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DEFORMITIES

ARE CHANGES IN SPINOPELVIC PARAMETERS EXPECTED AFTER
PROLONGED HALO GRAVITY TRACTION FOR THE TREATMENT OF
SEVERE SPINAL DEFORMITIES?

SAO ESPERADAS ALTERACOES NOS PARAMETROS ESPINOPELVICOS APOS TRACAO
HALO-GRAVITACIONAL PROLONGADA NO TRATAMENTO DE DEFORMIDADES GRAVES
DA COLUNA?

¢SE ESPERAN CAMBIOS EN LOS PARAMETROS ESPINOPELVICOS TRAS UNA TRACCION
HALO-GRAVITACIONAL PROLONGADA EN EL TRATAMIENTO DE DEFORMIDADES GRAVES
DE LA COLUMNA?
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ABSTRACT

Obijective: 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 trag&o halo-gravitacional (HGT) pré-operatdria prolongada influencia os pardmetros espinopélvicos em pacientes
com deformidades graves da coluna vertebral. Métodos: Estudo observacional retrospectivo com pacientes tratados com HGT pré-operatéria
entre 2017 e 2023 em um centro de referéncia para deformidades da coluna. Os critérios de inclusao foram curvas >100° e pelo menos
duas semanas de tragdo pré-operatéria. Radiografias antes e apés a HGT foram analisadas para avaliar alteragbes nos angulos de Cobb
(coronal e sagital), no alinhamento vertical sagital (SVA) e nos parametros espinopélvicos — incidéncia pélvica (Pl), inclinagdo pélvica (PT),
inclinagdo sacral (SS) e lordose lombar (LL). O nivel de significancia estatistica foi p < 0,05. Resultados: Quinze pacientes atenderam aos
critérios de incluséo. A HGT promoveu redugées pré-operatdrias significativas nos angulos de Cobb toracico proximal, toracico principal e
toracolombar/lombar. O dngulo de Cobb sagital e a cifose entre T5—-T12 melhoraram significativamente, enquanto a cifose entre T2-T5 per-
maneceu inalterada. Os parémetros espinopélvicos (PI, PT, SS, LL) e o SVA ndo apresentaram alteragbes estatisticamente significativas apos
a HGT. Foram observadas variagées individuais na LL, mas n&o em nivel grupal. Conclusdo: Embora a HGT permanega uma ferramenta im-
portante no manejo de deformidades graves da coluna, sua influéncia sobre os parametros espinopélvicos é minima. Nivel de Evidéncia IV;
Estudo Terapéutico.

Descritores: Escoliose; Cifose; Tragdo, Coluna Vertebral; Radiografia Panordmica.

RESUMEN

Objetivo: Evaluar si la traccién halo-gravitacional (HGT) preoperatoria prolongada influye en los parametros espinopélvicos en pa-
cientes con deformidades graves de la columna. Métodos: Estudio observacional retrospectivo que incluyé pacientes tratados con
HGT preoperatoria entre 2017 y 2023 en un centro de referencia para deformidades espinales. Los criterios de inclusién fueron cur-
vas >100° y al menos dos semanas de traccion preoperatoria. Se analizaron radiografias pre y post-HGT para evaluar cambios en
los angulos de Cobb coronal y sagital, el alineamiento vertical sagital (SVA) y los parametros espinopélvicos — incidencia pélvi-
ca (Pl), inclinacion pélvica (PT), pendiente sacra (SS) y lordosis lumbar (LL). Se considerd estadisticamente significativo p < 0.05.
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Resultados: Quince pacientes cumplieron los criterios de inclusion. La HGT resultd en reducciones significativas preoperatorias en los
angulos de Cobb toracico proximal, toracico principal y toracolumbar/lumbar. El angulo sagital de Cobb y la cifosis T5—-T12 mejoraron sig-
nificativamente, mientras que la cifosis T2—T5 no mostré cambios. Los parametros espinopélvicos (P, PT, SS, LL) y el SVA no presentaron
cambios estadisticamente significativos tras la HGT. Se observaron variaciones individuales en la LL, pero no a nivel grupal. Conclusion:
Aunque la HGT sigue siendo una herramienta importante para el manejo de deformidades graves de la columna, su influencia sobre los
parametros espinopélvicos es minima. Nivel de Evidencia IV; Estudio Terapéutico.

Descriptores: Escoliose; Cifosis; Traccion; Columna Vertebral; Radiografia Panoramica.

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.’

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.?

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." In idiopathic scoliosis, elevated PT has
also been linked to impaired gait, characterized by a greater swing
phase and reduced stance phase.® In AlS, preoperative spinopelvic
parameters generally remain unchanged after surgery, with thoracic ky-
phosis being the only parameter that tends to improve postoperatively.*

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.®

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.® This method has been
shown to improve surgical outcomes by reducing the rigidity of the
curve, thereby decreasing the need for aggressive osteotomies.®*
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.”
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.®

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 (PIl, PT, and SS), following the Scoliosis
Research Society's Radiographic Measurement Manual.'® 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.®'
However, our aim was to investigate whether HGT influences sagittal
parameters beyond coronal plane correction.
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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.

