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Abstract

Background. There have been no standardized surgical
options for severe scoliotic curvatures >100°. Halo—gravity
traction is a viable option for surgical treatment of severe
scoliosis. The aim of this study was to evaluate the efficacy
and safety of perioperative halo—gravity traction for scoliosis
curves 2100° with respect to radiographic outcomes and clini-
cal complications.

Methods. A total of 21 scoliosis patients with >100° curves
(average 118.7°; range 100°-158°) with a minimum 2-year
follow-up (average 41.8 months; range 24.0-97.0 months) who
underwent spinal instrumented fusion using perioperative
halo—gravity traction were analyzed. Diagnoses were neuro-
muscular scoliosis (n = 10), idiopathic (n = 9), and congenital
(n=2).1In all, 15 patients were treated by the anterior release
procedure followed by final posterior fusion and 6 patients by
posterior fusion alone. Six patients had only preoperative
traction preceding posterior fusion alone, 6 patients only
staged traction between anterior release and final posterior
fusion, and 9 patients had both preoperative traction preced-
ing anterior release and staged traction preceding final poste-
rior fusion. The average overall traction period in all patients
was 67 days (range 10-78 days).

Results. Radiographic outcomes demonstrated 51.3% correc-
tion of the major Cobb angle, 40 mm correction of apical
vertebral translation, 76 mm increase of T1-S1 length, and
20.7% increase of space available for lungs at the ultimate
follow-up (all comparisons P < 0.05). Preoperative traction
demonstrated 27.5% correction of the major curve Cobb
angle, 51.5 mm increase of T1-S1 length, 14.9% increase of
space available for the lungs (all comparisons P < 0.05). Staged
traction after anterior release demonstrated 37.2% correction
of the major curve Cobb angle, 26.1 mm correction of apical
vertebral translation, 56.5 mm increase of T1-S1 length, 14.2%
increase of space available for the lungs (all comparisons P <
0.05). There were only two patients with a pin-site problem,
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and one required débridement. There were no neurological
deficits or clinical complications.

Conclusions. Scoliosis patients with >100° curves can be
managed successfully by corrective fusion surgery concomi-
tant with perioperative halo—gravity traction without signifi-
cant complications.

Introduction

Although great technical improvements have been
made in the surgical treatment of scoliosis in children,
severe and rigid deformities remain a challenge to treat
with spinal instrumentation. Adjunctive methods such
as traction (halo-femoral, halo—pelvic) provide ade-
quate corrective forces for such deformities but require
extended periods of bed rest, and significant compli-
cations have been reported with these techniques.
Stagnara' popularized halo—gravity traction as a safe
alternative, using the weight of the body as a counter-
force. The traction forces can be transferred between
the patient’s bed, wheelchair, and walking frame.

Although various modern instrumentation systems
and surgical techniques have been developed, spinal
reconstructive surgery for severe, rigid scoliosis curves
>100° remains challenging because of the severity of the
deformity, associated poor pulmonary function, poten-
tial for pseudarthrosis, and neurological complications.
There have been no standardized surgical options for
severe scoliotic curvatures >100°. To the best of our
knowledge, there are no reports on the efficacy of peri-
operative halo—gravity traction for correction of scolio-
sis curves 2100° and no data to indicate how much of
the deformity halo—gravity traction can correct before
definitive spinal fusion. The purpose of this study was
to evaluate retrospectively the efficacy and safety of
perioperative halo—gravity traction for scoliosis curves
>100° with respect to radiographic outcomes and clini-
cal complications.
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Materials and methods

A total of 23 consecutive patients with severe operative
scoliosis treated with preliminary halo—gravity traction
were identified from a patient database. Patients with
kyphosis-dominant deformities were excluded from this
series. All surgeries were performed by one of the two
senior authors between 1993 and 2004. Clinical and
radiographic data were collected and evaluated by an
independent spinal surgeon who was not involved in the
surgical treatment, and the data were retrospectively
analyzed after obtaining institutional review board
approval.

