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Summary: The authors studied 12 adolescent patients with scoliosis (10 girls and 2
boys) who were 11 to 16 years old and had curvatures ranging from 20° to 60°. Seven
were right thoracic curves and five were thoracolumbar with double curves. When tested
on the MedX Torso Rotation Machine, both sides were unequal in their torso rotation
strength all patients. Myoelectric activity was asymmetric in both sides and in abdominal
and paraspinal muscles of all patients. These asymmetries were corrected completely
with torso rotation, which was associated with significant strength gains. Strength gains
ranged from 12% to 40%. A 16-year-old girl with a 60° lumbar curve progressed and had
surgery. None of the remaining patients progressed, and 4 of the 12 had decreases in their
curvatures from 20° to 28°. None of the patients used braces during this study. Key
Words: Idiopathic scoliosis—Strength training—Scoliosis progression.

The cause of adolescent idiopathic scoliosis remains
unclear. Many interrelated factors have been identified,
but none clearly seems primary. One specific factor that
may be relevant for treatment is the evidence of muscle
asymmetry associated with curvature. The asymmetry has
been noted in histologic and histochemical studies (7,9,
11,19,22). All studies seem to support a predominance of
type 1 fibers on the convex side. Asymmetric myoelectric
activity in the convex and concave sides also has been
noted (8,16,17,24,25). There seems to be hyperactivity in
the convex side. Even muscle mass as identified with real-
time ultrasound has shown asymmetry (10). The lumbar
multifidus area was found to be larger on the opposite side
of the thoracic curve convexity and on the concave side of
lumbar and thoracolumbar curves.

Surprisingly, with all this information on the asymme-
try of muscle function in scoliosis, no data exist about the
strength differentials between sides for adolescents with
scoliosis. The effectiveness of exercise has not been
shown. One preliminary study investigating the effects of
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an exercise program in adolescents with minimal idio-
pathic scoliosis has been reported (20). This exercise pro-
gram included the combination of sit-ups, leg lifts, pelvic
tilts, and so forth. But there was no particular rationale.
Each exercise was to be performed 10 times once a day.
No significant difference in curvature was found between
the exercise group and the control group. The exercise
group was told to do each of the exercises 10 repetitions
once a day, but the authors noted that most patients did not
exercise according to their instructions. Only 59% could
remember the exercises taught to them. Strength measure-
ments to document change or compliance were not made.
No other measurement of compliance was presented.

Because morphologic differences between sides have
been demonstrated, we wanted to determine if a relation
exists between torso strength and scoliosis. There is some
evidence that a significant asymmetric increase in strength
can cause scoliosis. A Scandinavian study found that
among elite athletics with asymmetric strength required in
the trunk and shoulders, such as javelin throwers and ten-
nis players. a small thoracic curvature of approximately
10° occurs in more than 80% of participants who develop
their skills during adolescence (21).

Swimming has been considered a prophylactic exercise
for persons with scoliosis. Becker (4) performed an ex-
tensive study in which 336 Junior Olympic swimmers



STRENGTH TRAINING IN ADOLESCENT IDIOPATHIC SCOLIOSIS 103

were evaluated for scoliosis. Sixteen percent had mild
.nctional curves, all with the convex curvature on the
hand-dominant side of the body. This suggests that muscle
imbalance is a possible contributor to scoliosis.

However, exercise as a therapeutic regimen needs to be
measured. In addition, if it is to be effective, compliance
must be consistent and monitored, and progress should be
evaluated. Objective information about the effect on
muscle activity can be achieved only with standardized
measurement tools.

With that in mind, we performed a small pilot study
using specialized equipment to measure torso strength in
adolescents participating in progressive strength training.
In addition, to evaluate muscle activity, we used surface
electrodes to evaluate comparative torso myoelectric ac-
tivity.

MATERIALS AND METHODS

We used the MedX Rotary Torso Machine (Ocala, FL,
J.S.A.) for torso rotation strength training and measure-
ment of relative torso rotation (Fig. 1). The pelvis is sta-
bilized in a sitting position and the torso is free to move in
as much as a 96° arc rotating to the left or right, or visa
versa. For the purpose of this study, torso rotation was
restricted to 36° in each direction. Thus. full torso rotation
from one direction or the other is 72° With this device,
there is a stop at every 182, at which isometric strength can
be measured. Thus, for the full 72° arc rotating from 36°
on the left to 36° on the right, for instance, there are five
measurement positions for isometric strength. Rotation is
resisted in the exercise mode by a weight stack, with re-
sistance being translated to the rotary axis by a cam so that
a constant resistance is present through the full arc. This is

typical of Nautilus-type devices. Thus, in this exercise
mode, the amount of resistance is known and the number
of repetitions before fatigue occurs is recorded. Typically,
when 20 repetitions at one level of resistance can be ac-
complished, the resistance is increased by approximately
5% at the next exercise session. Initially, the participants
exercised twice a week, but when near equal left and right
strength was achieved, exercise sessions were reduced to
once a week. The exercise regimen was performed for 4
months. The exercise was both in the eccentric and con-
centric mode, to the left and to the right.

