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Abstract

Purpose Coronal malalignment (CM) is a challenging spinal deformity to treat. The kickstand rod (KR) technique is power-
ful for correcting truncal shift. This study tested the hypothesis that the KR technique provides superior coronal alignment
correction in adult deformity compared with traditional rod techniques.

Methods A retrospective evaluation of a prospectively collected multicenter database was performed. A 2:1 matched cohort
of non-KR accessory rod and KR patients was planned based on preoperative coronal balance distance (CBD) and a vector
of global shift. Patients were subgrouped according to CM classification with a 30-mm CBD threshold defining CM, and
comparisons of surgical and clinical outcomes among groups was performed.

Results Twenty-one patients with preoperative CM treated with a KR were matched to 36 controls. KR-treated patients had
improved CBD compared with controls (18 vs. 35 mm, P <0.01). The postoperative CBD did not result in clinical differ-
ences between groups in patient-reported outcomes (P >0.09). Eight (38%) of 21 KR patients and 12 (33%) of 36 control
patients with preoperative CM had persistent postoperative CM (P =0.72). CM class did not significantly affect the likeli-
hood of treatment failure (postoperative CBD > 30 mm) in the KR cohort (P=0.70), the control cohort (P=0.35), or the
overall population (P=0.31).

Conclusions Application of the KR technique to coronal spinal deformity in adults allows for successful treatment of CM.
Compared to traditional rod techniques, the use of KRs did not improve clinical outcome measures 1 year after spinal deform-
ity surgery but was associated with better postoperative coronal alignment.
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C7PL C7 plumb line SRS-22  Scoliosis Research Society 22

CBD Coronal balance distance SVA Sagittal vertical axis
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Introduction

Coronal malalignment (CM) is defined as the lateral dis-
placement of the C7 plumb line (C7PL) from the central
sacral vertebral line on standing radiographs [1]. More
recently, Bao et al. [2] defined CM subtypes according
to the direction of the coronal shift and defined CM as a
minimum 3-cm shift. Compensatory mechanisms in the
presence of CM are limited, and CM may contribute to
worse surgical outcomes [3]. Recent studies established
the difficulty in correcting CM. In a study by Ploumis et al.
[4], CM was not corrected by surgery in 17% of 11 cases,
and another 17% of 45 patients without preoperative CM
had new CM postoperatively. Similar rates of failure to
appropriately correct CM have been demonstrated in other
recent adult spinal deformity (ASD) series [2, 3, 5].
Obeid and colleagues [6] have further classified types
of CM and offered surgical strategies to address each type
of scoliosis. Descriptions of techniques for intraoperative
corrective maneuvers have been described [7, 8]. Recently,
Makhni et al. [9] described their approach using an extra
rod attached to an additional iliac fixation point, called
a kickstand rod (KR), to apply a separate vector force
opposing the direction of coronal deviation as a means
to improve coronal correction. Since that time, two insti-
tutions have published series describing their technique
and experience treating CM with KRs [9-12]. Although
these institutional studies demonstrate outstanding coronal
and sagittal correction, it remains to be seen whether the
KRs provide an advantage over existing rod techniques
with regard to correction of CM. In this study, we sought
to provide a multi-institutional experience comparing
clinical and radiographic outcomes for patients with CM
treated with a KR versus patients treated with traditional
rod techniques with a supplementary non-KR rod (a third
rod without a separate iliac fixation point for distraction).

Methods

Our hypothesis was that coronal alignment correction with
the KR technique would be superior to that of traditional
rod strategies. Patients were enrolled into a multicenter
database through an institutional review board—approved
protocol at 11 sites across the United States between 2013
and 2018. Patient consent was obtained for all patients
in the [database blinded for review] database. Database
inclusion criteria were age older than 18 years and at least
1 of the following radiographic measures: scoliosis of 20°
or more, sagittal vertical axis (SVA) of 5 cm or greater,
pelvic tilt of 25° or more, and thoracic kyphosis of 60°
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or more. For patients undergoing operative treatment, the
procedural choice and instrumentation used as well as
the extent of surgery and operative objectives were at the
discretion of the operating surgeon. The size of the iliac
bolts used was not available in all cases and, therefore,
was not recorded. Standardized data-collection forms were
used to collect patient demographic characteristics, imag-
ing studies, and details of surgical procedures. Patient-
reported outcomes measures were also collected, includ-
ing Oswestry Disability Index, EQ-5D, 36-Item Short
Form Survey, and Scoliosis Research Society 22 (SRS-
22) preoperatively and at follow-up. All patients had at
least 1 year of follow-up. Patients with missing data were
excluded from the analysis.

