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Abstract

Study design A retrospective review of prospectively collected from patients recruited at a single center.

Purpose To test whether safe and optimal correction can be obtained with preoperative halo-gravity traction and posterior
spinal fusion with adjunctive procedures but without VCR.

Summary and background Posterior vertebral column resection(VCR) is gaining popularity for correction of severe spinal
deformity. However, it is a highly technically demanding procedure with potential risk for complications and neurological
injury.

Methods In total, 72 patients with severe spinal deformity (Cobb angle > 100°) who underwent HGT followed by definitive
PSF with PCO, with or without concave rib osteotomy and thoracoplasty. Demographic and surgical data were collected.
Conventional coronal and sagittal radiographic measurements were obtained pre-traction, post-traction, post-op and at
follow-up to determine the final deformity correction. Postoperative neurological and major complications were reviewed.
We used Chi-square to compare proportion between groups and t test to compare groups in quantitative/ordinal variables.
Results There were 72 patients (35 females, 37 males). The etiology was congenital (21),idiopathic (45), neurofibromatosis
(2) and neuromuscular (4). The mean was: age 18 +4.6 years; duration of HGT 103 +35 days; coronal Cobb angle before
traction 131.5+21.4° vs 92. 4+ 15.9° after HGT (30% correction) and 72.8 + 12.7° after fusion (47% correction); kyphosis
angle before traction 134.7 +32.3° vs 97.1 +22.4° after HGT and 73.7 +21.3° post-fusion. Number of fusion levels 14 + 1;
EBL 17304744 cc; number of PCOs done 5 +2; number of concave rib osteotomies (2 +2). There were 16 patients with
postoperative complications (22.2%), 10 medical, one wound infection, 2 implant related and 3 post-op neuro-deficits (all
of whom recovered at follow-up). There was one death (cardiac arrest).

Conclusion HGT and one-stage posterior fusion with PCO, with or without concave rib resection and thoracoplasty, without
VCR, achieved satisfactory correction of rigid complex spine deformity with minimal neurological complications. The results
compare favorably with previous reports of similar deformities treated with VCR.

Level of Evidence III.

Keywords Severe spinal deformity - Posterior column osteotomy - PVCR - Halo-gravity traction - Neurological
complications
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Introduction

The surgical management of severe spinal deformity is
complex due to the inflexibility of the curves, changes in
the normal anatomy of the spine and adjacent structures
and their impact on lung and neurological function.

In many cases, the past decade, correcting severe spi-
nal deformities required a combined anterior and posterior
approach to the spine. MacLennan in 1922 [1] was the
first to report about vertebrectomy. Later, Bradford and
Boachie-Adjei [2] in 1987 described the combined anterior
and posterior VCR (vertebral column resection) for the
treatment of severe rigid spinal deformity. Suk [3] in 2002
was the first to promote the posterior vertebral column
resection (PVCR) osteotomy. In recent years, after Lenke
et al. [4—6] published their experience using PVCR oste-
otomy for severe deformity correction, it has become pop-
ular as an alternative procedure to the combined approach
because it allows for biplanar correction through a single
posterior approach which thereby decreases comorbidities
associated with the combined approach. A very effective
correction of severe kyphosis or scoliosis, averaging 50%
to 60%, has been reported in several different series [4,
5, 10-13]. However, PVCR is a surgical procedure that
requires great technical skill and is associated with a high
percentage of intraoperative neuro-monitoring alerts and
postoperative neurological complications. The reported
prevalence of overall complications ranges from 40 to 65%
[4, 6,10, 12, 14, 15].

Several previously published studies done at our site [7,
8] have documented the benefits of using halo-gravity trac-
tion preoperatively for rigid spinal deformities to improve
the curve flexibility and reduce complications. The gradual
stretching of the spine through sustained spine traction
with a halo-gravity device allows a gradual modification
of the spatial arrangement of the vertebral bodies in both
the coronal and the sagittal planes. The sustained traction
also allows progressive stretching of the neuro-vascular
structures and minimizes the risk of acute ischemic injury
during surgery. There is also gradual elongation of the
neurological structures, which from our point of view is
“training of the neurological structures” to reduce the risk
of spinal cord injury during the definitive surgical correc-
tion. We hypothesized that by using preoperative HGT, we
could still obtain good correction while avoiding the high
complication rates of PVCR. The aim of our study was
to determine whether preoperative HGT, applied properly
[7] in severe and rigid spinal deformities, followed by a
single posterior instrumented fusion with adjunctive pro-
cedures such as posterior column osteotomies (PCO) and
rib osteotomies, will obtain final curve corrections com-
parable to previously reported series of PVCR. The goal is
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to demonstrate an effective way of attaining adequate cor-
rection in patients with rigid deformity while decreasing
the potential risk of neurological and other complications.

