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The Use of Halo Gravity Traction in Severe, Stiff Scoliosis
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Purpose: The correction of severe, stiff scoliosis in children is
challenging. One method used to reduce the risk is preoperative
halo gravity traction (HGT). In this study, the authors sought to
define the efficiency and safety of HGT and characterize the
chronology of the correction seen.

Method: A consecutive group of pediatric patients with severe
spinal deformities was treated with HGT before definitive cor-
rection. A standard protocol with the daily addition of weight to
50% of body weight at 3 weeks was used. Traction remained in
place until signs of impending neurological complication or 6
weeks, whichever was sooner.

Results: Twenty-four patients were included with a mean age of
11.8 years. The mean coronal deformity was 123 degrees, with a
T1-L5 height of 234 mm. The mean duration of traction was
42 days with a mean improvement in height of 72 mm with 82%
occurring over the first 3 weeks. Hundred percent of the angular
and 98% of T1-L5 height correction was reached by 6 weeks. One
patient showed early signs of a cranial nerve palsy prompting
early surgery and 8 patients showed pin loosening, 1 of which
required revision of their halo. One patient underwent a slower
progression of traction because of transitory urinary disturbance.
Following fusion, angular correction of the major curve was
49%.

Conclusion: HGT is a safe treatment for severe, stiff scoliosis
because it can respond to early signs of impending neurological
impairment. The first 3 weeks of treatment, reaching 50% of
body weight as a traction force accounts for 80% of correction,
with the remaining 20% in the following 2 weeks. At least 4
weeks of traction is recommended when following this protocol.
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he treatment of severe, stiff scoliosis in children is

challenging with surgical correction having the po-
tential to cause neurological injury either directly or
through stretching or compromising the vascular supply to
the cord.!? Avoiding these catastrophic complications is
critical to prevent dysfunction and long-term disability.

Surgeons can choose from a selection of strategies to
tackle these deformities, including osteotomy, which is
associated with a significant risk of neurological compli-
cations, and preoperative halo gravity traction (HGT).>™
First proposed by Dubousset as an adjunct to Stagnara’s
elongation cast, HGT is hypothesized to take advantage
of Hooke’s law and viscoelasticity of the pediatric spine
through gradual application of weight through a halo with
the patient’s body weight acting as countertraction.®8
This gradual correction of the deformity over a period of
weeks allows the bony and neurological elements of the
spine to accommodate to their new shape through stress
relaxation, thus preventing the adverse neurological effects
seen in acute correction.

Since its introduction, several authors have sought to
establish the optimal duration of traction and the com-
plications associated with its use.>!? These are important
to understand because of the potential for neurological
injury, the length of inpatient stay, and the expense in-
herent with the use of HGT. In this retrospective cohort
study, we sought to identify the optimal duration of HGT
in pediatric patients treated for severe, stiff scoliosis
treated at a single unit by multiple surgeons over 14 years,
and to describe the pitfalls and complications associated
with its use.

METHODS

Local research ethics board approval was granted.
The study was deemed exempt from informed consent.
A consecutive group of patients treated with HGT be-
fore posterior spinal fusion and segmental spinal in-
strumentation at a single center by multiple surgeons for
severe, stiff scoliosis was identified from departmental
records. The inclusion criteria were (i) patients diag-
nosed with a coronal angular deformity exceeding 100
degrees or with a high risk for neurological injury be-
cause of a high deformity angular ratio (the angular
deformity at each motion segment, DAR) or scarred
spinal cord, (ii) undergoing definitive posterior in-
strumented fusion surgery before age of 18 years, and
(iii) treated with at least 14 days of HGT before defini-
tive surgical correction.
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The clinical records and pretreatment radiographs
were assessed to define the demographics, diagnoses,
comorbidities, and characteristics of the underlying de-
formity. The immediate and delayed complications of halo
placement were recorded from surgical reports and in-
patient records. Complications, adverse events, symptoms,
or returns to the operating room during traction were
recorded.