A retrospective evaluation of the database was then
performed to identify patients who had surgical treatment
with a KR. The KR technique was performed as previously
published at all centers with slight variations in technique
allowed at the discretion of individual surgeons [9]. KRs
were strictly defined as supplementary rods placed in indi-
viduals to connect the upper portion of the construct to a
separate iliac fixation point with the intention to provide a
horizontal normalized vector force as a means to correct a
coronal deformity (Fig. 1). To be included in the KR analytic
cohort, patients treated with the KR technique were required
to have preoperative CM (> 30 mm) and/or a significant
scoliotic curve (curve angle > 30°). Pre- and postoperative
clinical and radiographic outcomes were compared for this
group (Fig. 2).

A matched control group was identified from the database
to compare coronal correction. These matched patients had
accessory rods spanning 6 or more segments across a coro-
nal deformity, which was not deemed a KR.

The primary outcome measure was defined as postopera-
tive coronal alignment, defined by the distance between the
C7PL and the central sacral vertical axis, which we termed
the coronal balance distance (CBD). An absolute value of
the CBD was used for comparing pre- and postoperative
measurements; differences in CBD were calculated using
positive and negative values based on the directionality of
the shift relative to the central sacral vertical axis. Preopera-
tive factors were evaluated using regression analysis, and the
only predictive factors for postoperative C7PL were preop-
erative C7PL and a combined coronal-sagittal malalignment
vector, which was calculated using the Pythagorean Theo-
rem as V/C7PL? + SVA? (Fig. 3). Therefore, a 1:2 matching
with replacement (kickstand:control) was attempted using
these two preoperative variables. Differences in baseline and
operative characteristics of the two cohorts were then ana-
lyzed to confirm that the groups were well matched clinically
and radiographically.
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Fig. 1 A Preoperative (top) and A B
postoperative (bottom) standing Preoperative Preoperative Screws and Rods

anteroposterior radiographs of 0 | osteotomies
a patient with type C coronal | @ ‘ /)

— a9, L C7-vertebra
~and plumb line

. ST

malalignment treated with the
kickstand rod technique. B
Schematic illustrations show
the basic tenets of the kickstand
rod technique. After screws are
placed and posterior column
osteotomies are completed,

the rods are contoured and
placed bilaterally with the
screw caps left loose. (Of note,
some surgeons will place the
rod unilaterally on the side of
the kickstand rod and wait to
place the contralateral rod until
after the kickstand distraction
maneuver, described below.)

A third iliac bolt is connected
to the kickstand rod, which is
then connected to the construct
with a side connector. A heavy
rod holder is then placed on the
kickstand rod near the side con-
nector, and distraction between
the side connector and the rod
holder imparts a distractive
force vector medially normal to
the coronal malalignment (pur-
ple arrows). Screw tightening
is then performed. Figure 1A

is used with permission from
ISSG. Figure 1B is used with
permission from Barrow
Neurological Institute, Phoenix,
Arizona

—|
Central ——
sacral ——
vertical ———
line

Postoperative Kickstand rod Instrumentation
. distraction in place

Patients were classified on the basis of the CBD accord-  primary outcome, postoperative CBD, which were then used
ing to the classification as defined by Bao et al. [2]: type A,  for the matching analysis. All data were presented as mean
CBD <30 mm; type B, CBD >30 mm and C7PL shifted to  and standard deviation (SD). Paired outcomes were analyzed
the concave side of the curve; type C, CBD >30 mm and  using the paired samples #-test or Wilcoxon signed-rank test,
C7PL shifted to the convex side. Differences in outcomes  when appropriate. Unpaired groups were compared using an
according to classification were examined between cohorts ~ unpaired samples #-test or Mann—Whitney test, when appro-
and among the overall sample. priate. A X2 analysis was used to determine proportional

The statistical analysis for this study was performed using  differences in outcomes for achievement of postoperative
GraphPad Prism 8 (San Diego, CA). Linear regression was ~ CM. All tests were two-tailed, and P values <0.05 were con-
used to identify preoperative variables correlated with the  sidered statistically significant.
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Fig.2 Radiographs demon-
strating the application of the
kickstand rod technique in
patients with adult scoliotic
deformity. Preoperative A and
postoperative B images for a
patient with a large coronal
curve but only a small amount
of coronal malalignment (CM)
(type A) are shown on the

left. However, KR are most
often applied to patients with
significant preoperative CM,
as shown by the preoperative
C and postoperative D images
for a patient with truncal shift
toward the convexity of their
major curve (type C). Used with
permission from ISSG

