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Abstract

Background: Early versions of spinal muscular atrophy (SMA) scoliosis correction surgery often involved sublaminar
devices. Recently, the utilization of pedicle screws has gained much popularity. Pedicle screws are generally believed
to provide additional deformity correction, but pedicle size and rotational deformity limit their application in the
thoracic spine, resulting in a hybrid construct involving pedicle screws and sublaminar wire. Studies of the efficacy of
hybrid instrumentation in SMA scoliosis are often limited by the scarcity of the disease itself. In this study, we aimed
to compare the surgical outcomes between hybrid constructs involving pedicle screws and sublaminar wire and
sublaminar wire alone in patients with SMA scoliosis.

Methods: We retrospectively reviewed the clinical records and radiographic assessments of patients with SMA sco-
liosis who underwent corrective surgery between 1993 and 2017. The radiographic assessments included deformity
correction and progressive changes in the major curve angle, pelvic tilt (PT) and coronal balance (CB). The correction
of deformities was observed postoperatively and at the patient’s 2-year follow-up to test the efficacy of each type of
construct.

Results: Thirty-three patients were included in this study. There were 14 and 19 patients in the wiring and hybrid
construct groups, respectively. The hybrid construct group demonstrated a higher major curve angle correc-

tion (50.5°11.2° vs. 36.4° £ 8.4°, p<0.001), a higher apical vertebral rotation correction (10.6°43.9° vs. 4.8° + 2.6°,
p<0.001), and a reduced progression of the major curve angle at the 2-year follow-up (5.1°£2.9° vs. 8.7°+4.8°,
p<0.001). A moderate correlation was observed between the magnitude of correction of the apical vertebral rotation
angle and the major curve (r=0.528, p =0.002).

Conclusion: This study demonstrated that hybrid instrumentation can provide a greater magnitude of correction in
major curve and apical rotation as well as less major curve progression than sublaminar wire instrumentation alone in
patients with SMA scoliosis. Level of evidence |l
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Introduction

Spinal muscular atrophy (SMA) is an autosomal reces-

sive neuromuscular disease characterized by a progres-
;correspondence: fthuang@kmu.edu.tw sive course of muscular weakness and atrophy. Scoliosis
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the severity of SMA. Individuals with type 1 or type 2
SMA almost always present with scoliosis, while only
approximately 50% of individuals are affected in type 3
SMA [1].

The deformities involved are often located in both the
thoracic and lumbar spine, with a collapsing “C”-shaped
curve with associated obliquity of the pelvis [2, 3]. Loss of
coronal and sagittal balance makes it difficult to maintain
an upright posture, and the rapid deterioration of pulmo-
nary function greatly affects the quality of life for both
the patient and the caregiver [3]. Conservative manage-
ment with bracing is rarely used as a definitive treatment
because of its minimal efficacy and potential constrictive
effects on the already compromised respiratory system
[4]. Surgical treatment is usually indicated in the early
stage of life, even before skeletal maturity, to control the
progression of the deformity and to preserve cardiopul-
monary function [5, 6].

Surgical correction of neuromuscular scoliosis was
first performed through Harrington’s distraction rod,
and there has been considerable advancement since then
[7]. Modern scoliosis surgeries are mostly based on the
concept of segmental instrumentation and fusion, as
described by Luque, and are used in combination with
various pelvic fixations [2, 8, 9]. Early versions of poste-
rior instrumentation often involved the use of sublaminar
devices, e.g., wires, bands, and hooks. Recent iterations
often involve pedicle screws in place of or in combination
with wiring for segmental fixation [9, 10]. The kickstand
rod technique emerged as an intelligent way to achieve
correction in both the coronal and sagittal planes in adult
spinal deformities [11].

There are few comparative studies on the surgical out-
comes of neuromuscular scoliosis surgery [9, 10, 12—14].
Reportedly, the full pedicle screw method provides bet-
ter correction of the major curve than the hybrid method
in scoliosis surgery for cerebral palsy patients [10]. Com-
parable surgical results between sublaminar wire, hybrid
and pedicle screw methods in scoliotic surgery for cer-
ebral palsy and Duchenne muscular dystrophy patients
have also been reported [9, 12, 14]. However, studies
comparing deformity correction in SMA using different
methods remain scarce. In this study, we aimed to retro-
spectively compare the clinical and radiological outcomes
of sublaminar wires and those of hybrid constructs con-
sisting of pedicle screws and sublaminar wires in patients
with SMA undergoing surgery for scoliosis.