Materials and methods
Clinical and radiographic parameters

Clinical and radiographic data of 72 patients who were
treated at a single center between November 2012 and March
2015 were reviewed. These data had been prospectively
collected as part of a hospital registry of spine deformity
patients. The morphometric variables reviewed included:
age, sex, weight, height and body mass index (BMI). Ris-
ser sign and triradiate cartilage were collected as indirect
measures of skeletal maturity. Other variables evaluated
were: etiology of spine deformity, American Society of
Anesthesiologists (ASA) classification, FOCOS level score
classification [9] pre-traction and post-traction, forced vital
capacity (FVC) and neurological status during pre-traction,
post-traction and post-op period, length in halo-gravity trac-
tion and operating room (OR) time, estimated blood loss
(EBL), number of levels fused, type and number of posterior
column osteotomies and rib resections and complications.
Transcranial motor evoked potential (TcMEP) and soma-
tosensory evoked potentials (SSEP) were performed on all
patients, and intraoperative neuromonitoring (IONM) alerts
were noted for each patient.

Radiographic measurements were taken from 36 inch,
standing anteroposterior and lateral radiographs and were
reviewed pre-traction, immediate post-traction, post-op
and at final follow-up to assess the deformity correction
and complications. The radiological parameters evaluated
were: Cobb angle of major and minor coronal curves and
kyphosis angle, % correction of major, minor coronal curves
and kyphosis post-traction and after surgery, the Harrington
Factor (HF) or DAR (Cobb/n vertebra in the curve) at the
pre-traction and post-traction period of the major, minor and
kyphosis curves and the HF/DAR change.

All patients had MRI and a 3D CT scans performed as
part of the preoperative planning.

SRS 22 questionnaire was used at baseline and at 2-year
follow-up as patient-report outcome measure.

Halo-gravity traction technique

The patients were placed in halo-gravity traction for an aver-
age of three months preoperatively (Figs. 1 and 2). Before
halo application, the patients had their hair washed with dis-
infectant soap and shaved around their pin sites. The four
pins were placed, and a torque wrench was used to tighten
them to 6 to 8 inch-pounds. The two posterior pins were
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Fig. 1 AP and lateral X-rays pre-traction and at final HGT period

Fig.2 AP and lateral view pre-traction and at final HGT period
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placed one centimeter above the pinna of the ears, to avoid
injuring the temporalis muscle or the temporal artery. The
HGT was started at 20% of body weight and increased by
10% per week until 50% of body weight was reached at
the 4th week and maintained thereafter. Patients unable to
tolerate this target remained with less traction weight until
a comfortable threshold was reached and advanced to the
50% body weight target as they became more comfortable.
Traction was maintained full time using a mobile wheel-
chair apparatus, walking frame or bed device except during
meals and personal hygiene. Halo monitoring with pin site
cleaning was performed daily to detect or prevent possible
complications, and pins were torqued weekly by the surgi-
cal team.

Control X-rays are performed every 4 weeks to assess the
degree of correction. A maximum partial correction of about
30-40% can be achieved with HGT, but we often use 30%
correction as our target. About 20% correction is typically
achieved at 4 weeks and approximately 30% correction by
8 or 12 weeks in HGT. If from the first control at 4 weeks,
30% correction is reached, traction may be stopped at that
time. In cases where 20% correction is attained at 4 weeks
HGT with no additional correction at 8 weeks, it is also
considered to have plateaued and traction is discontinued.
In some cases, traction is prolonged after correction has pla-
teaued due to other reasons such as nutritional or pulmonary
function optimization. This is especially the case for mal-
nourished patients who present with severe deformities and
poor pulmonary function.

