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Long-Term Follow-Up of Patients with Adolescent
Idiopathic Scoliosis Treated Conservatively: An Analysis
of the Clinical Value of Progression
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was 5.1°, Almost all progression (4.5°) occurred within 2
years of the end of weaning, however. The incidence of
failure with regard to the length of follow-up was also

Summary: In a retrospective study, 217 patients with’
conservatively treated adolescent idiopathic scoliosis

(AIS) were investigated. Forty-nine cases were operated
and 168 were treated only conservatively and had been sluched A follow-up of 2 years was sufficient to predigt

out of the brace for at least 4 years at the time of the ) - great accuracy (97%) all incidences of failure. Key
investigation. The progression between cessation "of 4’ W d,s,, Adolescent idiopathic scoliosis—Brace (reat-
brace-treatment and follow-up (a mean of 6.9 years later) mem—Farlure,——Long-tcnn follow-up—Progression.

The question of whether brace trcatment can . 1981 was made in Malmé in 1986. Forty-nine of 233
change the natural history of adolescent ldlopathlc patients were operated either within 2 years after
scoliosis (AIS) has been widely discusséd in theit- weaning from brace treatment (37 patients) or after
erature (4,6,7,9) during the last few years. Several _2-year follow-up (12 patients). One hundred eighty-
long-term follow-up studies (2,4-6,8,11) have found four of 233 were treated only conservatively and
a slight progress up to 10 vears after weaning for had been out of the brace for at least 4 years at the

-.most curves treated with the, Milwaukee brace, No . .. time of examination. Qnly patients with a period of
studies, however, have analyzed the clinical value  brace treatment of at ‘least 6 months were included
of this late progress, i.c., whether the number of”  in the study.
failures increase continuously with time. If so, The indication for brace treatment was a progres
brace treatment would merely change the time sive curve =25 degrees in a child with a skeletal age
course of the natural history rather than prevent <16 years Yor girls and <17 years for boys. For
development of failures. Surgical intervention as a curves >30° when diagnosed, the progression crite-
consequence of failed brace treatment could then be ria was not necessary. All patients were treated

performed when the patients were in their late regularly reexamined exclusively at the Spine Unil
twenties rather than when they were teenagers. in Malmo General Hospital.
We studied the rate of late progress after weaning The end of weaning (EW) was defined as the

of brace treatment to determine whether a 2- -year point at which the patient was out of the brace com-
follow-up after weaning and cessation of growth is pletely during the day. Failure of brace treatmenl
enough to predict the clinical result, i.e., whether or was defined as a Cobb angle of =45°, i.e., a gener
not operation will be necessary Iater. Our purpose ally accepted indication for surgery. For each p&
was not to define different patterns of progression tient, the Cobb angle was registered at the stari of

or to seek early predictors, brace treatment (PRE), at EW, at the follow~u% |
ter 2 years (2y), and at the last follow-up (LAST)2
MATERIAL AND METHODS least 4 years after weaning. Of the original 184 p&

A retrospective study of 233 consecutive patients tients treated conservatively only, two move
conservatively treated for AIS between 1969 and abroad within 4 years of termination of brace treal’
ment and 14 refused, despite repeatcd calls, to b
examined at least 4 years after weaning, One hup

Address correspondence and reprint requests to Dr. Fredrik hli
Montgomery at Department of Orthopaedics, Malmd General dred sixiy-eight patients were thus available for !
Hospital, $-214 01 Malms, Sweden. survey, a follow-up rate of 91%. é
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{ TABLE 1. Curve magnitude and age at different
: observaiion times

T
w"em PRE EW 2y LAST
]-;y\iludc i

fegrees) D265 280107 3252105 3ix 1S
feon) M3£16 16022 180214 229£29

e A
IPRE, before stari of brace treatment; EW, end of weaning from brace;
{Y. 2.year follow-up; LAST, last [ollow-up,

it
’ RESULTS

f Table 1 shows the age and curve and the magni-

jude at the beginning of brace treatment and at dif-
ferent observations up to the last follow-up, for the
168 cases treated only conservatively, The curve
rogression from EW to the 2-year follow-up was
45%, A slight further progress of 0.6° occurred up to
Ihélast follow-up. For the 12 cases operated after at
least 2 years of follow-up, the progression between