Inclusion criteria were halo—gravity traction used
during the perioperative time period (before anterior
and/or posterior fusion) and the availability of standing
pretreatment, traction (before anterior or posterior
fusion), postoperative (each stage), and final standing
radiographs. A total of 21 scoliosis patients with >100°
curves (average 118.7°; range 100°-158°) with a
minimum 2-year follow-up (average 41.8 months; range
24-97 months) were included in the study. We defined
“preoperative traction” as traction prior to initial ante-
rior release or initial posterior fusion and “staged trac-
tion” as traction between anterior release and final
posterior fusion. Six patients had only preoperative
traction applied preceding posterior fusion, 6 patients
had only staged traction between anterior release and
final posterior fusion, and 9 patients had both preopera-
tive traction preceding anterior release and staged
traction preceding final posterior fusion. The average
body weight was 35.1 kg (range 19.5-53.3 kg), and the
average maximum traction force was 12.7 kg (range
6.8-18.2 kg).

There were 16 female and 5 male patients, and
the average age at the time of surgery was 13 years
(range 7-17 years). Etiological diagnoses were neuro-
muscular (n = 10), idiopathic (n = 9) and congenital
(n = 2) scoliosis. Altogether, 18 patients had a
major thoracic curve, and 3 patients had a major thora-
columbar/lumbar curve. Of the 21 patients, 15 were
treated with anterior release (average 8.8 segments;
range 6-12 segments) followed by posterior instrumen-
tation and fusion. Six patients were treated with poste-
rior instrumentation and fusion alone. The average
number of fused vertebrae was 13.9 (range 10-19).
Intraoperative halo—femoral traction was used in 7
patients for correction of pelvic obliquity (6.8 kg halo
traction and a mean 11.4 kg unilateral femoral traction;
range 7-18 kg)* and 3 patients had concomitant thora-
coplasty as previously described.’ Two patients had ver-
tebral column resection(s) (one patient at T8/9, one
at T10), and one patient had multiple Smith-Petersen
osteotomies in the apical levels (one patient at two
segments).
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Radiographic measurements

The preoperative radiographic evaluation for all
patients included 36-inch posteroanterior (PA) and
lateral taken with the patient standing (or sitting in the
case of nonambulatory patients); supine and supine
side-bending anteroposterior (AP); and a push-prone
PA.Traction and postoperative radiographs consisted of
standing or sitting PA and lateral. In each case, radio-
graphs were repeated weekly while the patients were in
traction. Preoperative radiographic measurements were
performed on the pretraction radiograph and then on
1-week, 3-week, 6-week, and final-traction radiographs
after preoperative traction. Staged radiographic mea-
surements were performed on 1-week and final-traction
radiographs after the preliminary anterior release
procedure. Final radiographic measurements were
performed on the 6-week and ultimate postoperative
films.

Radiographic analysis of the coronal plane included
the major curve Cobb angle, apical vertebra translation
(AVT), global coronal imbalance [C7 plumbline devia-
tion from the center sacral vertical line (CSVL)], T1-S1
length, and space available for lung (SAL), as
described by Campbell et al.* on the standing/sitting
PA radiograph. Radiographic analysis also included
preoperative flexibility on side-bending radiographs
compared to the standing or sitting PA radiograph.
AVT was measured as the distance from the perpen-
dicular line drawn from the CSVL to the center of the
apical vertebral body or disc. T1-S1 length was
measured as the distance from the center of the T1
vertebral body to the center of the upper border of the
sacrum. For the sagittal plane, we included thoracic
(T5-T12) and lumbar (T12-S1) sagittal Cobb measure-
ments. Positive values were used to denote kyphosis
and negative values to indicate lordosis. All lateral
radiographic measurements were performed on
preoperative, 6 weeks postoperative, and ultimate
postoperative films.