Fig.3 Matching was performed on the basis of preoperative CBD
and a vector combining the global vector displacement of the C7PL
calculated using the Pythagorean Theorem with CBD and SVA as x,y
vector displacements. Abbreviations: C7PL, C7 plumb line; CBD,
coronal balance distance; SVA, sagittal vertical axis. Used with per-
mission from Barrow Neurological Institute, Phoenix, Arizona

Results

Of the 25 patients treated with a KR identified in the
database, 21 had preoperative CM; 9 had CBD toward
the concavity (type B) and 12 toward the convexity
(type C). The 4 patients who were treated with a KR

@ Springer

664 Cases in spinal
deformity database

415 Did not meet
inclusion criteria

249 Cases with
supplemental rod
fixation and LIV to
pelvis

108 Did not meet
inclusion criteria

116 Non-kickstand
accessory rod with
C7PL >30 mm

25 Kickstand rod

46 Non-kickstand
rod spanning
<5 segments

4 No
preoperative 70 Non-kickstand rod
CM spanning >5 segments

34 Unmatched
cases

36 Cases in 2:1
matched cohort based
on C7PL, SVA, and
combined vector

21 Cases with
kickstand rod and
C7PL >30 mm

Fig.4 Flowchart demonstrating patient identification and matching.
Abbreviations: C7PL, C7 plumb line; CM, coronal malalignment;
LIV, lower instrumented vertebrae; SVA, sagittal vertical axis. Used
with permission from Barrow Neurological Institute, Phoenix, Ari-
zona

but who did not have preoperative CM (type A) all had
large scoliotic curves, and the KR was placed with the
intent of supporting coronal correction. Therefore, they
were excluded from this analysis (Fig. 4). None of the 21
patients included in the KR analytic cohort experienced
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Table 1 Comparison of

. Surgical data
matched cohorts for patients

Kickstand rod (n=21) Accessory rod (n=36) P value

with coronal malalignment
treated with kickstand
supplemental rod versus
traditional supplemental
accessory rod

Age, years

Body mass index

ASA classification score
Frailty index

Osteoporosis, no. of patients (%)
Prior spinal fusion, no. of patients (%)

Surgical details

Operative duration, min

Median upper instrumented vertebra

Length of supplemental rod, segments
Three-column osteotomy, no. of patients (%)
Mean number of posterior column osteotomies 6.9 (3.0)
Anterior lumbar interbody, no. of patients (%)

Length of stay, days
Baseline CBD, mm
Baseline SVA, mm
Baseline lumbar lordosis, °
Baseline C7 vector, mm

Baseline maximum curve angle, °

Baseline fractional curve angle, °

Baseline pelvic obliquity, °
Postoperative CBD, mm

A CBD, mm

Postoperative SVA, mm
Postoperative lumbar lordosis, ©
A Maximum curve angle, °

A Fractional curve angle, °
Postoperative pelvic obliquity, °

Surgical revision, no. of patients (%)

Proximal junctional failure

Pseudoarthrosis

Asymptomatic instrumentation loosening, no.

of patients (%)

58.0 (8.9) 64.9 (11.4) 0.14
21.2 (6.5) 27.9 (5.6) 0.44
2.5(0.6) 2.5(0.5) 0.76
35(1.4) 3.6 (1.6) 0.77
2 (10%) 7 (19%) 0.32
11 (52%) 16 (44%) 0.56
322 (102) 376 (109) 0.21
T8+ 3 levels T7/8 +£3.5 levels 0.45
8.5(2.8) 7.1 (2.9) 0.08
9 (43%) 12 (33%) 0.45
5.2(2.8) 0.10
4 (19%) 4 (11%) 0.40
9.0 (6.4) 8.3(3.9) 0.70
76 (42) 75 (38) 0.94
102 (83) 97 (77) 0.83
34 (20) 33(19) 0.76
134 (82) 128 (75) 0.79
36 (16) 42 (22) 0.23
13 (10) 14 (11) 0.75
2.0(1.4) 2.6(2.2) 0.25
18 (18) 35(23) <0.01
60 (42) 42 (39) 0.13
20 (44) 10 (47) 0.48
53 (13) 56 (13) 0.55
18 (10) 22 (15) 0.23
709) 6 (7) 0.48
2.2 (1.7) 2322 0.92
2 (10%) 2 (6%) 0.57
1 (5%) 2 (6%)
1 (5%) 0 (0%)
0 (0%) 2 (6%) 0.27

Data shown are mean (SD) unless otherwise indicated. Boldface type indicates statistical significance.
Baseline C7 vector was calculated as the square root of the sum of the C7PL squared and the C7SVA

squared (Pythagorean Theorem)

A absolute value of preoperative to postoperative change; ASA American Society of Anesthesiologists;
C7PL C7 plumb line; CBD coronal balance distance; SVA sagittal vertical axis

iliac bolt loosing, rod fracture, or need for KR revision
at last follow-up.

