43.5 43.7 38 38 70 67.4 17 21.7 -32 -29.4

4
Adolescent 
Idiopathic

F 13 4 42 143.3 130.6 73.6 53.2 11.5 6 32.9 33.3 44.4 39.2 82.7 100.5 -8.6 -6.9 -38.3 -61.3

5
Adolescent 
Idiopathic

F 17 5 95 148.3 70.9 101.2 92.3 32 5.6 25.1 46.5 57.1 52.1 101.9 89.9 52.1 73.7 -44.8 -37.8

6 Neuromuscular M 9 0 27 106.5 94.9 80.6 53 18.4 14.4 24 34.6 42.3 49 63.5 63 53.4 155.1 -21.2 -14

7
Adolescent 
Idiopathic

M 11 2 30 127.5 99.2 119.4 86.3 29.4 3.5 40.9 21.8 70.4 154.7111.1 49.1 49.9 96.1 -40.7 105.6

8
Adolescent 
Idiopathic

M 20 5 28 129.2 104.4 92.8 104.7 7.8 1.8 37.4 29.5 134.8 31.3 63.4 58.8 8.2 -25 71.4 -27.5

9 Congenital F 29 5 23 132.7 131.1 125.8 120.4 16.1 1.8 40.2 33.3 24.2 31.5 69.8 53.3 -39.9 -20 -45.6 -21.8

10
Adolescent 
Idiopathic

M 19 5 14 148.6 127.6 123.7 103.1 2.9 6.3 37.9 35 34.9 41.3 71.1 102.4 -11.8 2 -36.2 -61.1

11 Syndromic M 11 3 30 132.2 111.1 84.3 30.5 -6.2 -17 30.6 40.8 24.3 23.7 90.3 62.6 32.7 -16.1 -66 -38.9

12
Adolescent 
Idiopathic

F 20 5 55 131.5 88.5 55.9 39.3 6.4 5.4 37.5 39.1 43.8 44.5 77 63.1 14.8 30.3 -33.2 -18.6

13
Adolescent 
Idiopathic

F 15 5 30 125.5 105.7 70.3 54.9 -0.1 7.4 38.7 27.7 38.6 35.1 67.9 50.5 19.5 -3.1 -29.3 -15.4

14
Adolescent 
Idiopathic

F 18 5 36 117.9 86.5 70.3 61.4 2.7 7.4 26.1 39.4 28.7 32 86.5 84.4 -53.1 13.7 -57.8 -52.4

15 Congenital F 10 3 38 120.9 88.1 79.1 46.7 6.1 5.2 38 42.1 44.1 47.3 67.3 64.3 102 108 -23.2 -17

  Average:   16.9   39.1 125.0 96.7 96.0 76.9 9.82 5.25 33.9834.9347.2147.7177.1070.57 32.55 36.45 -29.89 -22.85
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CONCLUSION
While HGT remains an important tool for the management of 

severe spinal deformities, its influence on spinopelvic parameters 
is negligible. 

Figure 1. A male 11-year-old patient with Prune Belly Syndrome was submitted to 30 days preoperative HGT. A. Preoperative clinical images. B. Coronal 
radiography Pre HGT. C. Sagittal radiography Pre HGT. D. Last preoperative clinical images. E. Last preoperative coronal radiography. F. Last preoperative 
sagittal radiography. Besides the important coronal improvement, there was no change in spinopelvic parameters. Source: Authors.

Figure 2. A 20-year-old female 20 years old patient with severe, rigid idiopathic adolescent scoliosis submitted to preoperative HGT for 55 days. A. 
Preoperative clinical images with Adams maneuver. B. Coronal radiography Pre-HGT. C. Sagittal radiography Pre-HGT. D. Last preoperative clinical 
images. E. Last preoperative coronal radiography. F. Last preoperative sagittal radiography. Besides the important coronal improvement, there was also 
no change in spinopelvic parameters. Source: Authors.
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this article.
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