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Summary: We feport long-term experience with the Charles-
ten Bending Brace for treatment of adolescent idiopathic eco-
liosis. This brace holds the patient in maximal side-bending
correction and is wom at nighttime only. Patients included in
this prospeclive multicenter study met all of the foltowing cri.
teria: skeletal immaturity (Risser 0, 1, or 2}, curvature >25°
befare bracing. no prigr treatmenl, and > |-year follow-up since
completion of bracing (skeletal maturity or progression lo sur-
geryl. All curves were monitored and reponed, There were 149

structural curves in 98 patients. Sixty-five {66%) patienis
showed improvement or <5° change in curvature, Seventeen
{17%) patients progressed to the point of requiring surgery for
their scoliosis. Based on these long-term results and improve.
ment of the natural history of adolescent idiopathic scoliosis,
continued use of the Charleston Bending Brace is justified. Key
Words: Adolescent—Charleston Bending Brace—Idio.
pathic—Part-time bracing—Scoliosis—Treatment.

We initially reported our preliminary experience with
the Charleston Bending Brace for treatment of adoles.
cent idiapathic scoliosis in 1990 (16). This was a pro-
spective multicenter study initiated in 1984, The prelimi-
nary data on 139 patients suggested the Charleston Bend-
ing Brace was comparable lo the Milwaukee (3,6,7,11H
and Bosion (8,10) braces with success rates ~83%. Ad-
vantages included a very high in-brace correction (73%)
for ali curves treated. The psychosocial advanlages of
nighttime bracing were readily apparent lo physicians,
parents, and patients. Initial concerns included progres-
sion of some compensalory curves and long-term ‘effee-
liveness,

Federico and Renshaw (9) also reporled their early

experience with the' Charleston Bending Bracé in pa-.

tients with adolescent idiopathic scoliosis. They had 32
patients with single curves and noted a Success rate of
-85

ing and had a high compliance rate,

. With these initially promising results, we continted to
use the Charleston Bending Brace for al| our patients
with adolescent idiopathic scoliosis: however, for the
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They 100 noted-the-advantages-of- nighttime-brac~

purposes of this study, we elected (o report only the
long-term follow-up on those patients who were in our
pretiminary swdy.

MATERIALS AND METHODS

To be included in this study, all patients had 10 be in
our preliminary study. This study group was initially
seen and treated for adolescent idiopathic scoliosis be-
tween 1984 and 1988 and included 139 patients. Ar that
time, all patients had 10 meet the foltowing criteria: id-
topathic scoliosis, skeletal immaturity (Risser 0, §. or 2},
a curvature of 25-49° before bracing, aged 10 years or
older when the brace was applied, and no prior treatment.
Al types of idiopathic scoliosis were lreated, including
double curves, hypokyphotic patients, and patients ‘with
an apex as high as T-2, At the lime of the preliminary

e [EPOM,—ON I-y—44---paziems—had—comp!etcd-treatmem.‘"‘ Al
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patients have now completed treatment for their scolio-
sis, and all patients are now skeletally mature,

One or more of the authors reviewed all patients’
charts and radiographs, Independent observers also re-
viewed the inclusion criteria for each patient, Of the
original 139 patients, five patients were subsequently
found to have a neurologic condition or spinal tumor as
the cause of the scoliosis, and |2 palients were losi to
follow-up before completing treatment for scoliosis,
Nine patients were found to be too mature (Risser >2} at
the time of initia) bracing to be included in the study.
Five patients were found to have Juvenile curves, 1wo
patients were found 1o have initial curves that were too
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small (curvaiure <25%), and eight patients had been
treated with a previous brace. These patients were (hys
excluded from this follow-up study, leaving 98 patients
(149 curves) as a basis of this report, No patient wag
excluded on the basis of compliance, as we believe this
t¥pe of exclusion leads to bias in report. We could not
verily tive compliance rates, but it was our impression
that patients tolerated the brace well and were highly

compliant,

There were eight boys and 90 girls, Average age al the -

initiation of reatment was |2 years, 9 months {range, 10
years~14 years, 9 months). Seventy-six palients . were
Risser 0 or I, whereas 22 patients were Risser 2. Fony-