A matched cohort was identified of 36 patients treated
with traditional rod techniques and a supplementary rod
spanning at least 6 segments across a coronal deformity
(Table 1). Six KR patients had only 1 non-KR patient
with similar matching available for comparison. To ensure
similarity between groups, patient characteristics (age,
body mass index, American Society of Anesthesiologists
classification score, and ASD frailty index [13]), history
of prior spinal fusion, diagnosis of osteoporosis (based
on lowest -score from femoral neck or lumbar spine < 2.5

standard deviations from the mean), and surgical details
(operative duration, median upper instrumented vertebra,
construct length, percentage of patients receiving a three-
column osteotomy [Schwab grade III and above], num-
ber of posterior column osteotomies, use of an anterior
lumbar interbody implant, and hospital length of stay)
were compared. No statistically significant difference was
found between the two groups (P >0.10). The groups had
similar baseline CBD, combined coronal-sagittal mala-
lignment vector, SVA, major curve angle, fractional curve
angle, and pelvic obliquity (P >0.25). Baseline clinical
scores were not different between the groups (Table 2,
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Table 2 Comparison of clinical

. Surgical data Kickstand rod (n=21) Accessory rod (n=36) P value

outcomes in matched cohorts

for patients with coronal Baseline ODI 50 (12) 46 (15) 0.30

E;lilt‘ag;‘ifgg:ﬁzixi‘ . Baseline EQ-5D 0.75 (0.05) 0.75 (0.06) 0.75

versus traditional supplemental Baseline SF-36

accessory rod Physical function 28 (7) 30 (12) 0.25
Mental health 46 (7) 46 (11) 0.96
Baseline SRS-22
Pain 2.0 (0.7) 2.3 (0.8) 0.79
Appearance 2.3(0.6) 2.4 (0.9) 0.94
Total 2.7 (0.5) 2.7 (0.6) 0.62
A ODI 20 (14) 19 (14) 0.84
A EQ-5D 0.06 (0.10) 0.06 (0.09) 0.99
A SF-36
Physical function 9.1 (12.7) 7.6 (12.0) 0.72
Mental health 6.2 (6.9) 4.7 (10.0) 0.62
A SRS-22
Pain 1.1 (0.8) 1.1 (0.9) 0.92
Appearance 1.1 (0.8) 1.6 (1.0) 0.09
Total 0.8 (0.6) 1.0 (0.7) 0.37

Data shown are mean (SD)

A absolute value of preoperative to postoperative change; ODI Oswestry Disability Index; SF-36, 36-item
Short Form Survey; SRS-22, Scoliosis Research Society 22

P >0.25). The number of surgical revisions in each cohort
in the first postoperative year (2 per cohort) was not sta-
tistically significantly different (P =0.57). In the KR
group, 1 patient had a proximal junctional failure war-
ranting extension of fusion and 1 had symptomatic pseu-
doarthrosis and screw pullout that warranted reoperation.
In the non-KR group, 2 patients had proximal junctional
failure that warranted extension. Although no iliac screw
loosening was seen in the KR group, 2 cases of asympto-
matic iliac bolt loosening were noted on 1-year follow-up
imaging in the non-KR group (P =0.27).

When comparing the two groups, the patients treated
with the KR technique had a better mean (SD) post-
operative CBD than non-KR patients (18 [18] vs. 35
[23] mm, P <0.01). The mean (SD) magnitude of CBD
change in the KR group was 60 (42) mm while that in
the control was 42 (29) mm; this difference was not
statistically significant (P =0.13). Additionally, no
difference in postoperative SVA, change in major or
fractional curve angle, or postoperative pelvic obliquity
was observed between the groups (P > 0.23). Despite
the improvement in CBD observed in the KR group, the
clinical outcomes scores did not differ between groups
(P>0.09).

CM outcomes were examined based on preoperative
classification of the directionality of their truncal shift
(Fig. 5). None of the KR type A patients developed new
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Fig.5 Alluvial plot demonstrating the relative preoperative (Preop)
and postoperative (Postop) coronal alignment classification. The
breakdown for numbers of patients in both the kickstand rod group
and the control group are shown. There was no significant difference
in this breakdown based on coronal malalignment subtype. Used with
permission from Barrow Neurological Institute, Phoenix, Arizona

CM postoperatively. Eight (38%) of the 21 KR patients
with preoperative CM and 12 (33%) of 36 control patients
had persistent postoperative CM; this difference was not
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statistically significant (P =0.72). Preoperative CM type
(B vs. C) was not statistically related to the likelihood
of CM treatment failure in the KR cohort (P =0.70),
the control cohort (P =0.35), or the overall population
(P=0.31).