Each radiograph acquired prior, during, and after
traction was arranged chronologically and categorized by
week of treatment to calculate the weekly changes in the
deformity. Angles were measured using the Cobb techni-
que. The DAR, a measure of curve magnitude per level of
deformity, was calculated before traction being applied
and at each subsequent week until definitive fusion
by dividing the angle of coronal deformity by the number
of levels involved in the curve.'’2 The improvement in
DAR each week was expressed as a percentage of the
improvement achieved by the traction treatment immedi-
ately before fusion. The change in T1-L5 height was
calculated as the difference between the TI1-L5 before
traction and the T1-L5 height during each 7-day period
expressed as a percentage of the TI1-L5 height seen
immediately before fusion. L5 was selected as the distal
extent of this measurement because of the clarity of its
inferior endplate in every case. The final correction ach-
ieved by definitive fusion was then described and com-
pared with the deformity at presentation.

Traction Protocol

Under general anesthesia, the patient was positioned
supine and sized for the appropriate halo orthosis.
Following the manufacturer’s instructions for pin loca-
tion, placement, and torque, 6 to 8 pins were placed to fix
the halo to the cranium. A bail was then fixed to the halo
in such a way as to prevent flexion or extension of the
neck. A 2.2 kg traction mass was then applied to the bail
before transfer to the recovery area. Once the patient was
returned to the inpatient area, 0.9 kg of weight was added
to the bail daily with the patient’s body weight working as
countertraction until 50% of body weight was reached or
clinical signs or symptoms of impending neurological
dysfunction were identified. The upper limit for traction
was 23.6 kg regardless of patient weight. The traction
force remained in place day and night and was released
only for personal hygiene. Patients ambulated in a traction
wheelchair for the duration of treatment (Fig. 1).
Anteroposterior and lateral full-length sitting spine
radiographs were taken at intervals during treatment as
determined by the treating surgeon. The halo was removed
concurrently with the definitive fusion surgery. Patients
remained under inpatient care for the duration of HGT
until discharge after definitive fusion.

Data were recorded and analyzed using STATA
V.14.0 (StataCorp, College Station, TX). Demographics
were described using assessment of central tendency and
spread. A paired ¢ test was used to analyze the radio-
graphic changes. Categorical data were described using
the free text.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 1. The halo gravity traction apparatus is used during
mobilization in a custom wheelchair. M

RESULTS

Twenty-four eligible patients were included in the
analysis. The mean age at the application of the halo was
11.8 years (range, 6.1 to 16.6y), and median body weight
was 26.9 kg (interquartile range, 21.0 to 45.1kg). The
underlying diagnosis was syndromic scoliosis in 9, neu-
romuscular scoliosis in 4, congenital scoliosis in 3, idio-
pathic in 7, and post paralysis in 1.

The major curve was thoracic in 20 patients with a
mean coronal deformity of 123 degrees (range, 87 to 175
degrees) and mean T1-T12 sagittal deformity of 47 degrees
(range, 3 to 126 degrees). The median DAR for the major
deformity in this subgroup was 17 degrees (range, 10 to 25
degrees). Eleven patients showed an apical vertebra of
either T9 or T10. The mean T1-L5 height in this group
was 234 mm (range, 150 to 347 mm).

Two patients showed proximal thoracic major
curves. These measured 82 and 99 degrees with a DAR of
5 in both cases. Two further patients showed a thor-
acolumbar primary curve of 76 and 147 degrees with a
DAR of 6 and 9. Those with a proximal thoracic curve
showed T1-L5 heights of 263 and 290 mm, and those with
a thoracolumbar curve T1-L5 heights of 224 and 162 mm,
respectively.
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TABLE 1. The Percentage Improvements in Both T1-L5 Height, Coronal Angular Deformity, and DAR as a Percentage of the Final