Surgical technique

The patient was brought into the operating room and placed
under general anesthesia. Pre- and post-positioning baseline
IONM using TcMEP and SSEP was obtained.

IONM recordings were also obtained before and after
intraoperative traction was applied.

To determine the amount of traction used intraoperatively,
the traction achieved preoperatively was equally divided for
the head and the lower extremities.

A conventional posterior midline approach to the spine
was done. Often, the severity of vertebral rotation and
deformation of the ribcage and costotransverse joints on the
convexity made the convex exposure difficult. In such cir-
cumstances a thoracoplasty was performed to facilitate the
exposure of the convexity of the curvature. Following the
exposure, multilevel pedicle screws were placed except on
the more prominent periapical vertebrae. Posterior column
osteotomies were done at the more rigid periapical region of
the main curves utilizing Smith—Petersen or Ponte osteotomy
techniques. Additionally, concave rib osteotomies were done
in cases where there was autofusion of the costovertebral
joints. Once the spine became more flexible, correction
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maneuvers were applied using cantilever, compression over
the convex side and distraction on the concave side and/
or posterolateral translation of the spine using sublaminar
bands or wires. In most cases three- or four-rod constructs
were used to achieve desired balanced correction (Fig. 3).

Statistical analysis

We used the Chi-square test to compare proportions between
groups.

We used Students t tests to compare groups in quantita-
tive/ordinal variables. A P value <0.05 was considered to
indicate statistical significance. Statistical analyses were car-
ried out with STATISTICA v. 7.0 (StatSoft, OK).

Results
Morphometric variables

There were 35 female patients and 37 male patients. The
etiology of spine deformity was idiopathic in 45 patients,
congenital in 21 patients, neuromuscular in 4 patients, and 2
patients had neurofibromatosis. The averages of morphomet-
ric variables were: age 18 +4.6 years, ASA score 3.3+0.7,
weight 37.8 +9.2kgs, height 143.7 + 10 cm, body mass index
(BMI) 18 + 3 kg/m2. Using the FOCOS risk stratification
score’, the average FOCOS level pre-HGT was 4.1 +0.4
and FOCOS level post-HGT was 3.8 +0.4. The average time
spent in halo was 103 + 35 days, and forced vital capacity
(FVC) pre-HGT was 55.9+31.7% (Table 1).

Radiographic measures

The average Risser score was (3.9 +1.7). The triradiate
cartilage was open in 6 patients, closed in 62 patients and
not available in 4 patients. The averages of the variables
measured at pre-traction versus post-traction period were:
major Cobb angle 131 +21.4° degrees vs 92.4 +15.9°, minor
Cobb angle 69.9 +17.6° vs 50.3 +16.7°, kyphosis Cobb
angle 134.7 +32.3° vs 97.1 +22.4°, HF/DAR major Cobb
angle 17.7+3.1 vs 12.2+2.5, HF/DAR minor Cobb angle
12.5+3.8° vs 9.1 +3.2° and HF/DAR kyphosis Cobb angle
17.7+5.8 vs 12.6 +4.6°. The mean time on traction in our
series was 102.5 (42-173) days. The percentage of Cobb
angle correction after traction was: major curve 30+ 11.5%,
minor curve 28.2+17.1% and kyphosis 32.0+ 14.9%.
The percentage of correction of the curve magnitude
after surgery was: major curve 47.5 + 14%, minor curve
39.66 +16.2% and kyphosis 51.2 +18.8% (Table 2 and 3).
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Fig.3 AP and lateral X-rays and AP and lateral views after surgery

Table 1 Demographic and clinical characteristics

Age (years) 18+4.6
Risser 39+1.7
ASA 33+0.7
FOCOS level pre-HGT 41+£04
FOCOS level post-HGT 38+04
Weight (kg) 37.8+9.2
Height (cm) 143.7+10
BMI (kg/m?) 18+3
Length in halo (days) 103 +35

% FVC pre-HGT 55.9+31.7

Surgical parameters

The average length of surgical procedure was 292 +87.8 min,
and the mean number of fusion levels was (14 + 1 levels).
The mean number of SPO/Ponte osteotomies was 5 + 2, the
mean number of concave rib osteotomies was 2 + 2, and the
mean number of convex rib resections was (4 + 1). The aver-
age estimated blood loss was 1730+ 744 ml, and post-op
FVC average was 50+ 2% (Table 4).

