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Abstract
Objective: The present study aims to investigate the potential of ARCB-T as a delayed tactic even for larger-magnitude scoliosis.

Methods: In the present retrospective cohort study, the inclusion criteria were as follows: (1) EOS and 2) age of initiation for ARCB-T < 4 years. Consecutively
enrolled 120 patients since 1995-2016 met these criteria. They were divided into the following two groups in terms of initial scoliosis of 50°: Cast Larger-Group
(CL-G; main scoliosis 250% 7 = 78) and Cast Mild-Group (CM-G; main scoliosis <50°% 7 = 42). Etiologies were as follows: congenital/structural defects (CS/ST;
= 55); infantile idiopathic scoliosis (IIS; 7 = 28); syndromic scoliosis (SS; 7 = 32); and neuromuscular scoliosis (7 = 5). ARCB-T was switched to surgical intervention
in 52 and 17 patients in the CL-G and CM-G, respectively. The endpoints were the progression rate during ARCB-T and the magnitude of scoliosis at the end of
ARCB-T. We compared scoliosis measured at initiation and end of ARCB-T; and scoliosis in the initial cast placement between the two groups.

Results: We observed a reduction of scoliosis <30° in 11.5% and 28.6% patients in the CL-G and CM-G, respectively. While, patients with scoliosis >70° did not
display improvement of scoliosis <30°. Early initiation of ARCB-T significantly correlated with a lower progression rate (P = 0.0384). Patients with larger-magnitude
scoliosis at the first casting exhibited significantly larger-magnitude scoliosis at the end of ARCB-T (P < 0.0001). Better correction of scoliosis by initial casting
decreased the progression rate (P = 0.0113) among patients in both the groups. Although the correction of scoliosis by initial casting did not correlate with the
progression rate in the CL-G (P = 0.1153), the progression rate during ARCB-T significantly correlated with the correction by casting in patients with 270° or 80° of
scoliosis (P = 0.0016). The diagnoses correlated with the efficacy of ARCB-T and IIS exhibited a significantly better progression rate (-3.0°/year) than other etiologies.

Conclusion: Despite being limited in the suppression of the progression of larger-magnitude scoliosis, ARCB-T works less efficiently as a delayed tactic to surgery

and could be an option for larger-magnitude scoliosis if it displays better correction at the first cast placement.

Introduction

Alternately repetitive cast/brace treatment (ARCB-T) is
performed to decrease scoliosis and/or delay the need for surgery
for mild-to-moderate early-onset scoliosis (EOS). However, limited
studies have investigated the clinical outcomes of patients with larger-
magnitude scoliosis.

In the last two decades, studies of surgical outcomes of growth-
friendly surgery for early-onset scoliosis (EOS) have demonstrated
that a too early initiation of surgical intervention often leads to poor
outcomes because of multiple surgical complications, as well as
unpredicted spontaneous fusion [1-5]. Since Mehta [6] reintroduced
serial cast treatment for EOS with cases of some patients exhibiting
improvement like most cured state, cast placement for EOS has returned
as an effective treatment option in routine clinical practice to decrease
scoliosis and as a delayed tactic before surgical treatment.

Sanders [7] reported their series of patients treated with serial cast
placement with two aims. The first aim was to decrease the magnitude of
scoliosis. The author reported that EOS patients with smaller curvature
[250°-60°, single curvature, less rotation, infantile idiopathic scoliosis
(I1S)] were more likely to exhibit the reduction of scoliosis through
serial cast treatment. Moreover, the study emphasized the efficacy of
initiating serial cast treatment at age <2 years. The second aim was a
delayed tactic for surgical intervention. Besides IIS, many patients with
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non-idiopathic scoliosis often visit scoliosis clinic at the age >2-3 years
complaining of moderate—severe curvatures; however, this might be
too late or not expected to attain the reduction of scoliosis by applying
serial cast treatment.

To date, several studies have reported the efficacy of serial cast
treatment, even for older EOS patients with non-idiopathic/syndromic
larger curvature, to delay the need for surgery [7-12]. Some of those
studies enrolled EOS patients with the curvature >80° [7,9,10,13].
Nevertheless, to the best of our knowledge, no study has detailed the
efficacy of serial cast treatment for such a severe curvature. Moreover,
limitations and complications of serial cast treatment remain partially
elucidated.