Measurements by Week of Traction Treatment

Week of Traction Mean Improvement in T1-L5

Mean Improvement of Major

Mean Improvement on DAR of the Major

Treatment Height, % (95% CI) Curve, % (95% CI) Curve, % (95% CI)
1 54.8% (42.5-67.0) 37.5 (13.7-61.4) 38.3% (20.9%-55.8%)
2 71.7% (55.4-88.1) 85.4 (51.1-100) 66.7% (45.5%-87.9%)
3 82.1% (66.9-97.3) 95.8 (58.3-100) 71.5% (54.2%-88.7%)
4 92.6% (82.0-103.1) 100 (49.0-100) 77.9% (48.6%-100%)
5 98.4% (91.3-105.5) 100 (79.7-100) 97.7% (90.8%-100%)
6 98.3% (94.6-102.0) 100 (82.7-100) 98.9% (96.5%-100%)

CI indicates confidence interval; DAR, deformity angular ratio.

The median duration of traction was 42 days (in-
terquartile range, 39 to 47). The shortest duration was
18 days because of the development of an XII cranial
nerve palsy. The longest duration was 63 days. A single
patient reported 1 incidence of neck pain that prompted
pausing the addition of weight for 24 hours before con-
tinuing with the protocol.

The mean overall improvement in T1-L5 height was
68.3 mm (range, 12 to 117 mm). The mean improvement
in T1-L5 length was 55% (95% CI, 43-67) in week 1, 72%
(95% CI, 55-88) in week 2, 82% (95% CI, 67-97) in week 3,
93% (95% CI, 82-103) in week 4, 98% (95% CI, 91-106) in
week 5, and 98% (95% CI, 95-102) in week 6 (Table 1).
The coronal deformity improved by 37.5% (13.7-61.4) by
week 1, 85.4% (51.1-100) by week 2, 95.8% (58.3-100) by
week 3, and 100% by week 4.

One patient remained in traction until week 7 and
saw an improvement of their DAR increase from 90% to
100% and their T1-L5 distance from 78% to 100% over the
seventh week. Another was in traction until 8 weeks,
seeing an improvement in DAR from 93% at 6 weeks to
94% at 7 weeks and 100% at 8 weeks, accompanied by a
5% increase in the T1-L5 length over the same period.

One patient refused the fusion procedure after trac-
tion. Two patients showed early signs of hypoglossal palsy
that prompted earlier fusion in one. Both patients showed
complete recovery after fusion. One patient had transient
urinary dysfunction that resolved on 48 hours of pausing
the progression of traction. Eight patients showed signs of
pin site infection that necessitated local treatment. One
patient returned to the operating room for the replacement
of loose pins.

During the fusion procedure, 6 patients showed a
loss of motor evoked potentials (MEPs). One patient
showed a return to <10%, 1 to within 75%, and 1 to 50%
of baseline signal amplitude. The remaining 3 returned to
100% of baseline values. In each case, the intraoperative
mean arterial blood pressure was raised in response to the
reduction in potentials, and in 4 cases, the intraoperative
traction was released. Two patients had the release of the
corrective instrumentation as part of the management of
the complication. In both cases, less contoured rods were
then fitted with no recurrence of signal loss. A single pa-
tient (with a 50% reduction in MEPs) showed a reduction
in ankle dorsiflexion strength to MRC grade 4/5 after
surgery, which had resolved by first follow-up at 6 weeks.
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This group showed a mean DAR of 18 degrees at pre-
sentation, which was no different to that of the remainder
of the cohort (P=0.39). The group showed equivalent
flexibility at week 1 (P=0.11) and no difference in the rate
of improvement in the deformity to those patients who did
not show neuromonitoring changes during the definitive
correction (P=0.30).

After fusion, the mean thoracic curve coronal de-
formity in patients in whom this was the major curve was
61 degrees (range, 34 to 109 degrees), representing a mean
improvement of 60 degrees (95% CI, 51-69 degrees;
P<0.01). In patients with a proximal thoracic major
curve, the mean post-fusion coronal deformity was 63
degrees (range, 51 to 75) representing an improvement of
28 degrees (—17 to 72 degrees; P=0.08). In those with a
major thoracolumbar curve, the postoperative coronal
deformity was 71 degrees (range, 50 to 92) representing an
improvement of 41 degrees (—142 to 224; P=0.2). When
these values are pooled, the correction of the major curve
after fusion surgery was 49.1% (40.6 to 57.6). The DAR
for the major curve, regardless of location, improved by a
mean of 8 degrees (95% CI, 7-10; P <0.01) after fusion.