Clinical complications

Traction-related complications during the traction
period were investigated by reviewing the medical
records. Long-term complications including pseudar-
throsis, coronal or sagittal imbalance, and implant
failure (e.g., implant breakage or dislodgement) were
investigated on plain radiographs. Pseudarthrosis was
defined as a loss of correction in the major Cobb angle
of >10° with associated implant failure and confirmed
by revision surgery. Perioperative and delayed postop-
erative neurological deficits were investigated using
medical records.
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Halo—gravity treatment protocols

The patient was brought to the operating room for
placement of the halo device. Normally, six to eight halo
pins were placed to minimize the risk of loosening and
tightened to 6- to 8-inch pounds of torque depending
on the size of the patient and the overall density of the
skull bone. Typically, the pins were not tightened after
24-48 h unless there was evidence of loosening. Trac-
tion was usually started immediately with a low weight
of 1.5-2.5 kg. Traction was gradually increased at a rate
of 1.0-1.5 kg per day as tolerated. The goal was to reach
a maximum traction of 33%-50% of the patient’s body
weight depending on how well it was tolerated. Traction
was applied for a minimum of 12 h per day, with the
weight lessened by 50%-75% when the patient was
sleeping to avoid proximal migration in bed at night.
Traction was applied while in bed, a wheelchair, or
standing apparatus (Fig. 1).

Neurological checks were performed once during
each 8-h shift. Daily cranial nerve and upper/lower
extremity neurological examinations were performed.
The duration of preoperative traction was usually 2-12
weeks depending on the overall medical condition. If an
anterior release and fusion was performed, the patient
was placed back in traction during the recuperative
phase. Often, 2—-8 weeks of staged traction was provided
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before definitive posterior instrumentation and fusion
with ultimate curve correction. During this time, the
patient continued to be ambulatory on a daily basis and
underwent daily respiratory treatments to maximize
pulmonary health. The length of the traction period was
determined by progressive curve correction as evi-
denced on weekly radiographs, in addition to clinical
maximization of the patient’s pulmonary and nutri-
tional status.

Statistical analysis

Statistical comparison of the radiographic measure-
ments was performed using the parametric paired z-test.
P < 0.05 was considered significant. StatView-J 5.0
(Abacus Concepts, Berkeley, CA, USA) was used for
all statistical analyses.

Results

The average overall traction period for all patients was
67.0 days (range 10-78 days). The average preoperative
traction period (n = 15) was 40.3 days (range 10-78
days), and the average staged traction period (n = 15)
was 53.5 days (range 14-108 days).

Fig. 1. Upright halo-gravity
traction options. a Modi-
fied wheelchair. b Standing
apparatus
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Table 1. Radiographic outcomes

Outcome Preoperative Ultimate follow-up P
Coronal plane deformity
Major curve Cobb angle (°) 119.0 £ 19.2 58.0 +234 <0.0001
Apical vertebral translation (mm) 99.0 £37.2 59.0 £22.6 <0.0005
C7 translation (mm) 33.0 + 38.3 27.0£23.8 >0.05
T1-S1 length (mm) 283.0 £43.5 359.0 £ 50.7 <0.0005
Available lung space (%) 77.0 £14.2 98.0 £10.3 <0.05
Sagittal plane deformity
Thoracic kyphosis (T5-12) (°) 60.0 £ 36.6 36.0 £23.1 <0.05
Lumbar lordosis (T12-S1) (°) —66.0 £23.9 -59.0 £16.1 >0.05
<0.0001 | F i ine -
(degrees) 12 0‘2 | p=0.0879 |
160 K i 5
99° °
120
N e 83°
100 —, —
80 — 3
60 S *
40 : : : :
20 17.5%*  23.3%% 26.7%* 30.8%*
0 (n=15) (n=12) (n=8)  (n=5)
pre— 1w 3w 6W 6W~ Fig. 2. Changes in the Cobb
traction angle of the major curve

Final radiographic outcomes (n=21)

The average major curve Cobb angle was corrected
from 119° (curve flexibility 20.2% ) before treatment to
58° (correction rate 51.3%) at ultimate follow-up (P <
0.0001). The average AVT was corrected from 99 mm to
59 mm (P < 0.0005), and the average global coronal
balance was maintained from 33 mm before treatment
to 27 mm at ultimate follow-up (P > 0.05). The average
T1-S1 length was increased from 283 mm to 359 mm (P
<0.0005), and the average SAL was increased from 77 %
to 98% (P < 0.05). The average thoracic kyphosis was
corrected from 60° to 36° (P < 0.05), and the average
lumbar lordosis was maintained from —66° to —=59° (P >
0.05) (Table 1).