In the present study, we hypothesize that serial cast application is
effective even for larger curvatures in terms of a delayed tactic. Hence,
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this study aims to assess the efficacy and limitations of serial cast
treatment for larger curvatures in EOS as a delayed tactic for surgical
treatment.

Characteristics of our serial cast treatment combined with
brace application and the timing of switching to surgical
intervention

We have been performing cast application for EOS since 1995. In
the first several years, our candidates for cast treatment were young
pediatric patients with severe scoliosis. Since 2000, we extended cast
application to almost all patients with EOS 35°-40°, except congenital
scoliosis. We applied serial cast placement for patients with scoliosis
<35° if patients have congenital scoliosis on the lumbar spine for
prevention of secondary wedging of adjacent normal vertebrae. Of
note, all cast applications were conducted on a Risser Table (Matsumoto
Prosthetics & Orthotics Manufacturing Co. Ltd.) with correction by
traction and derotation with straps. At the time of cast application,
general anesthesia was not used. A corrective cast was routinely applied
for 2-3 weeks followed by wearing of a corrective brace (CTSLO for
thoracic curvatures and TLSO for thoracolumbar or lumbar curvatures)
for several weeks. The brace-wearing duration was dependent on the
magnitude, type, and etiology of scoliosis. The cast placement was
reapplied if we established that brace treatment could not maintain
scoliosis with acceptable magnitude. Owing to this repeat cycle of cast
and brace applications, we termed our cast and brace treatment as
“alternately repetitive cast/brace treatment” (ARCB-T) [14]. Typically,
ARCB-T was performed until the age of nearly 7 years; this was the
time when the school years began, and almost all patients no longer
wanted cast placement. At this point, ARCB-T was switched to pure
brace treatment if patients were still required to continue wearing a
brace.

The timing of when to switch to a surgical intervention, such
as growth-friendly surgery or short fusion based on the curve
magnitude and etiology, was ascertained by the following findings: (1)
uncontrollable progression during ARCB-T was determined at the age
>6 years; (2) collapsed chest cage deformity was induced due to cast
application even wihtout progression of scoliosis, (3) when the type of
curvature or etiology (most were congenital scoliosis) could be treated
with short fusion (fusion < 6 segments); or (4) combination with
thoracolumbar or lumbar angular kyphosis.

Methods
Study design and study cohort

In this retrospective cohort study, the inclusion criteria were
as follows: (1) EOS; 2) age of initiation for ARCBT-T < 4 years.
Consecutively enrolled 120 patients since 1995-2016 met the above
criteria. These 120 patients were divided into two groups: Cast Mild-
Group (CM-G; main scoliosis < 50°) and Cast Larger-Group (CL-G;
main scoliosis > 50°) in terms of 50° of initial main curvature.

The CL-G included 78 patients (24 males, 54 females; mean age:
2.9 years at the first casting). The CM-G included 42 patients (21
males, 21 females; mean age: 2.5 years at the first casting). Etiologies
among patients in both the groups included congenital/structural
defects (CS/ST; n = 55); IIS; n = 28); syndromic scoliosis (SS; n = 32);
and neuromuscular scoliosis (NM; n = 5), based on the 2014 EOS
classification [15].

Scoliosis just before the first cast application, in the first cast
placement, and at the time of the final follow-up or just at the end of
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ARCB-T were measured by two authors, including one who applied the
casts to patients. For data comparison and to investigate the efficacy of
ARCB-T for a larger curvature, we compared the CL-G with the CM-G.

Endpoints

In the present study, the endpoints were the progression rate during
ARCB-T and the magnitude of scoliosis at the end of ARCB-T. The
final objective was to determine the efficacy of ARCB-T in patients with
larger-magnitude scoliosis compared with smaller-magnitude scoliosis
by comparing these endpoints.

Statistical analysis

All statistical analyses were performed with jump vision 13.0 (Cary,
NY). We used the nonparametric Wilcoxon rank-sum test to investigate
the difference of continuous measures within or across the groups.
Furthermore, all p < 0.05 were considered statistically significant.

