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™ The Relation Between Electromyography and Growth
Velocity of the Spine in the Evaluation of Curve
Progression in Idiopathic Scoliosis

John Cheung, MD,* Albert G. Veldhuizen, MD, PhD,* Jan P. K. Halbertsma, PhD,t
Natasha M. Maurits, PhD,+ Wim J. Sluiter, PhD,* Jan C. Cool, MSc,§ and

Jim R. Van Horn, MD, PhD*

Study Design. A prospective study in which patients
with idiopathic scoliosis were examined longitudinally by
radiographic and electromyographic measurements ac-
cording to a protocol.

Objectives. To measure the growth velocity of the spine
and the electromyographic ratio of the paraspinal muscles
to determine their relation to progression of the scoliotic curve.

Summary of Background Data. Several factors have
been reported to be involved in the progression of idio-
pathic scoliosis. Possible factors may be growth distur-
bances and muscular abnormality.

Methods. Thirty patients with idiopathic scoliosis were
examined over periods of 4 to 5 months. The periods
were scored for progression, defined as an increase in
Cobb angle of >10°. Spinal growth velocity was mea-
sured as the length difference of the scoliotic spine be-
tween two consecutive radiographs. The electromyo-
graphic activity on both sides of the spine expressed as
an electromyographic ratio was measured during relaxed
upright standing using bipolar surface electrodes. Pre-
dictability of progression was evaluated with regression
analysis and receiver operating characteristic analysis.

Results. There was an independent association be-
tween both spinal growth velocity and electromyographic
ratio and progression of the scoliotic curve. An equal sen-
sitivity and specificity of spinal growth velocity for progres-
sion of 79.1% was observed at a growth velocity cutoff point
of 11 mm/year. Similarly, a cutoff point of 1.25 for the elec-
tromyographic ratio could be determined with a predictive
value for progression of 68.9%. In the presented nomogram,
a spinal growth velocity >15 mm/year combined with an
electromyographic ratio >2 gave an 89% probability of pro-
gression of the scoliotic deformity. Growth velocities <8
mm/year never resulted in progression.

Conclusions. The combined measurement of spinal
growth velocity and electromyographic ratio has signifi-
cant predictive potential and may be valuable in the eval-
uation and treatment of idiopathic scoliosis. [Key words:
[idiopathic scoliosis, spinal growth velocity, electromyo-
graphic ratio] Spine 2004;29:1011-1016
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The management of idiopathic spinal deformity in young
adolescents constitutes challenging and complex clinical
problems for an orthopedic surgeon. Treatment is largely
aimed toward preventing curve progression. Many fac-
tors have been reported in the curve progression of idio-
pathic scoliosis (IS), but conclusive answers are
scanty. 3 12:13:15:22.24-28,30.343542 [ i¢ now commonly
assumed that no single cause can explain the develop-
ment and progression of IS, and a multifactorial gen-
esis is generally accepted. Possible factors may be the
remaining growth potential and imbalance of the
paraspinal muscles, both resulting in biomechanical
instability leading to progression of the scoliotic
curve. 156:12:15,19,33,36,37,39,4041,44.45.46 [f ¢, the spinal
growth velocity and the variations of electromyo-
graphic (EMG) activity of the spine may be relevant.

These studies have concentrated on the skeletal spinal
growth and the paraspinal activity separately in relation
to progression of the scoliotic curve. Detailed studies of
the relation between spinal growth and paraspinal activ-
ity in the context of curve progression do not seem to
exist. Moreover, no study to our knowledge has evalu-
ated the correlation between spinal growth velocity and
EMG activity of the paraspinal muscles.

Some of our own preliminary results suggest that spi-
nal growth velocity and paraspinal EMG activity may
have predictive value for progression of the scoliotic
curve.®>*? The combined effect of EMG activity and
growth velocity of the spine on progression of the scoli-
otic curve has hitherto not been reported, to our
knowledge.

We therefore compared the spinal growth velocity
and the paraspinal EMG activity in children with IS.
Spinal growth velocity was measured as the difference in
length of the scoliotic spine on two consecutive digital
radiographs. The paraspinal EMG activity was ex-
pressed as the ratio of activity on the convex and concave
sides of the scoliotic curve. The children were examined
on determined periods wherein these periods were qual-
ified as nonprogressive or progressive.