DISCUSSION

Our analysis shows that HGT effectively addresses
the risk of neurological injury encountered when correct-
ing severe, stiff spinal deformity in pediatric patients
(Figs. 2, 3). The majority of the correction occurs over the
first 3 weeks, where the application of force corresponds
linearly with the increase in T1-L5 length and change in
DAR. With our protocol, the traction force remains
constant from the third week onward, yet the correction
continues to improve, which we hypothesize represents the
3 element model viscoelastic effect described by Panjabi
and White.!3 Neurological deficits can be seen with rapid
application of corrective force, regardless of how it is
applied, through stretching of neural structures or through
compromise of the anterior spinal circulation. HGT
allows the treating surgeon to reduce or remove the
corrective force in response to neurological signs and
symptoms, bringing an element of safety to correction not
found in other strategies.

The 60% angular correction observed in main
thoracic curves in our series exceeds that found in pre-
viously published cohorts. In a recent series, Hwang et al'”
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FIGURE 2. The radiologic improvements seen in a 12-year-old male patient with Larsen syndrome treated with 6 weeks of HGT.

HGT indicates halo gravity traction.

retrospectively reviewed 59 patients with varied etiology
and a maximal deformity of 97 degrees showing that 32%
of correction was achieved by 3 weeks. Rinella et al'4
conducted an analysis of 33 patients treated with HGT for
severe scoliosis, though in this study, the traction force
was reduced by up to 75% overnight. Patients were treated
with traction for between 2 and 12 weeks with a 46%
improvement in angular coronal deformity and a low rate
of complication. Sink showed the effectiveness of HGT in
19 patients, only 6 of whom had not undergone any pre-
vious anterior release or spine surgery, by demonstrating a
mean improvement of 35% in the angular coronal
deformity.!> In contrast to these positive findings, Spon-
seller et al'® carried out a multicentre retrospective in-
vestigation comparing the treatment of idiopathic curves
exceeding 90 degrees with and without preoperative trac-
tion and showed that although the technique is safe, HGT
did not lead to a significantly improved overall correction
either immediately postoperatively or at 2 years.

HGT has been shown to create similar corrections to
3 column osteotomy by Wang et al’ who carried out an
investigation of 62 patients treated with halopelvic traction,
osteotomy, and instrumented fusion for rigid scoliosis ex-
ceeding 120 degrees. The group showed a 50% correction
after 6 weeks of traction, a 65% correction when vertebral
column resection (VCR) was used in addition, and 64%
without VCR. However, osteotomy carries with it an in-
herent risk to neurological structures in severe pediatric
deformity. Boachie-Adjei et al® showed a 5% incidence of
neurological injury when correcting pediatric spinal de-
formities but noted that osteotomy and vertebral resections
were brought an odds ratio of 1.7 for postoperative neu-
rological complications. The same author later found a 9%
rate of new neurological deficit in 286 pediatric patients

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

treated for deformities exceeding 100 degrees or treated
with VCR using the international FOX database.!”

We suggest that the majority of the adverse incidents
observed within our cohort should be considered pitfalls
rather than complications because their management does
not require any change to the treatment plan, except in
one case where a return to the operating room for re-
placement of halo pins was needed. The literature shows a
higher rate of adverse incidents. Although brachial plexus
injury, cranial osteomyelitis, deep brain abscess, and
avascular necrosis of the odontoid peg have been rarely
reported after HGT, pin loosening and infection are
commonly reported at a rate of between 0% and
30%.21415:18.19 Watanabe showed a single incident of pin
site infection and no incidents of neurological deficit in a
series of 21 patients treated with traction.’ Wang et al’
showed an incidence of 2 of 62 of infected halo pins, 3 of
62 incidence of infected pelvic pins, and 1 case of cranial
neurapraxia in their series, and Hwang et al'® found a 10
of 59 incidence of complications, all pin site related, in-
cluding a single skull fracture.