Radiographic measurements of preoperative traction
(n=15)

The average major curve Cobb angle was corrected
from 120° before traction to 99° (correction rate 17.5%)

during preoperative halo—

3 correction rate gravity traction. W, week(s)

after 1 week of preoperative traction (P < 0.0001) and
tended toward a further correction to 92° (correction
rate 23.3%) after 3 weeks of preoperative traction (P =
0.0879) (Fig. 2). Preoperative traction (n = 15) demon-
strated an average 27.5% correction of the major curve
Cobb angle (P < 0.05) for all 15 patients, although the
traction period varied from one patient to another.
There was no significant change in average AVT for
overall preoperative traction period (all comparisons
P > 0.05) or in the average global coronal imbalance
(all comparisons P > 0.05). The average T1-S1 length
increased from 277 mm before traction to 304 mm after
1 week of preoperative traction (P < 0.001) and tended
to further increase to 310 mm after 3 weeks of preop-
erative traction (P = 0.073) (Fig. 3). Overall, preopera-
tive traction (n = 15) demonstrated a 51.5 mm increase
in T1-S1 length compared with the pretreatment T1-S1
length (P < 0.05). The average SAL increased from
77.2% before traction to 86.5% after 1 week of preop-
erative traction (P < 0.0005) (Fig. 4). Overall, preopera-
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tive traction (n = 15) demonstrated a 14.9% increase of
SAL compared with pretreatment SAL (P < 0.05).

Radiographic measurements of staged traction (n=15)

The average major curve Cobb angle was corrected
from 100° just before anterior release surgery to 83°
after 1 week of staged traction (P < 0.005) and further
corrected to 75° preceding final posterior fusion (P <
0.005) (Fig. 5). Staged traction (n = 15) and immediately
following anterior release with (n = 9) or without (n =

6) preoperative traction, resulted in a significant curve
correction, with an average rate of 37.5% (P <0.05).The
average AVT was corrected from 96 mm to 83 mm after
1 week of staged traction (P < 0.0005) and further cor-
rected to 73 mm preceding final posterior fusion (P <
0.05) (Fig. 6). Overall, staged traction (n = 15) demon-
strated 26.1 mm correction of AVT compared with pre-
treatment AVT (P < 0.05). The average global coronal
balance did not significantly change during the overall
staged traction period (all comparisons P > 0.05). The
average T1-S1 length increased from 313 mm to 331 mm
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after 1 week of staged traction (P < 0.005) (Fig. 7).
Overall,staged traction (n=15) demonstrated a 56.5 mm
increase in T1-S1 length compared with the pretreat-
ment T1-S1 length (P < 0.05). The average SAL
increased from 88.0% to 95.0% after 1 week of staged
traction (P < 0.05) (Fig. 8). Overall, staged traction
(n = 15) demonstrated a 14.2% increase in SAL com-
pared with pretreatment SAL (P < 0.05).

Traction-related complications

With regard to traction-related complications, there
was one case of pin-site infection that was resolved by
débridement and one case of pin-site drainage that was
resolved by cleaning the site. There were no neurologi-
cal deficits or long-term complications such as pseudar-
throsis or implant failure.
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Discussion documented in the literature. However, many complica-

Development of the halo revolutionized spinal traction
during the late 1950s and allowed skeletal traction of
spinal deformities with halo—femoral, halo-tibial and
halo—pelvic traction.” The use of halo—pelvic and halo-
femoral traction for preoperative correction and in
staged procedures in both adults and children is well

tions such as cranial nerve palsy,”’ traction-related para-
plegia,” cervical spondylosis,” " and loss of bone mineral
density"” due to the high traction force or long periods
of bed rest have been reported. In contrast, halo—gravity
traction required relatively lower traction force without
bed rest to improve coronal or sagittal plane deformity,
trunk decompensation, pulmonary function, and nutri-
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tional status before final corrective surgery'*"; more-

over, because bed rest is not required, it seems to be
better tolerated, especially by young patients.