Table 2 Major, minor and kyphosis Cobb angle measures, pre- and
post-traction

Traction %Correction p
post-traction
Pre Post
Major Cobb 131.5+214 9244159 30.0+11.5 <0.001
angle n="72 n=>59
Minor Cobb 69.9+17.6 503+16.6 282+17.1 <0.001
angle n=71 n=>58
Kyphosis Cobb  134.7+32.3 97.1+224 32.0+149 <0.001
angle n=72 n=58

The total number of patients with complications was 16
(22.2%)—S8 pts had pulmonary complications (6 pts had a
pleural tear, and 2 pts had respiratory failure), 1 patient had a
wound infection, 2 pts had complications related to implants,
and 2 pts had a cardiac complication (1 pt with tachycardia
and 1 pt had cardiac arrest who eventually died). In total, 40
pts (55.6%) had IONM alerts during surgery and 3 (4.1%)
of those woke up with neurological deficit, but all had com-
pletely recovered at the latest follow-up. No permanent neu-
rological deficit occurred in our series (Table 5).
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Table 3 Major, minor and
kyphosis Cobb angle measures
pre- and post-surgery

Table 4 Surgical characteristics

PRE-traction

Post-op 1st follow-up (%)Correction post-op p

1st follow-up

Major Cobb angle 131.5+214 72.8+12.7 47.5+14.0 <0.001

Minor Cobb angle 69.9+£17.6 41.8+14.9 39.66+16.2 <0.001
n="71 n=68

Kyphosis Cobb angle 134.7+£32.3 73.7+21.3 51.2+18.8 <0.001
n="72 n=68

Length of Surgery (Minutes) 292 +87.8
Estimated Blood Loss (EBL)(cc) 1730+744
EBL% 67 +30
Levels of Fusion 14+1
Smith—Peterson Osteotomy 5+£2
Concave Rib Osteotomy 2+2
Convex Rib Osteotomy 4+1
FVC Post-op% 50x16
Table 5 Description of the complications
Pulmonary—n Pleural Tear 6 8
Respiratory Failure o
Infectious—n Wound infection 1
Related to implants—n Brokenrod (2 'y 1 2
post-op) 1
Prominent implant
(under observa-
tion)
Cardiac—n Tachycardia 1 2
Cardiac Arrest 1
Neurological—n Intraop Cord injury 3 3
Total
post-op
recovery
Total Complications—n (%) 16 (22.2%)
IOM Changes—n 40(55.5%)

n=number of patients

Table 6 Comparisons within
the group between the baseline
and the follow-up period,
including percentage change
from baseline (%A)
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Patient report outcome measures

There was statistically significant improvement in baseline
SRS total scores at 2-year follow-up (p <0.05). There was
statically significant improvement in SRS scores under
function, image, mental and satisfaction domains (p <0.05)
(Table 6).

No significant differences were observed in the baseline
patient characteristics between those followed and those lost
in the follow-up (Table 7 and 8).

Discussion

The surgical management of severe spinal deformity is a
challenge, with considerable technical difficulties especially
in undeveloped countries where the availability of resources
limited. Extreme care must be taken to avoid any eventual
complication, and one needs to be aware of the different sur-
gical alternatives with fewer risk factors in order to achieve
optimal deformity correction with the fewest possible com-
plications. The PVCR osteotomy has been widely used in
the past decade because it provides a reasonable amount
of correction in severe and rigid deformities; however, it is
technically demanding and has a high percentage of neuro-
logical complications.

Several studies have shown a very good percentage of
correction obtained after PVCR. Suk et al. in 2005 [10]
reported their results in a series of patients with severe rigid

SRS-22 scores and radiographic measure- Baseline At 2 years of follow-up A P value
ments at minimum 2-yr follow-up (N=43)
SRS Domains
Function 35407 42+0.6 0.7 <0.001
Pain 4.0+0.7 42+0.7 0.2 0.1178
Image 2.4+0.6 42+0.5 1.8 <0.001
Mental 37+£038 4.1+0.8 04 0.0235
Satisfaction 24+2.1 4.6+0.6 22 <0.001
Total 3.4+05 42+04 0.8 <0.001
Radiographic Measurements
Major Coronal Cobb (deg) 128.8+21.7 703+13.1 <0.001
Major Sagittal Cobb (deg) 133.2+28.5 61.3+19.7 <0.001
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Table 7 Comparison in the baseline patients characteristics between
those followed and those lost in the follow-up