Methods

Participants

After Institutional Review Board approval was obtained,
the medical records and radiographic assessments of
patients with SMA scoliosis who underwent surgical
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correction using either total sublaminar wire constructs
or hybrid constructs including sublaminar wire in the
high thoracic spine and pedicle screws in the low tho-
racic and lumbar spine between 1993 and 2017 were
retrospectively analysed by two paediatric orthopaedic
surgeons. For all patients, the diagnosis of SMA and the
associated neuromuscular scoliosis was confirmed based
on clinical manifestations and radiographic examinations
by paediatric neurologists. All surgeries were performed
by the same paediatric orthopaedic surgeon.

Surgical procedure

The surgical indications for SMA scoliosis include pul-
monary function deterioration, progressive scoliosis
(major curve angle >40°), and difficulty sitting. All the
reviewed patients underwent surgery using a segmental
spinal construct either with the total sublaminar wire
construct or with the hybrid construct (sublaminar wire
and pedicle screw) as described in our previous report
[6]. The construct extended from T2 or T3 to the sacrum,
and the Galveston pelvic fixation technique was used in
all cases [6]. In the hybrid construct group, the insertion
of pedicle screws was attempted until the pedicle size
reached the screw limit. Cross-link systems were used for
augmentation in every case. Pedicle screws were inserted
into the apical vertebrae if feasible.

Postoperative course

Every patient was transferred to the paediatric intensive
care unit for intensive care by a paediatric cardiopul-
monologist immediately after the surgery. Patients were
observed for 24h after extubation and then transferred
to the general ward for further postoperative care and
rehabilitation. Boston braces were used for at least three
months to support successful bone fusion. Once bone
fusion occurred, especially in the lumbar-pelvic area,
bracing was no longer recommended.

Assessments

Radiographic parameters, including major curve angle,
pelvic tilt (PT), and coronal balance (CB), were meas-
ured using Cobb’s method and our previously described
method on anteroposterior and lateral sitting radio-
graphs of the entire spine [15]. Radiographic parameters
from preoperative, postoperative, and 2-year follow-up
radiographs were measured and recorded.

To obtain a unified assessment of apical vertebral rota-
tion across all enrolled patients, the rotation angle of the
apex vertebra on the transverse plane was calculated with
the method developed by Chi et al. using anterior-pos-
terior X-ray images [16]. The surgical time was defined
as the time from skin incision to completion of wound
closure. Complications, including stroke, deep vein
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thrombosis, pulmonary complications, and renal failure,
were also recorded.

Statistical analysis

Descriptive analyses were performed for each parameter.
The Wilcoxon test was used to compare the demographic
profiles, surgical parameters, and radiological profiles.
Pearson correlation analysis was performed between the
amount of correction for each pair of radiological pro-
files, and their corresponding correlation coefficient (r)
was calculated. All analyses were performed with the
Statistical Package for the Social Sciences (version 19.0,
SPSS, Inc., Chicago, IL).

Results

Thirty-three patients were enrolled in this study. There
were 14 and 19 patients in the sublaminar wire group and
the hybrid instrumentation group, respectively. There
was no significant difference between the two groups
in terms of demographic data (Table 1) or preoperative
radiographic parameters (Table 2). There were 10 (71%)
SMA II and 4 (29%) SMA III patients in the sublami-
nar wire group and 12 (63%) SMA II and 7 (37%) SMA
III patients in the hybrid instrumentation group. In the
hybrid instrument group, sublaminar wires were mostly
used in the high thoracic vertebrae due to the limitations
of the pedicle size, and lumbar or thoracolumbar pedicle
screws were applied if feasible (Fig. 1).

The radiographic results are shown in Table 2. The cor-
rection of the major curve was significantly better in the
hybrid instrumentation group than in the sublaminar
wire group (50.5°+11.2° vs. 36.4°+8.4°, p<0.001). The
correction magnitude of the PT was higher for the hybrid
construct group but not to a statistically significant
degree (9.2°+7.3° vs. 5.1°+4.3°, p=10.073). There was no
significant difference in CB correction between the two
groups (p=0.674). The hybrid constructs not only pro-
vided a better correction to the major curve immediately

Table 1 Demographic profiles of patients with SMA undergoing
instrumentation and fusion