warrant immediate bracing. Patients were braced with
the Charleston Bending Brace (Fig. 1), worn a night
only. The average lengih of brace wear was 2 years, 3
months, Bracing was discontinued at skeleal maturity or
at the time of Surgery. All of the patients completed the
course of treatment as Presénted. All patients then re.
turned for follow-up evaluation an average of | year, 2
months {range, | month—§ years, 3 months) after discon.
tinuing.the brace., Follow-up from initiation of treatment
averaged 3 years, 5 months (range. 13 months-10 years,
7 months),

There were 17 single thoracic curves, 24 thoracolum-
bar curves, six lumbar curves, and 5] double curves; thus
there was a tolal of |49 structural curves in the 98 pa-
tients. Average curvature immediaiely before bracing
was 31° (range. 25-49°,

Resulis were analyzed in 4 simifar fashion as before,
according to the total number of patients
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remainder of patients have been classified as arzce HETH
ures. However, as we were not totally dissatisiied v in
all results listed as brace failures. the patents wt, brace,
failure were subdivided ineo good. fair. and poor r2sul;.

Treatment was considered good if there Wis >3¢ ynd
<10° progression. Treatment was considered B i they

Progressed >10° while in the brace but avoided surger,

or the need for an alternute beace. Poor result way é2ringd
as any patient who required surgery. had surgery racon.
mended (0 them, of changed 10 2 different bracs. For
surgical patients, the value of the scoliosis curvayre Used
was that immediareiy before surgery,

Indications for SUTgery were curvature »59°. Ous in.
dications for change 10 Conventional brace weur s
CUrVe progression of > | (j° while in the brace wih Liownn
remaining (Risser 0, |. or 2), :

RESULTS

Length of brace wear for patienis completing eracing
averaged 2 years, 4 months (range, | year, ¥ mongha—J
years, 10 months). The length of follow.up pas drics
wear was | year, 2 months (range, | MONth-5 \eary, 3
months). Scoliosis curviture measured 32° g fofisw up
(range, 11-60°), Sixty-live (66%) patients showed .

provement or s35° change in curvaiure at the end of

20 patients who had a poor resull required surgany 1o

surgery but declined, and three patients were changad wy

FIG, 1. Anterior (lsht) ang posienar tigr! ey
of Charlgsion Bending Brace.
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TABLE 1. Results by major curve fype

—_—
Curve type No. of Excellent Good Faijr
(No. of pts.} curves <5° 6-10° s1g° Poor
Single thoracic {17)
’ A 25290 4/1 411 ol ofe ofs :
30-39° m 4an - A 3
40-49° Al -l o of- 2
Single thoracolumbar (24)
25-29° % 1172 812 Y. e it
30-39¢ 515 374 i o 2.
40-49° 1 - ") o4 oA
Single tumbar (6)
25-29° 4f1 L «f- /e o
Jo-39¢ i~ is- o= -/ -fs
40-49° o -l ot o -t
Double thoracic (4)
25-29° 34 24 I8 o -/
30-39° iz «/2 1. e 2
40-49° /s </~ < o «f
Double major lumbar
primary (24)
25-29° 312 192 5 4/- 9/
30-39° . 6/. -l - 14
d(-49° 2. o J: s 2.
Dauble major thoracie
primary (2])
25-29° Fird 6/1 of- iz vt
30-39¢ 1717 976 4/ of- 4/.
4049 12/ -1 - 4 2
Data expressed as Risser O-1/Risser 2,
vatures had fair results, Twenty-two curvatures had poor tients who had a thoracolumbar Curvature had 71% ex.
results, Qverall 85% of curves had acceptable results, cellent results ang only 18% poor results, The five pa-

averaged 87% for major curves
Ty or secondary curves, Twenty
y curves progressed >5°,
brace failures regardless of
Four patients required sur-
n their compensatory curve

In-brace curve correction
and 33% for compensalo
tompensalory or secondar
These:patients were |isied as
the primary curve oulcome,
gery because of an increase i
alone,