Mean and SD Incomplete follow-up 2-year follow-up p

Age 19.9+5.6 159+2.7 0.01
BMI 19.01+3.0 17.45+2.9 0.9
FVC pre-traction 1.7+0.7 1.6+0.7 0.4
% FVC pre-traction  48.1+20.5 61.5+38.1 0.2
Major Cobb angle  134.1+21.6 129.6 +21.3 0.8
Kyphosis Angle 134.6 £32.1 134.8£32.8 0.9

scoliosis with a preoperative major curve of 109.0° +19.8°
which decreased to 45.6° + 14.8° after surgery, show-
ing a 59% of scoliosis correction. Their patients had an
average minor curve of 59.3°+ 15.2° which decreased to
29.2°4+11.3° (51% of correction) and a preoperative thoracic
kyphosis of 30.7°+40.0° which corrected to 34.4°+12.4°.
Lenke et al. [4] in 2009 reported their results based on 5
diagnosis categories: the kyphoscoliosis group (n=8) had
an average preoperative major curve of 87° and a kyphosis
Cobb angle of 103° and had 54% correction with a PVCR
and the severe scoliosis group (n=2) which had a preop-
erative major curve of 115° corrected to 61° (51% correc-
tion). Later in 2010, the same group [5] reported the results
of a series of 43 patients with similar results—the severe
scoliosis cases obtained a correction rate of 69%, and the
kyphoscoliosis cases (n=14) had 56% of correction. Ozturk
etal. [11] in 2012 reported their results also based on several
categories: the scoliosis group (n=24) had a mean major
curve of 103° which corrected to 39.8° (61.3% of correction)
and the kyphoscoliosis group (n=15) had a preoperative
major Cobb of 110.8* which corrected to 43.9° (60.3% of

correction) and a thoracic kyphosis of 88° which corrected
t0 36.6° (59% of correction).

Xie et al. [12] in 2012 reported a mean correction rate
of 54 +12.2% of the major Cobb angle in a series of 46
patients with severe scoliosis and kyphoscoliosis with an
average preoperative major Cobb angle of 110.1°+18.1°
which decreased to 51°+ 17.3° post-op. Recently, in 2015
[13], the same researchers published their results in a series
of 105 patients with a mean preoperative major Cobb of
108.9° +25.5° which decreased to 37.2°+ 16.8° post-op
and segmental kyphosis of 89.8 +31.1 which decreased to
30.4°+15.3°.

However, despite the excellent results of PVCR osteot-
omy regarding correction of severe and rigid deformities,
the percentage of total complications reported is moderately
high in most series and consists mainly of neurological com-
plications during vertebral resection and correction maneu-
vers. The complications usually involve alteration in the
vascular supply to the cord, cord impingement due to dislo-
cation of the spinal column or over-shortening of the spinal
cord during closure of the vertebrectomy gap and excessive
retraction of nerve roots. Suk et al. [10] reported a 34.3%
overall rate of complications and 17.1% rate of neurologi-
cal complications. Lenke et al. [4] in 2009 reported a 40%
overall rate of complications and 11.4% rate for neurologi-
cal complications. Later, in 2013 Lenke et al. [6] reported
59% overall complications after 147 consecutive PVCR for
severe pediatric deformities; 27% of these were neurological
complications although none had complete permanent para-
plegia. Xie et al. [12] in 2012 reported 64.3% overall compli-
cations and 17.8% neurological complications. Hamzaoglu
et al. [14] reported a 7.8% overall complication rate. Zhang
Tao et al. [15] reported a neurological complication rate of

Table 8 Comparison in the

. . - Percentage Incomplete follow-up 2-year follow-up P
baseline patients characteristics
between those followed and Pre-neurostatus
those lost in the follow-up Abnormal 33.3% (2) 66.7% (4) 0.48
Normal 43.9% (29) 56.1% (37)
Etiology
Congenital 14.3% (3) 85.7% (18) 0.005
Idiopathic 57.8%(26) 42.2% (19)
NF 0% (0) 100% (2)
NM 50% (2) 50% (2)
ASA
3 43.5% (27) 56.5% (35) 0.6
5 40% (4) 60% (6)
FOCOS Level pre-HGT
3 50% (2) 50% (2) 0.9
4 41.4% (24) 58.6% (34)
5 44.4% (4) 55.6% (5)