Sublaminar  Hybrid (h=19) Pvalue
wire (n=14)
Demographic profile
Male: Female 9:5 10:9 0.723
SMA1I: SMATII 104 12:7 0.719
Age (years) 145455 145494 0.981
Height (cm) 1442+£11.1 151.7£124 0.101
Weight (kg) 325494 420+£145 0.058
Operation duration (hours) 83414 9.1+£15 0.109

All data are presented as the mean + standard deviation
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Table 2 Radiographic parameters of patients with SMA

undergoing instrumentation and fusion

Sublaminar Hybrid (n=19) P value

wire (n=14)
Major curve angle
Preoperative (°) 588+186  69.8+19.0 0.107
Postoperative (°) 2244134 1934125 0.491
Correction (°) 364484 5054+11.2 <0.001*
Correction (%) 63.8+11.7 7414105 0.013*
2-year follow-up 31.1£173 2594142 0.347
Major curve progression (°) 8.7+48 51+£29 0.011*
Pelvic tilt (°)
Preoperative (°) 10.7+6.8 159496 0.092
Postoperative (°) 56+35 6.7+44 0432
Correction (°) 51+43 92+73 0.073
Correction (%) 452+£19.2 5584207 0.146
2-year follow-up 70443 82451 0.469
Pelvic tilt progression (°) 14412 15£12 0.833
Coronal balance (cm)
Preoperative (°) 54428 52422 0.897
Postoperative (°) 26+18 22409 0474
Correction (°) 28+19 30+17 0.674
Correction (%) 50.8+21.6 530+17.8 0.756
2-year follow-up 31+£20 29+11 0.657
Coronal balance progres- 05+03 0.7+£04 0355

sion (°)

All data are presented as the mean = standard deviation

after surgery but also had a lower rate of scoliosis pro-
gression at the 2-year follow-up (5.1°+2.9° vs. 8.7° £ 4.8°,
p=0.011). The progression in the PT and the CB were
similar in both groups at the 2-year follow-up (p=0.833
and p=0.355, respectively).

The most common level of the apical vertebra in both
groups was the L1 vertebra, followed by the L2 vertebra
(Table 3). No significant difference was noted between
the amounts of apical vertebral rotation before the index
surgery of the two groups. The hybrid instrumentation
provided a significantly greater magnitude of transverse
rotation correction than the sublaminar wire (10.6°£3.9°
vs. 4.8°+2.6°, p<0.001) (Table 3). Comparing the surgical
outcome of patients who received pedicle screw place-
ment in the apical vertebra (9 cases) and those without
apical screw placement (10 cases) in the hybrid instru-
mentation group, there was no significant difference in
the magnitude of correction (e.g., major curve, PT, and
CB) between subgroups (Supplementary Table S1).

Correlations between each of the abovementioned radi-
ological parameters were performed using Pearson cor-
relation analysis. A moderate correlation was observed
between the magnitude of correction of the apical ver-
tebral rotation angle and the major curve (r=0.528,
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Postoperative Two-year follow

construct and (B) total sublaminar wire construct

Rreoperative Pastopera Two-yeanfollow
L 3 s 3 % R,

Fig. 1 Representative preoperative, postoperative and two-year follow-up anterior-posterior radiographs of patients who received the (A) hybrid

Table 3 Apical vertebral distribution and apical vertebral
rotation angle of patients with SMA undergoing instrumentation
and fusion

Sublaminar Hybrid (n=19) P value
wire (n=14)
Apical vertebral location: L1:8 T9:1
number of patients 12:6 T11:1
L1:14
L2:3
Apical vertebral rotation
angle
Preoperative (°) 18.14+6.6 188457 0.756
Postoperative (°) 13.3£56 8.2+4.1 0.005
Correction (°) 48426 106+3.9 <0.001
Correction (%) 28.1£13.1 576+£175 <0.001

All data are presented as the mean + standard deviation

Table 4 Pearson correlation analysis between the magnitudes of
correction of radiological parameters

AVRA  Majorcurve  Pelvictilt  Coronary
balance
AVRA 1
Major curve 0.528 1
Pelvic tilt 0.119 0330 1
Coronary balance  0.113 0.193 —0.005 1

AVRA apical vertebral rotation angle

p=0.002) (Table 4). A very weak level of correlation was
found between the other radiological parameters. Specif-
ically, the correlation coefficient suggests little to no cor-
relation between the PT and CB.