EW and 2y was 10.2° and a further 5.4° to the last -

follow-up; i.e., at the time of operation,

. The distribution of .time for follow-up is illus- .
drated in Fig. I, The méan follow-up from EW to °

LAST was 6.9 * 2.5 years. All patients were fol-
lowed for at least 4 years, and 50% were followed
for >6 years 3 months. The change in degrees be-

iwgen EW and LAST is shown in Fig. 2. The pro- -
-tréssion mean was 5.1°. The change in degrees be-

‘Wween EW and 2y is shown in Fig. 3. The mean
value was 4.5°, Figure 4 shows that the change in
" degtees between 2y and LAST had a bell-shaped
distiibution around the mean of 0°. :

Tables 2 and 3 show the development of failure.
Ofthe 184 patients with a prebrace curve <45°, 24
developed failure during the brace treatment and all
but one continued to have failure throughout the
follow-up. Five of 138 patients with good results at
the 2<year follow-up ended with failure at the final
follow-up. For these five patienis, the mean pre-
brace curve was 36.4° as compared with 32.8° for all
134 patients. Furthermore, the mean follow-up from
B to 2y was only 1.5 years for these patients (i.e.,
Somewhat shorter. than that of the entire group), and

solay
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: .st"fbmion of time for follow-up from early weaning
% rﬁe" offow-up (LAST); n = 168, Mean = 6 years 11
tMedian = 6 years 3 months.
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FIG. 2. Frequency of change In degrees from early weaning
(EW) to last foliow-up (LAST); n = 168, Mean = 5.1°,
S

the curve magritudefat follow-up was a mean of
97465

. For 10 of 33 patien(s with a prebrace curve =45°,
the result of brace treatment was successful in that

“"the Cobb angle decreased:to.<45° thus, these pa-

tients ng-longer required surgery. However, for the
majority (7.of 10) of these successful cases, the re-

- sult was rjot ‘acceptable, since the curve increased

after the end of brace treatment and 2 years later
was again >45°. For 210 of 217 patients (97%) the
clinical result at 2-year follow-up was a good pre-
dictor of the end result, whether or not failure had

occurred.

“ DISCUSSION

The aim of the present study was to examine
whether a follow-up of two Yyears was enough to
predict late progression or. development of failure of
brace treatment, When a patient treated conserva-
tively meets the indications for surgery, the conser-
vative treatment is considered a failure.

We chose to use the term failure, as defined as a

1 63g2

Number of patiente
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FIG. 3. Frequency of éhange in degrees from early weaning
{EW) to 2-year follow-up (2y); n = 168. Mean = 4.5°

~
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i the indications for surgery are fulfilled, COnserya.
= — 96 live treatment has failed no matter how the patjey
2 N ] is later treated. A Cobb angle of 45° is chosen ag
a lower boundary for fa.tlurg since it is a generally

% ] accepted limit for surgical intervention,
% In the literature, the result of studies eXamining
£ E progression is usually expressed as the risk (g5 a
2 501 percentage) for a progression of 5 or 10°. In a mixeq
1 30 (32 group of both conservative and surgical cases, the
1 W risk for progression will be statistically underest;.
7] mated, because the cases already operated canngy
12 ﬁ1 11 progress. The conclu§1ons.concem1ng progression
B e e from such a study are invalid, both for cases treateq
-0 0 10 20 30. conservatively and for surgical cases. If, on the
DanpeaE GHaNTe - othg.r hand, sulrg_tcai ca;ses_ are fexc]uded_ from the
FIG. 4. Frequency of change in degress from 2-year follow-..  Study, the result is a selection of cases with moder.
ate progression as a consequence of a successfyl

up {2y) lo last follow-up (LAST); n = 168. Mean = 0.6 ; !
S conservative treatment. Therefore, we believe thy

«,  the only way to include surgical cases is {0 evaluate
Cobb angle =45°, insted of the number of cases the development of failures.
actuaily operated as a target for failed conservative . Clinical evaluations in this sense have not, to our
treatment because even if the indications for surf}i +% knowledge, been previously published. Even stud.
gery are generally accepted, a variety of factors inyj": .ﬁs’.,conccrniug long-term follow-up of AIS rarely
fluence the decision to perform an operation. Once™  + fgpﬁbar in the literature (1,4-6,8,10). In most, the