Results

Between both the groups, we observed significant differences
in sex, age at the first cast placement, and etiology; however, follow-
up time and the number of cast placements during ARCB-T did not
differ (Table 1, Figure 1). Surgical intervention was executed following
ARCB-T in 52 patients (66.7%) in the CL-G, with the age and duration
from the first cast placement to surgery of 7.1 + 2.3 years and 3.8 +
2.1 (range: 0.3-8.8) years, respectively. In the CM-G; however, surgical
intervention was executed in 17 (40.5%) patients, with the age and
duration from the first cast placement to surgery of 6.1 + 1.5 years and
3.4 £ 1.6 (range: 1.3-8.9) years, respectively. In addition, the percentage
of surgical intervention exhibited a significant difference between both
the groups (P = 0.00070), although no significant difference was noted
in age at surgery and duration from the first cast placement to surgery.

Scoliosis measured at all intervals showed significant differences
between the two groups (P < 0.0001). However, the progression and
initial correction rate by cast placement did not exhibit any significant
difference between both the groups (Table 2).

Table 1. Demographic data of two groups (*p=0.0379, **p=0.0211)

Cast-Mild Group (CM-G) |  CAstLarger-Group

(CL-G)
Number pf participants 42 78
Sex Male 21, Female 21* Male 24, Female 54*
Age at 1* visit/1® Cast (y) 2.5+0.9%* 2.9+ 1.1%*
FU (y) 48+29 43+27
Total cast count 54+39 69+4.4

Cast-Mild Group (CM-G) Cast-Sever Group (CL-G)

Figure 1. Etiology in two groups (Patients were categorized into four categories, such
as congenital/structural (CS/ST), infantile idiopathic scoliosis, syndromic scoliosis, and
neuromuscular scoliosis based on the early-onset scoliosis classification. CS/ST was
the majority in both Cast Mild-Group and Cast Larger-Group. There was a significant
difference between the two groups (P = 0.0402)
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Initial scoliosis just before the first cast placement exhibited
a positive correlation with the magnitude of scoliosis at the end
of ARCB-T or the final follow-up time (Figure 2); however, it did
not exhibit any significant correlation between initial scoliosis and
progression rate (/y). The early initiation of ARCB-T significantly
correlated with a lower progression rate (P = 0.0330). The later
initiation of ARCB-T caused a higher magnitude of scoliosis (P =
0.0001). In addition, etiology affected the magnitude of scoliosis at the
end of ARCB-T and the progression rate during ARCB-T. Patients with
IIS exhibited the lowest magnitude of scoliosis at the end of ARCB-T in
the four etiologies (Table 3). Furthermore, the progression rate was also
lowest in IIS of all etiologies. We observed no significant difference in
the progression rate between the CM-G and CL-G across all etiologies
(Table 4).

The improvement of scoliosis <30° at the end of ARCB-T was
observed in 12 (28.6%) and nine patients (11.5%) of the CM-G and
CL-G, respectively. We noted a significant difference in the percentage
of scoliosis improvement during ARCB-T between both the groups
(P = 0.0159). This tendency was also observed when all patients were
re-categorized into two groups by the magnitude of initial scoliosis of
60° or 70° (Figure 3). No patients in the larger group divided by >70°
showed improvement.

IIS exhibited a much higher percentage of scoliosis improvement
(35.7%) in all etiologies (P = 0.0366; Figure 4). Furthermore, four
patients (80%) with IIS in the CM-G exhibited improvement to scoliosis
<30°, whereas six patients (26.0%) with IIS in the CL-G exhibited
improvement (P = 0.0228).

The initial correction (%) at the first cast placement as a whole
showed a weakly negative correlation with the progression rate (°/y)
of scoliosis during ARCB-T (R?=0.053586, P = 0.0113). The evaluation
of this correlation in each group revealed that the initial correction
did not significantly correlate with the progression rate in the CL-G