Our data confirm that cranial and peripheral neuro-
logical injury is seldom observed with the slow and pro-
gressive application of HGT, and during definitive fusion,
only 25% of our patients showed changes in MEP, none of
which showed any postoperative neurological deficits de-
spite the severity and stiffness of the curves.2 Only rare
cases of paraplegia, hypoglossal nerve palsy, and transient
lower limb sensory deficits have been documented with the
use of traction.”!>* Wilkens et al showed a 9% incidence of
cranial nerve palsy, Sponseller et al'® a single incident of
transient leg paresis in 30 patients, and Koller no incidences
of neurological com?lication in their retrospective series of
45 similar patients.2>20
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The duration of preoperative traction has been de-
bated for 45 years. In 1975, Letts et al?’ published a series
of 10 patients with a mean coronal deformity of 81 degrees
treated with halo femoral traction before definitive fusion.
The group added 1.8 kg/d to a maximum of 18 kg showing
that close to 41% of the correction was achieved within the
first week. The team identified a higher rate of pin loos-
ening and pain, leading the Pediatric Orthopaedic Society
of North America to recommend a maximum duration of
traction of 15 days for these patients. A similar finding was
documented by Clark and colleagues who demonstrated
that the maximum correction was achieved at between 10
and 12 days with halopelvic traction. More recently,
Watanabe et al?® examined a cohort of 6 patients with
curves exceeding 100 degrees treated with HGT without
anterior release, showing a 92% imgrovement in angular
deformity within the first 3 weeks.?® Our data show that
71% of the correction occurs in the 2 weeks of treatment,
and 81% in the first 3 weeks. This is followed by 19% over
the subsequent 3 weeks where no additional weight is
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added. It may be that Hooke’s law is being followed ini-
tially, where the correction is proportional to the force
applied, whereas stress relaxation occurs in the subsequent
3 weeks, suggesting that viscoelasticity of the spine is a
characteristic that may be being taken advantage of in
deformity correction.?>?° This, combined with the vis-
coelasticity of the spinal cord itself, explains why the
gradual correction of deformity with consistent force does
not lead to the same incidence of neurological complica-
tion as an acute correction.’® These data suggest a rec-
ommendation for 4 weeks of HGT to achieve 100% of the
coronal angular and 93% of the thoracic height correction.
Continuing to 5 weeks brings only a small improvement in
thoracic height, which should be considered on an in-
dividual basis, as should the use of traction for longer
periods if it is being tolerated and correction is observed to
continue through serial radiographs.

These data support the use of HGT in managing
severe, stiff scoliosis, show that it is safe and effective, and
suggest a viscoelastic characteristic of the pediatric spine.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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The study is limited by the inconsistent timing of radio-
graphs in some cases, which limits the ability to calculate
the precise chronology of the correction of the deformity
with a greater resolution. The cohort is heterogenous in
the etiology of the deformity, which may influence the
patients’ vulnerability to pitfalls and complications of
traction. Further challenges were encountered in taking
measurements from the radiographs because of the severe
nature of the deformities in some cases. Finally, it may be
that the ideal duration of traction is case-dependent and
traction duration beyond 4 weeks yields as yet unrecog-
nized benefits; however, this must be balanced with the
practicalities of long inpatient stay.

CONCLUSION

HGT is an effective technique to address the neuro-
logical risks inherent in managing severe, stiff spinal de-
formities in pediatric patients. The first 3 weeks of treatment,
reaching 50% of body weight as a traction force accounts for
80% of correction, with the remaining 20% in the following 2
weeks. At least 4 weeks of traction is recommended when
following this protocol; however, the duration of traction
should be decided on a case-by-case basis.
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