TABLE 2. Development of failure®

PRE EW v 2y ’ LAST Prediction
NF NE 7 .. ' NF NF Correct®
T < n= 133
PBC = 31.0
n = 138
F Incomrect®
PBC = 31.2
- My n=35
* "PBC = 36.4
n = {60
NF Incomrect®
PBC = 31.9
n=1
PBC = 37.0
< F Correct®
n =2}
PBC = 37.0
n= 18 . Correct?
NF
PBC = 32.8 F NF
n=20
O n=0 F Correct?
n=90
n=24
NF Incorrect®
PBC = 38.9 F .
n=1
PBC = 38.0
n=24
F Correct?
PBC = 389 n=23,
PBC = 39.0

PBC, prebrace curvature, Cobb angle just before brace treatment; NF, no failure, Cobb angle <45°
F, failure, Cobb angle =45°; other abbreviations as in Table 1.

¢ Patients with a curve <45° at stari of brace treatment.

& Correct prediction at 2 y follow-up (n = 210). ~

¢ Incorrect predictionat 2 y (n = 7).

J Pediatr Orthop, Vel, 10, No. 1, 1990 L
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TABLE 3. Development of failure®

PRE EW 2y LAST Prediction?
NF Correct
n=3
NF
PBC = 47,7
ne=3
PBC = 47.7 F Correct
n=290
NF
n= 10
PBC = 474 NF Correct
n=20
F
n=7
PBC = 47.3 F Correct
n=7 :
F PBC = 47.3
n =33
PBC = 48.2 NF Correct
n=20
- NP <
n=0
F Correct
. n=10
F &
. n=23
PBC = 48,7 NF Correct
n=20
F
n=23
PBC = 48.7 F - Cormrect
e ‘n=23
‘v PBC = 48.7

Abbreviations as in Tables 1 and 2, .

2 Patients with a curve =45° at start of brace treatment {(n = 33). '

& At 2y follow-up. .

magnitude of the prebrace curvature was B40‘\in,': ,-
most patients, a curve for which the risk of progrés--

sion is greatest, To be able to draw reliable concli-*: g

sions about a study, the number of patients lost to’
follow-up must be minimized (3). Ninety-one per-
cent of the original number of the patients were
included in our study. The patients lost to follow-up
did not differ from group as a whole with regard to
age, curve magnitude, and result up to 2-year fol-
low-up.

In 1977, Mellencamp et al. showed a slow pro-
gression in patients aged <30 years. They reported
a mean progression of 7° between EW and LAST
(8). However, he did not make a measurement be-
ween EW and LAST and thus could not say when
the curves progressed. In our study, as in a few
others (4,6), afl curves were measured ~2 years af-
ter cessation of brace treatment. The progression
s["m EW to LAST was 5°, similar to results in the

tudy of Mellencamp et al., but almost all progres-
Sion appeared within 2 years of EW.
In 1983, Hassan and Bjerkreim (6) reported that
% of the curves progressed after age 20 years.

_Ov:ever, for curves with a prebrace magnitude
» Progression was almost negligible. Cochran

achemson, in 1985 (4), also reported a late

4
-

progression. They showed a relationship between
ldte progression and pregnancy. Because we did not
Hegister the occurrence of pregnancy in our study,
we cannot draw any conclusions about this aspect.

_The greatest progression in this study was evi-
dent within 2 years EW, independent of the magni-
tude of the prebrace curve, On the other hand, pre-
brace curve magnitude was of vital importance for
development of failure. Only 10% of all failures,
operations included, had a prebrace curve <35°
For comparison, in 75% of all successful cases,
brace treatment was started with a curvatare <35°

As in most other studies, for most of our conser-
vatively treated patients curve progression defi-
nitely ceased, and there was no tendency to require
late operations. Ten percent of all operations did
occur late, i.e., after the 2-year follow-up, How-
ever, all five late cases had already met the indica-
tions for surgery within 2 years of cessation of the
brace treatment and therefore actually were not late

operations.

CONCLUSION

From this study we conclude that brace treatment
does not postpone curve progression Lo the late

J Pediair Orthop, Vol. 10, No. 1, 1990
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twenties; thus, there is no ground for the statement
that surgical interventions will occur later. We aiso
conclude that a follow-up 2 years after weaning is
sufficient fo predict the clinical result with great
accuracy (97%).
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