Testing on the machine was done at monthly intervals.
The isometric pattern, starting and end point, could be
printed (Fig. 2). The mode of testing was in the direction
of exercise (i.e., left to right or right to left). Because the
muscles are at greatest strength at the starting point, full
rotation to the right on the occasion of left rotation testing,
the isometric strength was typically strongest in that po-
sition and decrease gradually to a considerably lessor
amount at full left rotation (36°). In this way, differences
in left and right rotation strength could be monitored, and
change in strength at a monthly level could be defined in
addition to monitoring the change in resistance on the
occasion of the dynamic exercise.

Myoelectric activity was monitored (ME 3000 Mega
Electronics, Kuopio, Finland) in the upper lumbar para-
spinal muscles. apparently the multifidus. The electrodes
were placed 2 inches from the midline on the left and right
just below the lowest rib. Additional electrodes were
placed on the upper abdomen overlying the oblique
muscles, again 2 inches from the midline and 2 inches
below the rib cage on the left and right. The same posi-
tioning was used in all participants.

Twelve adolescents were recruited for this study (Table

FIG. 1. The MedX Torso Rotation unit illustrates
isolation of torso rotation capacity, the measurable
resistance feasible with a weight stack, and comput-
erized feedback, which can demonstrate perfor-
mance.
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None of the remaining participants progressed, and cur-
vature decrease from 20° to 28° in four of the girls. None
of the patients wore braces during the time of this study.

DISCUSSION

The purpose of this pilot study was not to find a cure for
adolescent scoliosis. It does document. however, that there
is a consistent asymmetry in torso rotation strength that
can be shown with specific strength testing and with myo-
electric activity. This is definitely abnormal.

In that an asymmetric rotation strength deficit is so
consistently demonstrable, strength training would seem
to be a rational therapeutic approach. The failure in the
past of exercise training to show effective treatment for
adolescent idiopathic scoliosis may be ascribed to many
factors. Certainly without a specific piece of equipment,
isolation of appropriate musculature is not possible. In
addition, without specific equipment, strength change can-
not be measured. Finally, as was shown by Stone et al.
(20), compliance by otherwise healthy pain-free adoles-
cents is a considerable problem. In our study, the minimal
demand on time, along with the objective evidence of
improvement in strength (positive biofeedback), were im-
portant inducements for continued compliance. None of
the participants dropped out of the study. Sometimes so-
cial events and family vacations interfered with complete
consistency, but the children always started back in their
eXercise program as soon they were available.

Electric muscle stimulation was once thought to be an
advance in exercise treatment for scoliosis. Results of
early clinical studies were encouraging (5,6). Axelgaard et
al. (3) showed in animal studies and in clinical practice the
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correction of spinal curvature. However, when applied to
a broad group of adolescent patients with scoliosis, it was
found to be ineffective (15). In this study of 25 patients
with curvatures between 25° and 35°, one was improved
and 10 became worse. It was thought to be ineffective and
no better than natural history.

In all of the articles that discuss electric stimulation,
there was no before and after strength testing, or compara-
tive electromyelographic studies. It must be recognized
that surface electrode stimulation of peripheral muscles
does not bring the central nervous system into facilitation
of muscle activity. Electric stimulation alone has never
been shown to change electromyelographic patterns.

Of course, specific exercise training cannot be proposed
to replace standard nonoperative brace therapy. Brace
therapy, however, as with unmeasured exercise, is cer-
tainly complicated by patient noncompliance. This may be
a factor in its efficacy. Clinicians are aware that efficacy is
not universal. In a series of 1,020 patients who wore
braces for significant scoliosis, Lonstein and Winter (12)
found a lack of significant progression in 78%, but they
recommended longer bracing beginning with a curve at
25° to gain that level of success. There still remains some
question about the utility of bracing. Noonan et al. (14)
believe that bracing did not significantly change the natu-
ral history in their series of 111 patients.

In an attempt to summarize current status, a meta-
analysis of the efficacy of nonoperative treatments for
idiopathic scoliosis supported bracing if it was used 23
hours per day and showed it to be less effective if worn for
less time (23). Conversely. in a recent survey of the lit-
erature, exercise was not mentioned (18).

There is also some question as to what happens to
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a response to training with a sub-
stantial increase in activity.
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FIG.2. Strength changes at the beginning and conclusion of a torso rotation exercise program in a typical adolescent patient with scoliosis

An increase in strength is clearly documented.

1): 10 girls and 2 boys whose ages ranged from 11 to 16
years. Because the children had to agree to participate in
the training program for 4 months, the cooperation of their
parents was necessary to make them available for the ini-
tial twice-weekly training sessions. The parents also had to
agree to make available the baseline radiographs and have
another radiograph 4 months after the program.began. The
curvatures ranged from 20° to 60°, Seven participants had
right thoracic curves and five had double curves.