Table | gives resulis b
bar curves fared the bes
no brace fajlures. Single
well with 75% excellent

Y major curve type. Single jum-
with 100% excellent results and
thoracolumbar curves also fared
and only '12% poor

primary (King type 1) had 55% excellent
and 24% poor !'E&!fﬂ._QQubJe_lhoracicfcuwas—had 67%-
- excellent results with only 17% poor results,

The rate of poor resuls was increased as the magni-
tude of the initial curve increased in size, The rate of
poor results for initial curve between 25 and 200 wag
t5%. The rate of poor results for initial curveg between
30 and 39° was 239, The rate of poor resuls for initial
curves between 40 and 49° wqs 67%.

The risk of progress

tients who had a lombar curvature 2] had excellent re-
sults (100%), Forty-one immaiure patients had double
curvatures, and 2| (51%) had excellent resulis, whereas
It (27%) had poor results,
Risk of progression for t
isser 0 and |) increased
increased (Table 3
29° had 78% excel
32 patients with curves of 30-39° had so% excellent
results and 339 boor resuits. The seven patients with
curves of 40-49° had 149, excellent results and’ 8625
poor results,

The results of the
more favorable, T

poor results. The

Mmore mature patients (Risser 2) were
bles 4 and 5 give result of Risser 2

patients only, There were 22 (22%) patients who were

Risser 2. Nineteen (Sﬁﬁ’lﬁgiii@!_sﬁd_emcllcm.results..—g*----——---—'-""‘
—and one patient | (5%) had a poor result. The four patients
with single thoracic curves and the one patient with 4
single lumbar curve a| had excellent results (100%). The
seven patients with thoracolumbar curves had 86% ex-
cellent results-and 09 poor results, The 10 patients with

TABLE 2, Risser 0-1 (75 #aiienu) .

Curve No. of Excellent Brace

lype patients resul ) failure
" Single thoracie 13 8(62%) 5(38%)

Thoracolumbar 17 12¢11%) 3(18%)
Lumbar 5- 5 {100%) 0
Double 4l 21 {(51%) 1 (275

I Pediorr Orthap, Yol. 17. No. 6, 1992
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TABLE 3, Risser 0-1 (76 patients)
No, of Excellent result
Curve patients (<5° change)
25-29° 37 20 (78%)
30-39° 32 16 (50%3
4049° - 7 1(14%)

double curves had 80% excellent results and 10% poor
resulls,

" All patients retumed for a follow-up evaluation an
average of | year, 2 months afier discontinuing the brace,
At this follow-up, 37% of all the curvaiures had noted
some progress, whereas 38% of the curvatures had
shown continued improvement, and 25% of the curva-
tures had shown no change since the end of brace wear,
There was an overall average increase of 0,8° per cur-
valure at last follow-up since discontinuing the brace,

Three complications were associated with brace wear;
all were reported in the preliminary study, Transient neu.

This was refleved by trimming the brace. Two patients

had local skin erythema. No patients had skin break-
down, '

DISCUSSION
Our preliminary study suggested that 8 h of nighttime

bracing with the Charleston. Bending Brace may be as -

effective as other methods of orthotic management for
scoliosis, This longer term study confirms that observa-
tion.;Reports of the natural history of scoljosis indicate
that: 60~80% of patients in this study group would have
progressed without treatmen (5,12-15,17,18), Although
lower than our initially reported 83%, we believe that our
65 (66%) patients in this report with excellent results is
an improvement of the natural history of untfeated sco-
liosis, :

The results of this study compared favorably with the
‘Milwaukee brace results reported by Lonstein and Win-
fer (14}, At completion of treatment with the Milwaukee
brace, 57% of patients (187 of 329) who had a Risser
sign of 0 or | and a 20-39° curve had an excellent result,
This deteriorated 1o a 439 excellent result at follow-up,
The Charleston brace produced 61% excellent results in
69 patients who had a Risser sign of O or 1 and a 25-39°

{
!
_..._k,,,,Q,Wsﬂ}imsm;s_reponedﬁyﬁhonsteirﬁsnd“Winter‘rnﬁy—a“Risser $ign of 0, 1, or 2. Green reported 89% excellei E

~ have been less favorable if honcompliant patients had
been included in their andlysis.