Table 2. Scoliosis between two groups

Cast Mild-Group | Cast Larger-Group

(CM-G) (CL-G) p value
Number pf patients 42 78
Initial scoliosis (°) 40+7(25-49) | 65+14(50—114) | <0.0001
In-cast scoliosis (°) 20+ 10 (1 -45) 35+ 14 (7-68) <0.0001
Scoliosis at the end of 41+18(11-79) | 64+26 (8 115) | <0.0001
conservative Tx. (°)
Progression (°/ y ) 0.6+4.5 02+ 6.3 0.5914
Initial correction rate (%) 50+23 46+ 18 0.4353
Table 3. Diagnoses correlated to the effectiveness of ARCB-T
CS/ST IS NM SS
N 55 28 5 32
Scoliosis at
theend of = 57+23 43 +25 59 +20 67 +£29 IISS VSS SCSS/ST (())(())(11738
ARCB-T v :
P . ISvs SS 0.0007
mgretssw“ 07+54 -3.0+£44 5155 27+76 IS vsCS/ST 0.0007
rate ISvsNM 00129
Table 4. Progression during ARCB-T between two groups in terms etiology
CS/ST IS NM SS
CM-G 1.1+ 6.3 -3.5+4.6 50+£35 32+83
CL-G 03+4.1 -1.1+£2.7 52+7.4 09+52
p-value 0.7609 0.6101 - 0.5274
J Transl Sci, 2019 doi: 10.15761/JTS.1000358
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Figure 2. Relation between Initial Scoliosis and Scoliosis at the End of ARCB-T. The
correlation between initial scoliosis and scoliosis at the end of alternately repetitive cast/
brace treatment (ARCB-T). A positive correlated existed between scoliosis at the end of
ARCB-T ([]) and initial scoliosis just before ARCB-T (R2 = 0.422831, P < 0.0001)

(a) (b) (c)
CM-G N <60° NN <70° EEEE
CL-G HH =60° |l =70°

0% 50% 100% 0% 50% 100% 0% 50% 100%

m=30° m30-50° © 50-80° = =80

Figure 3. Percentage of Improvement in Scoliosis at the End of ARCB-T (The percentage
of patients who exhibited the improvement of scoliosis by alternately repetitive cast/brace
treatment (ARCB-T) in three patterns of classification in terms of the magnitude of initial
scoliosis before ARCB-T. a) Groups of patients classified by 50° of initial scoliosis before
ARCB-T (<50°: 28.6% vs. >50°:11.5%, P = 0.00186). b) Groups of patients classified
by 60° of initial scoliosis before ARCB-T (<60°: 24.1% vs. >60°: 4.9%, P = 0.0081). c)
Groups of patients classified by 70° of initial scoliosis before ARCB-T (<70°: 20.1% vs.
>70°: 0%, P =0.0330). The percentage of patients who exhibited improvement of scoliosis
<30° at the end of ARCB-T tends to decrease in groups of patients with larger and larger
scoliosis before ARCB-T)

60
50
40
30
20
10
, . -
CS/ST s NM SS
® Improvement (+) Improvement (-)

Figure 4. Improvement of Scoliosis in Etiologies (Patients with infantile idiopathic scoliosis
exhibited the highest percentage of improvement of scoliosis by alternately repetitive cast/
brace treatment (P = 0.0366)
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(R?=0.032308, P = 0.1153). Conversely, the CM-G exhibited a stronger significantly delayed for only 23 19 months; the duration was clearly
negative correlation between the initial correction and progression rate ~ shorter than others (Figure 7).

2 — . 1
(R?=0.192627, P = 0.0041; Figure 5). Besides minor complications, such as skin sloughing and decubitus,

Besides CM-G and CL_G’ when patients were also re_categorized which did not affect the Strategy of ARCB-T, maj()r COmpliCatiOnS

into two groups in terms of the magnitude of scoliosis of 60°, 70°, or 80,  caused by cast placement occurred in five patients in the CL-G and in
none in the CM-G. Of the five patients in the CL-G, three experienced

progressive windswept chest cage deformities; the chest cage slowly
deformed following the progression of scoliosis during ARCB-T. One
patient with Marfan syndrome, who had a funnel chest, had a history of

In all patients, surgical interventions could be delayed for 47 + 35 surgical treatment using the NUSS method; although cast application
months by using ARCB-T. No significant difference in the duration of =~ was cautiously performed by opening bilateral two windows on the
delay for surgery was noted between the CM-G and the CL-G. If all lateral wall of the cast to avoid pressure sore in ARCB-T, the patient
patients were re-categorized by magnitude of initial scoliosis of 60°, 70°, developed deep decubitus on the lateral chest wall because of hardware
or 80°, surgical intervention in patients with scoliosis >80° could be ~ prominence that required the removal of chest bars. The fifth patient

both groups with scoliosis >70° and 280° clearly exhibited significantly
negative correlations between the progression rate and the initial
correction, but not in the group with scoliosis 260° (Figure 6).