@ Springer



984

Spine Deformity (2021) 9:977-985

13.6%. Having other surgical options which could achieve
a similar correction of the deformity will allow surgeons to
adopt the best decision in each specific case and also take
into account the surrounding circumstances as well as the
surgical skills of the surgeon and the resources available to
him or her.

In our study, the rate of IONM alerts was high at 55.5%
with 4% transient neurological deficits compared to the
PVCR series. None of our patients had a permanent defi-
cit. The potential factors that could explain the high rate of
IONM alerts include the use of intraoperative traction, the
reversal of which improved some IONM alerts, the applica-
tion of posterior column osteotomies and some of the cor-
rection maneuvers used to obtain curve correction.

A slight diminution of the FVC postoperatively was found
in our series despite the deformity correction. The addition
of rib osteotomies increases curve flexibility and facilitates
the exposure of the convexity of the curvature but could be
associated with worse postoperative pulmonary function.

Our experience with the use of halo-gravity traction
has allowed us an option to obtain gradual correction of
deformity in patients instead of applying abrupt corrective
maneuvers or performing a VCR to obtain an optimal cor-
rection. Moreover, during the preoperative traction period,
some patients improve their respiratory function and even
their baseline neurological state. In this series we observed
two patients who had worsening of their neurological state
when the traction was eliminated and therefore had to be
maintained beyond the plateau period of correction (63 days)
so as to reach a stable neurological status before definitive
surgery [7].

Compared to other reports, in this study we report a large
and homogeneous group of patients with severe kyphosco-
liosis with a higher mean magnitude of the curve in both
the coronal and sagittal planes. In our study the pre-op
mean major Cobb was 131.5°+21.4° which decreased to
72.8°+12.7° at the first post-op follow-up, and the pre-
op kyphosis angle was 134.7°+32.3° which decreased to
73.7°+21.3° at the first post-op follow-up. The final percent-
age of correction achieved was 47.5 + 14.0% in the major
Cobb angle and 51.2 +18.8% in the kyphosis Cobb angle.
These results are comparable to those of VCR, implying
that the judicious use of preoperative HGT, posterior col-
umn osteotomies, concave and/or convex rib osteotomies
and posterior instrumented spinal fusion is a viable and safe
alternative procedure for severe and rigid deformities. This
is even more important for the inexperienced surgeon and in
the setting of limited resource environments.

One limitation of our study is the loss to follow-up for
long-term evaluation. Only 43/72 (60%) patients attained the
minimum 2-year follow-up with an average follow-up being
4 yrs. The remaining have been lost to follow-up. Most of the
lost to follow-up are patients from other African countries
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besides Ghana. Thus, cost of air travel to Ghana for follow-
up can be very challenging for some patients. We biannually
visit these countries for follow-up visits, and this is what has
helped us to attain follow-up in about 60% patients. How-
ever, no significant differences were observed in the baseline
patients characteristics between those followed and those
lost in the follow-up.

The sample size in this series includes 72 patients
selected from a database of consecutively operated patients.
No patient in this series was considered for PVCR. How-
ever, we consider the PVCR as the procedure of choice in
deformities with pure kyphosis that had extremely rigid,
sharp angular curves, in which the apex of the deformity is
rigid and correction cannot be achieved with traction. Thus,
patients with postinfectious kyphosis or congenital causes
are relatively resistant to preoperative HGT and likely will
need a 3-column osteotomy for optimal correction [16].

Conclusion

Preoperative halo-gravity traction and one-stage posterior
fusion with posterior column osteotomies with or with-
out concave rib resection and/or thoracoplasty without
VCR achieved satisfactory correction of rigid complex
spine deformity with minimal neurological complications.
The rate of IONM alerts in the present study was high
(55.5%); however, no permanent post-op neurological defi-
cit occurred. The results compare favorably with previous
reports of similar deformities treated with VCR.
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