TABLE 4, Risser 2 {22 patients)

No, of Excellent - - Brace
Cueve type patients resuly - _Mailure
Single thosacic 4 4 (100%) 0
Thoracolumbar 7 6 (B6%) 0
Lumbar . | | (100%) 0
Doubte 10 B {80%) 1 {10%)

1 Pediote Qrthop, Val. 17, No, 6, 1997
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- ‘
No. of Excellent resul
Curve palients (<57 change)
25-29° 9 11189
30-39¢ 1] 10919,
40-49* 2 2(100%)

TABLE 5, Risser 2 (22 patients) .

Higher success rates of ~80% were reported by Emans
et al, (8) with the Boston brace (8). However, that study
included patienis Up to age 18 years with Risser sign of
0-4. Their resuhts in immature patients were not analy zed

tioned whether Boston bracing alters the natural course
of a scoliotic curve.

Bassert et al, (4) reported 72% excellent results with
the Wilmington brace for patients who had a Risser sign
of Oor ! and a curve of 20-3g°, However, they elimi.

Allington and Bowen (I) reporied 59% excellent re-
Sults in patients with curves <30° and 41% excellen: -
results in patients with curves 30-40° with putt.iime
bracing with the Wilmington brace, They also eliminated
noncompliant patients from their study, They noted thay
part-time and full-time bracing were equally effective in
preventing progression of immature curves of =40°,

In this Charleston Bending Brace study, we included
all curves and noncompliant patients. It is qur opinion
that treatments thag patients reject should be reported,
We found the Charlesion Bending Brace to be well gc.
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brace study, jt is often difficult 10 judge noncompliance
or partial compliance, Because we feel that this js a large
source of bias, no patient was excluded from the study on
the basis of noncompliance or partial compliance, -
Green (10) reported a group of 44 patients selected in

malure palients with curves of 25-49°,
In this study, as in (he preliminry repon, double

double curves to the bending brace is related 10 the dif-
ficulty in “unbending" two opposing curves. This may
be reflected by the in-brace correction of 87% for major
curves and only 33% for compensatory or secondary
curves, This lower Percentage of coreciion may ulso
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explain the 13% incidence of progression of the com-
pensatory curves. Current techniques of bending-brace
application have been modified 1o address the problem of
double curves, and additional clinical trals are now in
progress using these newer methods,

As in any multicenter study, we noted problems with
data collection and control, We tried 1o overcome this by
one or more of the authors collecting and reviewing all
follow-up data for this study.. During this review, we
were surpnised to find a number of patients who did not
fit our initial inclusion criteria and thus were excluded
from this follow-up report. We have learned that multi-
center siudies should be strictly controlled and reviewed
independently from the outset by one or two primary
authors,

In an effort to be self-critical, our reported results may

be skewed in the direction of poarer results, For double
curves, the worst curve at follow-up was reporied for
individual patient analysis. For any patient for whom the
treatment failed because of one curve, the other curve
was automatically reported as a failure, We also reported
as poor results those patients in whom surgery was rec-
ommended but refused and those patients who had a
brace change, We also monitored and reported all curves,
including secondary and compensatory curves, and if any
secondary or compensatory curve increased 5°, it was
reported as a brace failure. Other authors have published
examples of increases in secondary curves of >5° tha
they did not report as failures because there was no in-
crease in their primary curve (14),
—1In-conclusionrthe
ment.of scoliosis with the Charleston Bending Brace
continue to be encouraging. It is possible that full-time
conventional brace wear would improve results, but
compliance is difficult and burdensome for many pa.
tients, Part-time wear has been demonstrated to be just as
effective as full-time wear, bul this may reflect failure of
full-time compliance as much as it reflects success of
part-time wear. It is our opirtion that the Charleston
Bending Brace improves the natural history of idiopathic
scoliosis and is as effective as other reported brace-
management programs. -
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