a) All patients b) CL-G c) CM-G
Progression Progression Progression
rate (" fy) rate (" /y) rate (" /y)
m 20
R2=0.053586 5 R2=0.192627
15 15 15
0 10 1
5 5 5
o \ n \\‘ \
a
5 4 -
5
10 10
15 15 i
=15
0 0 a 20 ] &0 [ 00
[ 2 40 &) 80 100 9 0 0 %0 L
Initial Correction (%) Initial Correction (%) Initial Correction (%)

Figure 5. Relation of Initial Correction (%) with Progression Rate (°/y) (The correlation between the progression rate and the percentage of initial correction by cast application was
recognized in all patients (P = 0.0113) and the Cast Mild-Group (P = 0.0041), but not in the Cast Larger-Group (P =0.1153)

Scoliosis = 60° Scoliosis = 70° Scoliosis = 80°
Progression _ i _ Progression R2=0.612805
5 f R2=0.031431 Progression R2=0.474651 rogressio .
rate (* ) ., rate (° iy) p=0.0016 rate (* fy)., p=0.0016

W4 0 B XN W4 H W W w w n = » [ m = 10 F m - s w £ [

Initial Correction (%) Initial Correction (%) Initial Correction (%)

Figure 6. Relation of Progression Rate (°/y ) with Initial Correction (%) by Casting in terms of Magnitude of Scoliosis at the First Cast Placement (All patients were re-categolized into two
groups by redefining the curve magnitude for mild and larger groups at three separate intervals (60°, 70°, and 80°). The correlation between the progression rate and the percentage of initial
correction by cast application became more significant in patients with a higher scoliosis magnitude at the first cast application (the group with scoliosis >70° and >80°)

Months
60
p=0.8147 p=0.6161 p=0.1204 p=0.0021
50
40
m Pastients with Larger
0 scoliosis
20 Patients with Smaller
scoliosis
10
0
250° <50° 260° <60° 270° <70° =80° <80°

Magnitude of scoliosis by which patients were divided

Figure 7. Duration of Delayed Tactic of ASRCB-T for Surgery (In this graph, all patients were divided into two groups; smaller and larger group by initial scoliosis of 50° 60°, 70°, and 80°.
Patients in the larger group whose initial scoliosis was larger than 80° showed significant shorter duration (P = 0.0021) of its ability to delay with only 23 months)
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had Marfan syndrome and funnel chest. All patients had superior
mesenteric artery syndrome at the fifth cast placement, resulting in a
strategic change to surgical intervention.

Discussion

Correcting severe scoliosis and suppressing the progression of
scoliosis while preserving the growth potential, especially in very
young patients with EOS, is highly challenging. In the last two to
three decades, several surgical treatment methods have been invented
and introduced [16-18]. Nevertheless, recent studies have reported
a higher rate of postoperative complications, some of them caused
the deterioration of spinal deformity and chest cage deformity [1-5].
Hence, serial cast treatment returned to the clinical practice of EOS.
Some studies demonstrated that serial cast treatment works proficiently
not only in terms of the reduction of scoliosis in patients with relatively
small-magnitude scoliosis but also as a delayed tactic for surgical
intervention [6-10].

In the present study, scoliosis just before the first cast application
was maintained at almost the same magnitude as that at the end of
ARCB-T in both the groups, suggesting that the efficacy of ARCB-T
in terms of suppression of scoliosis progression could not be any
different in almost all EOS patients without any impact of the scoliosis
magnitude at the time of the first cast placement if they are indicated for
ARCB-T. Alternatively, the severity of scoliosis did not seem to affect
the initial percentage of the correction and progression rate unless a
rib cage deromrity such as windswept thoracic cage deformity or severe
funnel chest was associated with scoliosis. This chest cage deformity
was contraindication for corrective cast application. Overall, it was
likely that smaller scoliosis at the start or ARCB-T results in smaller
scoliosis at the end of ARCB-T, and larger scoliosis results in larger
scoliosis displaying the same progression rate.

The reduction of scoliosis was recognized in some patients with all
kinds of etiologies. IIS exhibited the highest percentage of the reduction
in all etiologies, irrespective of the magnitude of scoliosis at the start
of ARCB-T, as reported previously [7-12]. Regarding the magnitude of
scoliosis at the start of serial cast treatment, the present study reported
that 70° was, perhaps the limit of the reduction of scoliosis in EOS.
Precisely, patients with >70 of scoliosis had virtually no chance to attain
the improvement of scoliosis by ARCB-T.