Few studies have described the usefulness of halo-
gravity traction in the surgical treatment of severe sco-
liosis in detail. Sink et al." reported 19 scoliosis patients
who underwent corrective surgery using perioperative
halo—gravity traction (traction period 6-21 weeks). The
major curve Cobb angle improved 35% from an average
of 84° to 55° preceding fusion; global coronal imbalance
improved 60% from 3.0 cm to 1.2 cm; and trunk height
increased 5.3 cm after traction. Our experience was
similar. In the present study, preoperative halo—gravity
traction permitted correction of the scoliotic deformity
an average of 23.3%, which is equivalent to curve flex-
ibility by side bending radiographs (20.2%) for the first
3 weeks; however, it was limited in correcting AVT and
global imbalance in the coronal plane. In addition, pre-
operative halo—gravity traction allowed an increase in
trunk height (51.5 mm) and SAL (14.9%) for the overall
period. Staged halo—gravity traction allowed correction
of the scoliotic deformity an average of 37.2%, which
was more than curve flexibility and AVT (26.1 mm);
however, it was limited in correcting global coronal
imbalance. In addition, staged halo—gravity traction
allowed an increase in trunk height and SAL further
after an anterior release (Fig.9). The reason halo—gravity
traction did not affect global coronal imbalance is that
the imbalance was minimal (average 33 + 38.3 mm)
before initial treatment. Perioperative traction permits
most of the correction of the coronal deformity within
the first week and should be applied for at least 3 weeks
to obtain maximum deformity correction before defini-
tive spinal fusion. In our series, the average traction
period was prolonged to more than 60 days by pin-site
problems, various curve flexibility, and optimizing the
general condition of the patients including nutritional
status preceding these major surgical interventions. We
concluded that perioperative halo-gravity traction
improves coronal deformity, trunk height, and lung
volume by expanding the thoracic cage in patients with
severe scoliotic deformity.

Many complications related to halo traction have
been reported. Several authors have reported pin loos-
ening and superficial pin-site infections."*'® For the most
part, infections were limited by cleaning the site regu-
larly and occasionally removing the pin and débriding
the site as necessary."” Several authors have noted deep
intracranial lesions related to halo pins,” in addition to
reports of cranial osteomyelitis and intradural and
extradural infections.” With regard to neurological
complications, several have been reported, such as
paraplegia,® cranial nerve complications®’ and brachial
plexus palsy.” The cranial nerve symptoms were most
frequent in the sixth cranial nerve, occurring less fre-
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quently in the ninth, tenth and twelfth cranial nerves.
These neurological symptoms usually disappeared once
the traction force was released. Several authors reported
loss of cervical lordosis in this form of traction, often
with associated degenerative changes of the cervical
apophyseal joints related to high traction forces or pro-
longed traction periods.”"

In our series, overdistraction was monitored by visu-
alizing the cervical spine on weekly radiographs. In
general, traction did not exceed 50% of the patient’s
body weight, a force much lower than that associated
with halo—pelvic traction. Furthermore, the release of
traction for up to 12 h per day, as well as allowing for
changes in position, removes many of the problems
associated with constant high traction. In the present
study, there were only two cases of pin-site problems
and no neurological complications. The reason for the
small number of complications might be that the sub-
jects did not have severe kyphosis deformity or intra-
spinal lesions such as diastematomyelia and tethered
cord syndrome, which have a potential for spinal cord
impairment with halo traction.