The objectives of this study were to evaluate whether
a correlation could be found between spinal growth ve-
locity and EMG activity of paraspinal muscles, and to
investigate their possible relation to progression of the
scoliotic deformity. Our hypothesis was that children
with IS would show enhanced asymmetric paraspinal
EMG activity in association with a more pronounced
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spinal growth velocity during periods with progression,
compared with periods without progression of the scoli-
otic curve. To establish more detailed insight, we further
evaluated this relation for its predictive value for pro-
gression of the scoliotic deformity.

B Materials and Methods

Patient Groups. All patients with adolescent idiopathic sco-
liosis (AIS) attending the Department of Orthopedic Surgery of
the University Hospital of Groningen were identified. Patients
with a diagnosis of scoliosis with right-sided thoracic spinal
curves on the initial digital radiographic examination were in-
cluded between January 2000 and January 2002. Thirty pa-
tients (26 girls and 4 boys) fulfilled the inclusion criteria. The
severity of the scoliosis (according to Cobb?) on the first radio-
graphs varied between 10° and 60°. The ages of the patients at
inclusion varied from 10 to 16 years. Each patient was exam-
ined clinically and then monitored by digital radiographic and
EMG examination in periods of 4 to 5 months. The examina-
tions were evaluated using standardized methods and tests, of
which details and methods of measurement have been pub-
lished previously.” A period between two consecutive visits was
scored as progressive or nonprogressive. Progression of the
scoliosis was defined as a Cobb angle difference of >10° in-
crease of curvature.

Twenty-seven patients were monitored during four succes-
sive periods, two patients were seen twice, and one patient was
monitored during three periods. All subjects were examined
and measured by the same investigator, using the same mea-
suring equipment, and in the same testing conditions. Informed
consent was obtained from each patient and her or his parents
before data collection.

Digital Radiographic Measurements. All children had a
radiographic examination in standing position, which included
a posterior-anterior and lateral view of the spine. For the mea-
surements, anatomic landmarks were positioned at the corners
of the vertebral bodies from T1 to L4 on digital images with a
mouse (Figure 1) at the Easy Vision workstation (Release 5.1,
Philips Medical Systems, Best, The Netherlands). The curva-
ture was measured according to the Cobb method.” The digital
radiographic measurement technique using a computer algo-
rithm has been described in detail earlier.”

Electromyographic Measurements. Six pairs of bipolar sur-
face EMG electrodes (NEOTRODE 10 mm diameter, Utica,
NY, USA) were placed symmetrically along the superficial erec-
tor spinae muscles at three levels, 30 mm from the midline and
parallel to the spinous processes (Figure 2). The electrode levels
corresponded to the apex vertebra and both end vertebrae of
the curve. The ECG was measured from two electrodes at the
ictus cordis. The electrodes were connected to a multichannel
recording device (Porti system, TMS International, Enschede,
The Netherlands). Raw EMG signals were amplified, AD-
converted, and stored at a sampling rate of 800 Hz in a com-
puter for analysis. The EMG signals were full-wave rectified
and low-pass filtered. The ECG artifact correction was per-
formed by zero offsetting for 125 milliseconds around the QRS
complex. The EMG activity was expressed as the area under
the curve of the EMG recording during the measure. The

Figure 1. After placement of anatomic landmarks from T1 to L4 (A),
calculation of the length of the scoliotic spine through the mid-
points of all vertebra and discs between the upper endplate of T1
and the lower endplate of L4 (B) by a computer algorithm

method of EMG measurements has been described in detail in
a submitted paper.® The EMG signals were recorded with the
patients in a relaxed upright standing posture with arms along
the body and feet together.

Data Analysis. The variables used in this study were defined
as follows: the Cobb” method was used to determine the sever-
ity and progression of the scoliotic deformity.

The length of the scoliotic spine was measured on the digital
posterior-anterior radiograph from the distance through the
upper endplate of T1 to the lower endplate of L4 (Figure 1).
The spinal lengths, computed from two consecutive digital ra-
diographs, were used to calculate the spinal growth velocity in
millimeters per year.

Paraspinal activity (EMG) ratio was defined as the EMG
activity of a convex electrode pair divided by the EMG activity
of a contralateral concave electrode pair of the erector spinae
muscles. The EMG recordings of the apex vertebra and the two
end vertebrae were considered.