During the follow-up, one patient developed pseu-
doarthrosis, and cephalad wire migration was found in

three patients. Iliac bone osteolysis was initially noted in
most patients, which might have been due to the enlarg-
ing procedure for rod insertion or a windshield wiper
motion of the rod. Solid bone formation was achieved in
all patients in their later follow-ups.

Discussion

In this study, we demonstrated that the hybrid constructs
can provide better correction power for the major curve
angle and apical vertebral rotation as well as a lower rate
of major curve progression at the 2-year follow-up than
sublaminar wiring. This could be largely related to the 3
column fixation and increased derotation ability of the
pedicle screws in hybrid instrumentation relative to the
sublaminar wires [17], which provide mostly coronal
plane correction and a very limited ability to fixate length
and derotate. To the best of our knowledge, this is the
largest cohort study solely focused on patients with SMA
that demonstrated the advantage of hybrid instrumenta-
tion over sublaminar wiring in SMA scoliosis correction.
Although there are limited studies on SMA scoliosis cor-
rection, comparative studies between the sublaminar
wire and hybrid instrumentation for other neuromus-
cular scoliosis corrections also indicated similar results
(Table 5) [9, 10, 12-14]. In studies of cerebral palsy
patients [9, 10, 12], pedicle screw constructs achieved
shorter surgical times and intraoperative blood loss
amounts but better major curve correction than hybrid
constructs. Using sublaminar bands in the hybrid con-
struct helped achieve similar correction rate outcomes to
those of all-pedicle screw constructs. Arun et al. reported
that there were similar clinical and radiographic out-
comes in Duchenne muscular dystrophy scoliosis sur-
gery between sublaminar wire, hybrid and pedicle screw
constructs, but a longer operating time and more blood



Page 5 of 8

(2021) 22:867

Chou et al. BMC Musculoskelet Disord

Ma12s 3JIpad pue pueq Jeujwe|qns ,

AydonsAp Jejnasnw suuaysng gwa ‘payidads 1ou p ‘Asjed |eigaiad ¢) ‘Aydosre Jejndsnw [eurds yys :suoneirIqqy

S1ONJISUOD
M35 3JpIpad-|je 011u3)|
-eAINDD SUOND21I0D ASIYD.
UBD 1DNJISUOD PLUGAY e Ul
paz1j1iin spueq Jeuiwe|gng

6¢

M31Ds 3dIpad
“SA LUOIBIUSWINIISUI PUGAH

9AIND Jofew sy}

JO UOND81I0D 1537 BY1 pue
$SO| POO|q 15e3| Y1 ‘Saui}
Bunesado 1s9110ys ay1
pey dnoib maids spIpad

239
MaIDs 3|dIpad
"SA UOI1RIUSWINIISUl PUgAH

‘dnoib

SUIM Jeujwe|gns ayj ul
SSO| POO|q 240W pue

awi bunelado Jsbuo
‘SPOYIaW ||e 1oy dn moj|04
Wi91-buo| 01 -Wnipawi
BulNp synsai a|geieduwod)

¥9s
Ma125 321pad 'SA
PUGAY "SA 24IM Jeulule|gns

001 Ueyy J1ea1b

S9AIND DII01|0DS Ul U0
-sueJ} [eIga1IaA [edide ay}
JO UOJ1231102 JO JUNoWe
15918316 941 pUE U0
-10D JO $SO| 159||ews Y3
‘3181 UON1D31102 15218316
SU3 peY sMa1ds 3Ipad

87

MIDS 3DIpad SA MIIDS
1O1ISIUB "SA YOOY “SA DIIM

(UIDISAS Jaysy
-B|0S|/U01SaARD-anbNT) ‘dnoub uoney
SPOYISW UOIBXY OM1 3yl  -USWNsul pugAy ur uon
U99M13Q $2JIeUUONSIND  -D31102 SAIND Jofew JO SO
A1010BSIIES PUE S NS3l SS9 PUE SS0| POO|q SSI)
[eo1buns s|qesedwod "UOI1D91I0D SAIND 191199

SISO1|0DS JR|NISNUIOI
-NdU UO WOdINO [2216ING

(syauowl)

6T I dn mojjoy abelany

UOIRIUSWINIISUI UOIIRIUSWINAISUI ubisep

PUQJAY "SA 21IM JRUILIRIGNS  PLIGAY "SA 21IM JeUIWe|gNS Apnis

(Z1)dd (1€)dD (ev) AWa (N)N (D) dd (€€) VWS (u) uonejndod Jofey
6c 99 € 144 4] €¢ S95BD 'ON
[6]°1e 33 Maq|y [0L]°1e 1o eI\ [FL]"1e 39 unuy [€L]°1e 39 aqeuelep [zL]°1e 19 sswwipm Apn3s yuauind