Anterior discectomy and bone graft followed by pos-
terior segmental spinal instrumentation and fusion have
been the general treatment for large idiopathic thoracic
(290°) and stiff (=70° residual side-bending) curves or
those with significant lordotic or hyperkyphotic sagittal
thoracic malalignment. Following long-term usage of
pedicle screws in the lumbar spine, the use of segmental
pedicle screw constructs have been popular even for
severe scoliosis, and we reported better correction rates
and successful outcomes compared with other conven-
tional constructs.”™ One-stage posterior correction
and fusion using segmental pedicle screw constructs
demonstrated similar deformity correction rates, and a
tendency toward lower complications compared with
preliminary anterior release followed by posterior
fusion for scoliosis curves >100°.** We have used this
technique in all patients with severe scoliosis since 2004.
Although the frequency of indication for perioperative
halo—gravity traction has been decreasing since the
introduction of segmental pedicle screw constructs, we
utilize preoperative halo-gravity traction to achieve
gradual and safe correction of severe spinal deformities
and to optimize the overall health and general condition
of these often debilitated patients with rigid curves
>100° (usually <20% flexibility). Although anterior
release followed by staged halo—gravity traction is an
effective treatment for achieving maximum scoliosis
correction before definitive posterior spinal fusion. Phy-
sicians have to consider the negative impact of anterior
procedures through an open thoracotomy on pulmo-
nary function in these patients.””°

One of the limitations of the present study is that
there was no control group to validate the efficacy and
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b c

Fig. 9. A 15-year-old girl had severe
progressive idiopathic scoliosis. a
Preoperative standing radiographs
demonstrate a 149° major curve;
side-bending radiographs demon-
strate 3.4% flexibility. A-P, antero-
posterior; Rt, right; Lt., left; Lat.,
lateral. b Posteroanterior (PA)
radiographs 3 weeks after preopera-
tive halo—gravity traction demon-
strate 10.7% correction of the major
curve. ¢ PA radiographs 8 weeks
after anterior release (eight seg-
ments) and staged halo—gravity trac-
tion demonstrate 33.6% correction
of the major curve. d PA radio-
graphs 3 years after final posterior
fusion from T2 to L3 with T8/9 VCR
demonstrate 66.4% correction of
the major curve to 50°
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safety of perioperative halo—gravity traction for scoli-
otic curves >100°. It is challenging to obtain a compa-
rable control group of these severe types of spinal
deformities. Seller et al.”’” analyzed two groups of severe
neuromuscular spinal deformity patients: one group
(n = 8) with preoperative halo—gravity traction and one
(n = 17) without. After surgery, the average main Cobb
angle decreased 57% (33°-77°) in the non-halo-traction
group and 61% (33°-85°) in the halo-traction group,
respectively. The difference was not significant (P >
0.05). Therefore, they concluded that unless there are
specific indications for halo traction it is not needed as
a standard procedure for neuromuscular deformities.
Sponseller et al.”® reported a similar comparative mul-
ticenter study. They analyzed two groups of severe
spinal deformity patients: one group (n = 30) with pre-
operative halo—gravity traction and one (n =23) without.
There were no statistically significant differences in the
main coronal curve correction rate (62% vs. 59%),
operating time, blood loss, or total complication rate
(27% vs. 52%). However, the nontraction group under-
went vertebral column resection more often (30% vs.
3%, P < 0.05). The traction group had a statistically
significant increase in average hospital stay (36 vs. 14
days) (P < 0.05). Therefore, it might be possible to avoid
more invasive procedures, such as an anterior release
or osteotomy, by using halo—gravity traction. These
studies were, however, limited by their small sample
size and retrospective nature.

Conclusion

Perioperative halo—gravity traction is effective in
improving coronal plane deformity, trunk height, and
lung volume by expanding the thoracic cage in patients
with severe rigid scoliosis. In addition, staged halo-
gravity traction after an anterior release procedure is
more effective for scoliosis correction compared with
preoperative halo—gravity traction alone. Perioperative
traction permits most of the correction of the coronal
deformity within the first week, and should be applied
for at least 3 weeks to obtain maximum deformity cor-
rection before definitive spinal fusion is performed.
In addition, halo-gravity traction is better tolerated
overall, especially by young patients, and does not
require prolonged bed rest or the high forces of halo—-
skeletal traction. Needless to say, surgeons must be
aware of the complications related to halo traction and
should monitor the patient’s neurological status; fur-
thermore, whole spine radiographs should be obtained
regularly during the traction period.
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support of their research for or preparation of this work. The
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