HGT Post | Initial |Post HGT| Pre | Post| Pre |Post| Pre |Post| Pre |Post| Pre | Post | Pre | Post
Age Time |Initial| HGT |Sagittal| Sagittal |HGT |HGT | HGT | HGT | HGT |HGT | HGT | HGT | HGT | HGT | HGT | HGT
Patient| Diagnosis |Sex| (yo) |Risser|(days)| Cobb|Cobb| Cobb Cobb PT | PT|SS|SS | PI Pl LL | LL | SVA | SVA |PI-LL | PI-LL
: Algi%'s:fﬁgt M|32| 5 | 30 |165.7|89.6 | 1484 | 1263 [189|32.7|242|22.8(43.1|55.6(101.394.4| 243 | 269 |-68.2| -38.8
2 Congenital |M | 11| 0 | 54 | 17 |127|1152| 89 |68 | 6 [327|344|395|404(327(54.8(227.7| 904 | 68 |-14.4
Adolescent |t | 4o | 5 | 54 [1277\1089] 992 | 928 |-54|-78|435[437| 38 | 38| 70 |674] 17 |217]| 32 | 294

3 |diopathic
Adolescent | o | 45 | 4 | 4 [1433[1306| 736 | 532 |115| 6 [329]333|444|392|827]1008 -86 | -6.9 |-383| -61.3

4 Idiopathic
Adolescent | | 15 | 5 | 95 |1a83|709| 1012 | 923 | 32 | 56 (251 |465|57.1|521 1019 899|521 |737|-aa8|-378

5 Idiopathic
6 |Neuromuscularl M | 9 | 0 | 27 |1065|949]| 806 53 |18.4|144| 24 |346|42.3| 49 |635| 63 | 634 [155.1|-21.2| -14
Adolescent |\ | 49 | 5 | 30 1275|992 | 1194 | 863 |294| 35 |409|218|704l1547111.1]49.1| 499 | 961 |-40.7| 1056

7 Idiopathic
Alg;'sztcﬁgt M| 20| 5 | 28 [12902]1044| 928 | 1047 | 78| 1.8 |37.4|295(134.831.3|63.4|588| 82 | -25 | 714 | -275
Congenital | F | 29 | 5 | 23 |132.7|131.1| 1258 | 1204 |16.1| 1.8 [40.2|33.3|24.2|31.5|69.8|53.3|-39.9| -20 |-45.6| -21.8
Adolescent |\ | 1o | 5 | 14 |1486[127.6| 1237 | 1031 | 29| 63 |37.9| 35 |349|413|71.1[1024-118| 2 |-362|-61.1

10 Idiopathic
11 Syndromic | M | 11| 3 | 30 [1322[111.1] 843 | 305 |-6.2|-17|30.6|408|24.3|23.7|90.3|626|32.7 |-16.1| -66 | -38.9
Adolescent | 't | 5 | 5 | 55 |1315/885| 559 | 393 |64 |54 |375(39.1|438|4a5| 77 |631] 148|303 |-332]-186

12 |diopathic
Adolescent | c | 45| 5 | 39 |1255[106.7| 703 | 549 |-01| 74 |387|27.7|386|35.1|679|505| 195 | -3.1 |-29.3| -15.4

13 Idiopathic
Adolescent | ¢ | qg | 5 | 35 1170|865 | 703 | 614 | 27|74 |261|304|287| 32 |865|844|-531|137|-578| 524

14 Idiopathic
15 | Congenital | F | 10| 3 | 38 |1209|881| 79.1 | 467 |61 |52 38 |421|44.1|47.3|67.3|643| 102 | 108 |-23.2] -17
Average: 16.9 39.1 [125.0| 967 | 960 | 769 |9.82|5.25(33.9834.93147.21/47.71[77.10[70.57|32.55|36.45|-29.89|-22.85

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

Parameters Pre HGT Post HGT P value
Proximal Thoracic Cobb 59.0 £20.2 | B1.3£215 0.02 a
Main Thoracic Cobb 1246 £ 344 | 934 +£335 |<0.0001 b
Thoracolumbar Lumbar Cobb 53.0+£36.6 | 37.9 £ 244 | 0.0064 a
SVA 325+ 66.6 | 364 +£55.0 045 b
T2T5 125+ 28.0 1265248 >0.999 a
T5T12 954 +245 | 798+ 216 0.01 a
Sagittal Cobb 95.9 + 26 76 + 30.3 0.0003 a
PT 10.6 £ 10.5 75 +88 042 b
Pl 472+ 270 | 47.7 £ 309 032b
SS 340+ 65 349+72 0.72 a
LL 77.1£195 | 70.6 £185 0.20 b

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 (Pl) and sacral slope (SS)."? 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.

Page 3 of b

In patients with thoracic AlS, 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.'™ Ano-
ther finding in the literature is that in thoracic AlS, 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.'*'

In severe and rigid curves, patients with smaller Pl and sagittal
vertical axis (SVA) are more likely to present with sagittal imbalance.
Zhang et al. did find that a Pl of < 39 degrees and a PI-LL mismatch
are major factors in sagittal imbalance persistence.'® Since Pl 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.®

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.® The ability to
achieve partial correction before definitive surgery allows surgeons
to plan less invasive approaches in certain cases.!" Moreover, pa-
tient adherence to prolonged HGT is generally good, with minimal
reported complications.” 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.




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.

o) { kB 3 4 . S AN
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.

CONCLUSION

While .HG'T remains an important ool forl the management of All authors declare no potential conflict of interest related to
severe spinal deformities, its influence on spinopelvic parameters ) ,
is neghglble this article.
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