$ISOI|0DS JR[NJSNUIOINSU JO UONDS4I0D [eD16INS 341 UO S3IpN1s aAieledwo)) § ajqeL



Chou et al. BMC Musculoskelet Disord (2021) 22:867

loss were reported in the sublaminar wire group [14].
Moreover, the authors emphasized the importance of
early detection of curves and the need for early surgery to
prevent extended instrumentation use and intraoperative
complications.

The value of hybrid instrumentation with sublami-
nar wiring in the thoracic spine is unique for paediatric
scoliosis correction, especially in the Asian population.
Total pedicle screw instrumentation and fusion is cur-
rently a mainstay treatment in scoliosis surgery. However,
Asians have been demonstrated to have a smaller pedi-
cle diameter (T4 vertebral, 2.9+ 1mm) than the Cauca-
sian population (T5 vertebral, 4.7 mm) [18, 19], with the
mean pedicle size from T3 to T9 below 4mm. In addi-
tion, poor nutritional status in combination with the fact
that most neuromuscular scoliosis patients receive surgi-
cal intervention during early adolescence further limits
the size of the pedicle and increases the difficulty of pedi-
cle screw insertion. Inserting pedicle screws in the upper
thoracic spine is not only technically demanding but also
increases the risk of neurovascular complications [14].
Moreover, the low bone mineral density of patients with
SMA is another potential risk for breaching the corti-
cal wall during pedicle screw placement [20], which may
result in early internal fixation failure and nerve injury
[21, 22]. On the other hand, hybrid instrumentation has
been shown to provide correction power comparable
to total pedicle screw instrumentation for other flaccid
types of neuromuscular scoliosis [9, 14]. Similar results
have also been reported between other hybrid instru-
mentations and total pedicle screw instrumentation in
patients with adolescent idiopathic scoliosis [23-25].
These results suggest that hybrid instruments could be
a possible alternative for ethnic groups with a smaller
build if total pedicle instrumentation and fusion are not
feasible.

Throughout our study, all our patients underwent
the Galveston procedure for pelvic fixation, and the
magnitude of PT correction and the correction main-
tained were similar across different groups. The Galves-
ton procedure provided superior resistance to flexion
forces and can achieve a fusion rate between 88 and
95% [26, 27]. Its low instrument profile provides the
additional benefit of a lower chance of wound dehis-
cence [26]. Recently, its application has decreased
because of its technical difficulty and the popularity of
other spinopelvic fixation techniques, e.g., iliac screws
and S2-alar-iliac screws. Despite its decreased popular-
ity, the Galveston procedure has been shown to pro-
vide greater pullout strength [28] and a similar wound
complication rate with respect to iliac screws [29],
thus remaining the method of choice in our institution.
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Coronal balance is strongly related to postoperative
pain, disability and functional outcome [30]. In our
study, both groups of patients underwent segmental
fixation with two-rod methods and obtained good cor-
rection in the coronal plane. The implantation of sup-
plementary rods, called kickstands, is an innovative
method that provides powerful tridimensional forces,
allowing for coronal and sagittal imbalance correction
in spine deformity patients [11].

All patients in this series received one-stage posterior
instrumented correction surgery instead of an extra
anterior procedure. This uniform posterior approach
avoided the comorbidities of the anterior procedure,
and the creation of a single skin scar can help produce
to a greater aesthetic outcome [31]. From our previous
study, we observed that patients who underwent cor-
rection surgery obtained good sitting balance and tol-
erance [6]. Pulmonary function was maintained after
surgery during long-term postoperative follow-up.
Therefore, early detection of severe scoliotic curves in
SMA patients or even in patients with rare syndromic
diseases such as Kleefstra syndrome [32] is impor-
tant because surgery for spine deformities could help
improve their posture and improve the quality of life.

Our results showed a moderate correlation between
the correction of the major curve angle and apical ver-
tebra derotation in patients who underwent SMA sco-
liosis correction. Derotation manoeuvres were found
to result in greater major curve correction in adoles-
cent idiopathic scoliosis, but the correlation between
coronal correction and apical vertebral derotation has
not been reported [33, 34]. Comparable surgical out-
comes were noted between patients who received api-
cal pedicle screws and those who did not in our study.
This suggests that apical derotation can be achieved
with periapical instrumentation and that apical screws
are not necessary for the construct, as previous stud-
ies demonstrated that concave apical screws were not
related to additional correction power [24, 35].