In addition, the present study demonstrated that ARCB-T attained
an almost similar progression rate irrespective of the magnitude of
scoliosis in EOS patients. Moreover, if the first cast placement attained
a better percentage of the correction of scoliosis, the progression
rate of scoliosis could be suppressed with a higher probability even
in patients with larger scoliosis, suggesting that serial cast treatment
like ARCB-T exhibited higher likelihood in the suppression of the
scoliosis progression even in patients with much larger scoliosis, such
as scoliosis of around 70° or 80°. Therefore, surgical intervention could
be delayed by ARCB-T for some, though not all, patients with much
larger scoliosis because of the suppression of the scoliosis progression.
Nonetheless, the larger the scoliosis at the first cast application, the
harder it is to delay surgical intervention using ARCB-T. According to
the results of this study, 70°-80° of scoliosis at the initiation of ARCB-T
may be the upper limits for the effectiveness of ARCB-T as an efficient
delaying tactic for surgery.

Cast application-related complications for patients with larger
scoliosis should be particularly given attention during the first and
second days after cast placement. In the present study, we excluded
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slight pressure sore, such as redness and skin sloughing, from major
complications because they did not affect the ARCB-T schedule;
however, these complications occurred in almost all patients with
larger scoliosis. Hence, we ascertained the duration of cast application
for 2-3 weeks in ARCB-T; other reasons included ethnic customs of
the Japanese who like taking a bath almost every day, high humidity in
Japan, and no anesthetic risk for repeated cast placement. In this study,
severe complications during ARCB-T occurred in five patients, all
with larger scoliosis. Despite their low frequency, severe complications
should be carefully monitored for prompt detection when performing
cast placement, especially for patients with larger curvatures or very
small children.

The present study has several limitations. First, we compared
patients with smaller scoliosis and larger scoliosis to investigate the
efficacy of ARCB-T for patients with larger scoliosis in terms of the
reduction of scoliosis and delayed tactic for surgery. Thus, it might
be more appropriate to compare patients with larger scoliosis who
underwent ARCB-T and those who did not undergo ARCB-T. However,
it was practically impossible to monitor those patients without any
treatment. From the perspective of morality, withholding treatment can
never be accepted in clinical practice.

Second, ARCB-T can be considered one of the serial cast treatments.
Nevertheless, cast application in ARCB-T is entirely different from
those reported previously [6,7]. Comparing the efficacy of serial cast
treatment with other different types of serial cast treatment could be
challenging. Third, each surgeon has a different strategy for surgical
treatment for progressive EOS. In the present study, all decisions of
surgical intervention were taken by a senior author (NK) based on
the strategy illustrated in the presentation of ARCB-T. It might be
challenging to conclude that serial cast treatment could be useful as
a delayed tactic even for larger scoliosis from only one doctor’s case
series.

Finally, the present study enrolled patients with various etiologies.
CS/ST were leading in each group. In addition, EOS patients were
treated with ARCB-T at a general hospital and not at a childrens
hospital, where the orthopedic department focuses on spine surgery of
both children and adults. As patients with marginal scoliosis are not
referred to our institution just for observation, we enrolled a relatively
small number of patients with IIS compared with other reports [7-10].
Despite these limitations, it can be determined that ARCB-T, a type of
serial cast treatment, could be one of the options for EOS patients with
even larger scoliosis. Nevertheless, further investigation is warranted
to investigate the efficacy and limitations of serial cast treatment for
larger EOS.

Conclusion

In conclusion, better correction at the first cast application in
ARCB-T was a useful indicator to estimate the efficacy of ARCB-T
as a delayed tactic for surgery even for patients with larger scoliosis.
Although ARCB-T works less efficiently as a delayed tactic to surgery
for larger scoliosis, it might be worthwhile applying even for larger-
magnitude scoliosis if it displays better correction at the first cast
placement. Hence, this study suggests that ARCB-T could be one of
the options for EOS patients even with larger scoliosis in terms of the
improvement of scoliosis and a delayed tactic as observed in relatively
smaller curvature in EOS.
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