RESULTS

All participants had an initial strength differences be-
tween sides ranging from 12% to 47%. In 10 of the 12
participants, the muscles were weaker on the concave side
of the thoracic curve. The other two participants in whom
that was not true had double curves, with the weak side on
the concavity of the lumbar curve and thus on the convex

thoracic side. The severity of strength differences did not
correlate with the severity of curves.

Ten members of our staff were tested on the torso ro-
ration machine (five men and five women; average age,
26.2 years). None were elite athletes who used unilateral
arm function. None had scoliosis, and both sides were
equal in their rotation strength.

Results of electromyelographic swmdies paralleled the
strength differences. Myoelectric activity was consistently
asymmetric at the onset of training. The asymmetry oc-
curred between the lumbar paraspinal muscle sides and
between abdominal obliques and paraspinal muscle activ-
ity on the weaker side. At the conclusion of the training
program, myoelectric activity was always approximately
equal (Figs. 3 and 4).

One adolescent participant demonstrated progression.
This was a 16-year-old girl with a 60° lumbar curve. It
progressed 7° and she eventually had corrective surgery.

TABLE 1. Participants in scoliosis exercise pilot study

Pretraining Postrraining Pre/post training
Age Menarche Risser Curve thoracic curve thoracic curve difference

Patient (yn) age score type Handed (degrees) (degrees) in strength (%)
1 11 Male 0 Lt thoracic Right 25 5 47
2 13 13 3 Rt thoracic Right 30 28 22
3 14 13 3 Rt thoracic Right 45 32 37
4 13 11 3 Rt thoracic lumbar Right 41 38 40
5 1 1 0 Lt thoracic Left 20 19 15
6 12 11 1 Rt thoracic Right 31 16 25
7 12 11 2 Rt thoracic Right 29 20 30
8 4 12 3 Lt thoracic lumbar Right 20 20 12
9 15 12 4 Rt thoracic Right 2 21 15
10 16 12 4 Rt thoracic lumbar Right 60 67 18
i 12 Male 2 Lt thoracic Left 29 28 20
12 14 12 4 Rt thoracic Right 50 32 38
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muscle strength and endurance when a brace is womn. A
recent article by Meier et al. (13) focused on the difference
between muscle type on the concave and convex sides of
adolescent curves. In those who were not braced, there
was a shift of fiber type from type 1 (slow) to type 2 (fast).
In those who were braced, however, there was a signifi-
cant increase in intermittent type 2 C fibers throughout the
scoliotic spine, on the concave and the convex sides. Type
2 C fibers are transitional from slow to fast fibers. The
authors interpreted the data as showing that a muscle ab-
normality is not the primary cause of scoliosis, because
external circumstances such as bracing could change the
fiber type. The data could also be interpreted to show that
prolonged brace wearing encourages the transfer from the
postural (slow muscles) to a less fatigue resistance (fast
muscles). That probably is not a positive step for the pos-
ture of a patient with scoliosis when a brace is not used.

One other challenge to the effectiveness of bracing is a
recent study that measured the strap tensions of a thora-
columbosacral orthosis brace worn for adolescent scolio-
sis (1). The authors found great variability in the amount
of tension based on the position and posture of the patient.
The tensions were almost completely relaxed when the
patient was recumbent while wearing the brace. Thus, the
consistent effectiveness of bracing is questioned.

Returning to the subject of muscle activity in the case of
adolescent scoliosis, it seems clear from our study that a
significant imbalance occurs consistently. Our observa-
tions were reinforced by a recent study of integrated elec-
womyelograms of the thoracic and lumbar musculature of
adolescent patients with scoliosis (2). This study found
significant differences in lumbar myoelectric activity dur-
ing isometric strength testing in standing extension during
submaximal exertion. This was specifically true of the
lumbar muscles in a series of right thoracic curves. The
authors note that the differences were present even though
there was no deformity in the lumbar spine. This, there-
fore, suggests that asymmetrical spinal muscle activation
may not be caused by the curvature itself but may be more
primary in the central nervous system.

There are significant limitations to the study presented.
It is certainly a very small number and cannot really be
contrasted with natural history because the study was not
long enough. The patients were not followed to skeletal
maturity, and the duration of the results cannot be re-
ported.

Nonetheless, the reality of muscle imbalance has cer-
tainly been supported by various studies in the literature
and by this one. Our study shows that this muscle imbal-
ance can be corrected by specific exercises that isolate the
appropriate musculature. Progress that can be measured
can be monitored. Compliance with this type of program

J Spinal Disord, Vol. 13. No. 2, 2000

is not a problem. Most of the children fared well with their
curvature while they participated in the program.

This is not an endorsement of specific equipment. The
equipment used in this study was chosen because it could
provide specific measurement. It is possible that less so-
phisticated equipment might be equally effective. Because
controlled resistance exercises are so safe, inexpensive,
and emotionally satisfying, there is no reason why they
should not be offered. To our knowledge, this type of
study has not been conducted before.
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