The limitations of this study included its limited sam-
ple size due to the scarcity of the disease itself. Addi-
tionally, some of our medical records dated back to
more than two decades ago, when computed tomogra-
phy was not included as the routine imaging modality
for scoliosis surgery. This limits our ability to deter-
mine the rotational deformity of each vertebral body.
The surgical techniques have been modified and have
evolved over time, which increased the heterogeneity
of the correction results. Nevertheless, this study pro-
vided a good demonstration of major curve correction
and derotation with hybrid constructs in scoliosis sur-
gery for patients with SMA.
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Conclusion

In this study, we demonstrated that hybrid instrumen-
tation can provide a greater magnitude of major curve
correction and better correction maintenance than sub-
laminar wire instrumentation in patients with SMA
scoliosis. Given the limitation of pedicle diameter and
vertebral rotation, hybrid constructs can serve as an
alternative surgical intervention for patients with SMA
undergoing scoliosis corrective surgery.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512891-021-04737-0.

[ Additional file 1. }

Authors’ contributions

Category 1. Conception and design of study: Y.C. Tien, and H.T. Huang.
Acquisition of data: S.H. Chou, WW. Li, CC. Ly, K.L. Lin, and PC. Shen.

Analysis and/or interpretation of data: S.H. Chou, WW. Li, C.C. Lu.

Category 2. Drafting the manuscript: S.H. Chou, WW. Li, and S.Y. Lin.

Revising the manuscript critically for important intellectual content: S.H. Chou,
WW. Li, C.C. Ly, KL. Lin, S.Y. Lin, PC. Shen, Y.C. Tien, and H.T. Huang.

Category 3. Final approval of the version to be published and agreement to be
accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately investigated
and resolved: S.H. Chou, WW. Li, CC. Lu, K.L. Lin, S.Y. Lin, PC. Shen, Y.C. Tien, and
H.T. Huang.

Funding

This study was supported in part by grants from Kaohsiung Medical University
(KMUH106-6 M41). The funding agencies had no role in the study design,

data collection and analysis, decision to publish, or the preparation of the
manuscript.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due to privacy/ethical restrictions but are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board (IRB) of Kaohsi-
ung Medical University Hospital (KMUHIRB-E(1)-20190144). Written informed
consents were waivered by the Institutional Review Board (IRB) of Kaohsiung
Medical University Hospital (KMUHIRB-E(I)-20190144). All methods were car-
ried out in accordance with relevant guidelines and regulations.

Consent for publication
No identifiable images or details on individuals are reported within the
manuscript.

Competing interests
The authors declare that they have no conflict of interest.

Author details

'Department of Orthopaedic Surgery, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung, Taiwan. “Orthopaedic Research
Center, Kaohsiung Medical University, Kaohsiung, Taiwan. >Regeneration
Medicine and Cell Therapy Research Center, Kaohsiung Medical University,
Kaohsiung, Taiwan. “Departments of Orthopedics, School of Medicine, College
of Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan. 5Depar‘[ment
of Orthopaedics, Kachsiung Municipal Siaogang Hospital, Kaohsiung Medical

Page 7 of 8

University, Kaohsiung, Taiwan. *Department of Obstetrics and Gynecol-

ogy, Kaohsiung Medical University Hospital, Kaohsiung Medical University,
Kaohsiung, Taiwan. ’Department of Obstetrics and Gynecology, School

of Medicine, College of Medicine, Kaohsiung Medical University, Kaohsiung,
Taiwan. ®Department of Orthopedics, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung, No. 100, Shiquan 1st Rd., Sanmin
Dist,, Kaohsiung City, Taiwan.

Received: 9 June 2021 Accepted: 20 September 2021
Published online: 11 October 2021

References

1. Evans GA, Drennan JC, Russman BS. Functional classification and ortho-
paedic management of spinal muscular atrophy. J Bone Joint Surg Br.
1981;63b(4):516-22.

2. Mehta J, Gibson M. The treatment of neuromuscular scoliosis. Curr
Orthop. 2003;17(4):313-21.

3. Fujak A, Raab W, Schuh A, Richter S, Forst R, Forst J. Natural course of
scoliosis in proximal spinal muscular atrophy type Il and llla: descriptive
clinical study with retrospective data collection of 126 patients. BMC
Musculoskelet Disord. 2013;14:283.