Discussion

Treatment of ASD includes a focus on the global spinal
alignment for each patient. Correcting adult spinal deform-
ity in the coronal plane remains a challenge [2, 5, 7, 14].
KR is a valuable tool for inducing corrective force vectors
against CM [11]. In this study, we provide the first evi-
dence that the kickstand technique may result in improved
CBD over traditional accessory or satellite rod techniques
in matched cohorts of ASD patients with CM. We report
no cases of instrumentation failure, iliac bolt loosening,
or rod fracture with KR implementation. Additionally, it
has been suggested that the addition of a distractive force
may compromise the sagittal plane correction achieved
during KR implementation [15]. However, in our study,
the changes in the coronal plane were achieved without
affecting sagittal vertical axis or lumbar lordosis.

The improvement seen in CBD was an isolated finding
in our cohort, which lends support to the notion that the
KR may have been beneficial in achieving better coronal
correction. The study design only allows us to witness a
correlation between improved coronal alignment and the
use of a KR. We are unable to conclude that the KR tech-
nique itself is solely responsible for this improvement, as
other surgical variables potentially not accounted for in
this study may have played a contributing role. Neverthe-
less, we believe this is the most compelling finding from
the work. Moreover, it must be noted that the difference
in CBD seen between groups did not result in differences
in clinical outcome scores. The mean baseline SRS-22
appearance score for the KR group (2.3 [0.6]) changed by
1.1 (0.8) while the baseline score for the matched group
(2.4 [0.9]) changed by 1.6 (1.0) (P=0.09). Postoperative
CBD > 30 mm has been shown to result in inferior SRS-22
appearance and satisfaction scores in a similar sample of
patients [14], so it is likely that our sample size was too
small to demonstrate this difference or that the relatively
small difference in CBD between our two groups did not
yield a measurable difference in patients’ satisfaction with
their appearance.

A small subset of the patients in our database had a KR
placed to help provide support for coronal correction of
a large deformity despite an absence of preoperative CM
(type A). For our comparative analysis, these patients were

removed from the treatment group analyzed, but the use of a
KR in this setting may have potential benefit in providing a
supportive buttressing force in the coronal plane. Although
this study was not powered to demonstrate a difference in
mechanical complications, our experience indicates that the
KRs may also provide a protective force against rod fracture
and instrumentation failure in the long-term.

Earlier work has noted that correction of patients with
type C CM shifted toward the major curve convexity
presents as a particularly difficult challenge in coronal
deformity surgery [2, 5, 6]. Increasing evidence and appre-
ciation of the direction of truncal shift has been gaining
attention in the adult spine deformity literature accord-
ingly [16]. In our study, there was no obvious difference
in CM outcomes based on preoperative CM type for either
treatment group or for the overall set of patients included.
While this negative result may seem irrelevant, we believe
that this finding is important, as it suggests that KR can
be particularly beneficial for patients whose deformity is
driven by either a thoracolumbar curve or a lumbosacral
fractional curve.

The major limitations of this study surround the retro-
spective study design, which may include multiple potential
biases. We tried to overcome such biases by identifying a
control group with supplemental rod fixations, but inherent
treatment biases may exist as well as statistical limitations
of matching. We had no means for measuring the amount of
extra intraoperative correction obtained from the KR distrac-
tion itself. Given the inability to perform surgical blinding,
however, this methodology provides the closest means for
comparing the two surgical techniques. The study is limited
by its small sample size and the length of follow-up, which
precluded the evaluation of long-term changes in CBD over
time for each group. Likewise, late mechanical complica-
tions, which tend to occur several years after implantation,
were unable to be captured. The study was not powered to
detect differences in deep tissue infection rates, which may
result from the increase in tissue dissection required to place
a third iliac screw laterally. Future work should examine the
effect of KRs in supporting correction of CBD over multiple
years and evaluating the integrity of the additional pelvic
fixation in the long-term.

Conclusions

In this multi-institutional study of coronal spinal deformity,
the KR technique did not result in differences in patient-
reported clinical outcomes measures, nor did it result in
appreciably different sagittal or spinopelvic parameters
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compared to a traditional accessory rod placement. Radio-
graphically, KR yielded significantly improved CBD. Our
findings suggest that the KR technique is more effective than
traditional rod techniques in improving CM. Future studies
should focus on the longevity and biomechanics of KRs as
a means of buttressing long-segment constructs in spinal
deformity patients with large coronal curves.
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