4. Murphy RF, Mooney JF 3rd. Current concepts in neuromuscular scoliosis.
Curr Rev Musculoskelet Med. 2019;12(2):220-7.

5. Chandran S, McCarthy J, Noonan K, Mann D, Nemeth B, Guiliani T.

Early treatment of scoliosis with growing rods in children with severe
spinal muscular atrophy: a preliminary report. J Pediatr Orthop.
2011;31(4):450-4.

6. Chou SH, Lin GT, Shen PC, Lue YJ, Lu CC, Tien YC, et al. The effect of
scoliosis surgery on pulmonary function in spinal muscular atrophy type
Il patients. Eur Spine J. 2017;26(6):1721-31.

7. Harrington PR. Treatment of scoliosis: correction and internal fixation by
spine instrumentation. JBJS. 1962;44(4):591-634.

8. LUQUE ER. The anatomic basis and development of segmental spinal
instrumentation. Spine. 1982;7(3):256-9.

9. Albert MC, LaFleur BC. Hybrid fixation with sublaminar polyester bands
in the treatment of neuromuscular scoliosis: a comparative analysis. J
Pediatr Orthop. 2015,35(2):172-7.

10. Mattila M, Jalanko T, Puisto V, Pajulo O, Helenius IJ. Hybrid versus total
pedicle screw instrumentation in patients undergoing surgery for neu-
romuscular scoliosis: a comparative study with matched cohorts. J Bone
Joint Surg Br. 2012;94(10):1393-8.

11. Proietti L, Perna A, Velluto C, Smakaj A, Bocchi MB, Fumo C, et al. Correc-
tion of a severe coronal malalignment in adult spinal deformity using the
"kickstand rod" technique as primary surgery. J Orthop. 2021,25:252-8.

12. Wimmer C, Wallnofer P, Walochnik N, Krismer M, Saraph V. Comparative
evaluation of Luque and isola instrumentation for treatment of neuro-
muscular scoliosis. Clin Orthop Relat Res. 2005;439:181-92.

13. Watanabe K, Lenke LG, Bridwell KH, Kim YJ, Watanabe K, Kim YW, et al.
Comparison of radiographic outcomes for the treatment of scoliotic
curves greater than 100 degrees: wires versus hooks versus screws. Spine
(Phila Pa 1976). 2008;33(10):1084-92.

14. Arun R, Srinivas S, Mehdian S. Scoliosis in Duchenne’s muscular
dystrophy: a changing trend in surgical management. Eur Spine J.
2010;19(3):376-83.

15. Kuklo TR, Potter BK, Polly DW Jr, O'Brien MF, Schroeder TM, Lenke LG. Reli-
ability analysis for manual adolescent idiopathic scoliosis measurements.
Spine (Phila Pa 1976). 2005;30(4):444-54.

16. Chi WM, Cheng CW, Yeh WC, Chuang SC, Chang TS, Chen JH. Vertebral
axial rotation measurement method. Comput Methods Prog Biomed.
2006;81(1):8-17.

17. Hitchon PW, Brenton MD, Black AG, From A, Harrod JS, Barry C, et al.

In vitro biomechanical comparison of pedicle screws, sublaminar hooks,
and sublaminar cables. J Neurosurg. 2003;99(1 Suppl):104-9.

18. Zindrick MR, Wiltse LL, Doornik A, Widell EH, Knight GW, Patwardhan AG,
et al. Analysis of the morphometric characteristics of the thoracic and
lumbar pedicles. Spine (Phila Pa 1976). 1987;12(2):160-6.

19. Soh TLT, Kho KC, Lim ZK, Tandon AA, Kaliya-Perumal AK, Oh JY. Mor-
phological parameters of the thoracic pedicle in an Asian population: a


https://doi.org/10.1186/s12891-021-04737-0
https://doi.org/10.1186/s12891-021-04737-0

Chou et al. BMC Musculoskelet Disord

20.

21.

22.

23.

24.

25.

26.

27.

(2021) 22:867

magnetic resonance imaging-based study of 3324 pedicles. Global Spine
J.2020;2192568220906137.

Wasserman HM, Hornung LN, Stenger PJ, Rutter MM, Wong BL, Rybalsky
|, et al. Low bone mineral density and fractures are highly prevalent in
pediatric patients with spinal muscular atrophy regardless of disease
severity. Neuromuscul Disord. 2017,27(4):331-7.

Feng S, Tian W, Sun'Y, Liu Y, Wei Y. Effect of robot-assisted surgery on lum-
bar pedicle screw internal fixation in patients with osteoporosis. World
Neurosurg. 2019;125:e1057-62.

Rometsch E, Spruit M, Zigler JE, Menon VK, Ouellet JA, Mazel C, et al.
Screw-related complications after instrumentation of the osteoporotic
spine: a systematic literature review with Meta-analysis. Global Spine J.
2020;10(1):69-88.

VoraV, Crawford A, Babekhir N, Boachie-Adjei O, Lenke L, Peskin M, et al.
A pedicle screw construct gives an enhanced posterior correction of
adolescent idiopathic scoliosis when compared with other constructs:
myth or reality. Spine (Phila Pa 1976). 2007,32(17):1869-74.

Cheng I, KimY, Gupta MC, Bridwell KH, Hurford RK, Lee SS, et al. Apical
sublaminar wires versus pedicle screws--which provides better results
for surgical correction of adolescent idiopathic scoliosis? Spine (Phila Pa
1976). 2005;30(18):2104-12.

KimYJ, Lenke LG, Cho SK, Bridwell KH, Sides B, Blanke K. Comparative
analysis of pedicle screw versus hook instrumentation in posterior
spinal fusion of adolescent idiopathic scoliosis. Spine (Phila Pa 1976).
2004;29(18):2040-8.

Dayer R, Ouellet JA, Saran N. Pelvic fixation for neuromuscular scoliosis
deformity correction. Curr Rev Musculoskelet Med. 2012;5(2):91-101.
Jain A, Hassanzadeh H, Strike SA, Menga EN, Sponseller PD, Kebaish KM.
Pelvic fixation in adult and pediatric spine surgery: historical perspective,
indications, and techniques: AAOS exhibit selection. J Bone Joint Surg
Am. 2015;97(18):1521-8.

29.

30.

31

32.

33

34.

35.

Page 8 of 8

Camp JF, Caudle R, Ashmun RD, Roach J. Immediate complications of
Cotrel-Dubousset instrumentation to the sacro-pelvis. A clinical and
biomechanical study. Spine (Phila Pa 1976). 1990;15(9):932-41.

Peelle MW, Lenke LG, Bridwell KH, Sides B. Comparison of pelvic fixation
techniques in neuromuscular spinal deformity correction: Galves-

ton rod versus iliac and lumbosacral screws. Spine (Phila Pa 1976).
2006;31(20):2392-8 discussion 2399.

Ploumis A, Simpson AK, Cha TD, Herzog JP, Wood KB. Coronal spinal
balance in adult spine deformity patients with long spinal fusions: a mini-
mum 2- to 5-year follow-up study. J Spinal Disord Tech. 2015;28(9):341-7.
Ricciardi L, Sturiale CL, Pucci R, Reale G, StifanoV, Izzo A, et al. Patient-
oriented aesthetic outcome after lumbar spine surgery: a 1-year follow-
up prospective observational study comparing minimally invasive and
standard open procedures. World Neurosurg. 2019;122:e1041-6.

Perna A, Bocchi MB, Proietti L. Posterior thoracolumbar fusion in a patient
with Kleefstra syndrome related scoliosis: the first case reported. J Clin
Orthop Trauma. 2020;11(5):956-60.

Di Silvestre M, Lolli F, Bakaloudis G, Maredi E, Vommaro F, Pastorelli F.
Apical vertebral derotation in the posterior treatment of adolescent idi-
opathic scoliosis: myth or reality? Eur Spine J. 2013;22(2):313-23.
Urbanski W, Wolanczyk MJ, Jurasz W, Kulej M, Morasiewicz P, Dragan SL,
et al. The impact of direct vertebral rotation (DVR) on radiographic out-
come in surgical correction of idiopathic scoliosis. Arch Orthop Trauma
Surg. 2017;137(7):879-85.

Pithwa YK. Do pedicle screws in concave apex of scoliosis offer any
advantages? Asian Spine J. 2018;12(3):563-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Hybrid versus total sublaminar wires in patients with spinal muscular atrophy undergoing scoliosis surgery
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Participants
	Surgical procedure
	Postoperative course
	Assessments
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