Statistical Analysis. The SPSS10 package was used for statis-
tical analysis. Table 1 shows the means and 95% confidence
intervals (CI) of the independent variables, spinal growth ve-
locity and EMG ratio, at the start of the periods. Both variables
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Figure 2. Placement of six pairs of surface electromyographic
electrodes on both sides of the spine to measure paraspinal
activity.

were log-transformed to obtain a normal distribution. Linear
regression analysis was performed to determine whether the
independent variables had predictive value for progression of
the scoliotic deformity. Statistical significance of differences be-
tween (non-) progressive periods was assessed by # tests.

To determine the predictive value of the spinal growth ve-
locity and EMG ratio on progression, the receiver operating
characteristic (ROC) procedure was used. In this report the
cutoff points with equal sensitivity and specificity with 95% CI
are given.

H Results

A total of 85 periods was studied, of which 17 were
progressive. The periods of progression of the scoliotic
curve occurred in 9 female and 2 male patients with a
mean age of 13.2 * 1.5 years. The remaining group of
17 female and 2 male patients, with a mean age of 14.6
+ 2.4 years, did not experience any progressive
period.

The mean with 95% CI of the spinal growth velocity
and EMG ratio at the upper end, apex, and lower end
vertebrae of the scoliotic curve at the start of the progres-
sive and nonprogressive periods are shown in Table 1.
The mean spinal growth velocity was 20.5 mm/year at
the start of progressive periods. In the nonprogressive
periods, the mean spinal growth velocity was 3.8 mm/
year at the start period. The spinal growth velocity at the
start of a period was significantly different between pro-
gressive and nonprogressive periods (P < 0.05).

Enhanced EMG ratios were observed at all three levels
of the scoliotic curve at the start of progressive periods.
At the start of nonprogressive periods, such an enhanced
EMG ratio was observed only at the apex. The EMG
ratios at the upper and lower end vertebrae did not differ
from 1. Comparison between the two groups of periods
showed significant differences at all three levels at the
start.

To determine whether there exists an association be-
tween spinal growth velocity or EMG ratio and progres-
sion, correlation coefficients were calculated. Spinal
growth velocity did show a highly significant association
with progression at the start of the period (r = 0.405,
P = 0.000). The EMG ratio at the lower end vertebra
was significantly associated with progression at the start
of the period (r = 0.371, P = 0.000).

To determine whether spinal growth velocity and
EMG ratio at the lower end vertebra were independently
associated with progression, multiple variable regression
was performed, using the values at the start of a period.
Both variables showed independent contributions, re-

Table 1. Mean Spinal Growth Velocity (mm/yr) and EMG Ratio and their 95% CI at Three Levels of the Curve at Start

of the Period

Period

Progressive
(n=17)

Nonprogressive
(n = 68)

Difference
Growth velocity Growth velocity P value
Start 20.5 (14.6-28.6) 3.8(2.6-5.6) 0.000
Difference
Electrode level EMG ratio EMG ratio P value
Start Upper end vertebra 1.47 (1.08-2.00)* 0.96 (0.81-1.15) 0.033
Apex 1.94 (1.46-2.57)* 1.30 (1.10-1.54)* 0.033
Lower end vertebra 2.23(1.60-3.11)* 1.09 (0.93-1.26) 0.000

Cl, confidence interval. * P value < 0.05, which means that the ratio difference of the convex and concave side is significant from 1.
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Table 2. Nomogram using the Variables Spinal Growth
Velocity (SGV) in mm/year and EMG Ratio for predicting
the Probability of Progression

SGV <8 8-15 >15 Total
EMG Ratio
<0.8 0/8 (0%) 0/6 (0%) 0/4 (0%) 0/18 (0%)
0.8-2.0 0/22 (0%) 3/15(20%) 3/7 (43%) 6/44 (14%)
>2.0 0/9 (0%) 3/5(60%) 8/9 (89%) 11/23 (48%)

Total 0/39 (0%) 6/26 (23%) 11/20 (55%) 17/85 (20%)

sulting in the following model (r = 0.522, P = 0.0000
(spinal growth velocity) and P = 0.001 (EMG ratio):

Change in Cobb angle degrees = —0.882+1.177%

In (spinal growth velocity) + 2.403*In (EMG ratio)

Although statistically significant, the associations
were too weak to be used for the individual prediction of
changes in Cobb angle. Using this formula, the standard
error of the differences between predicted changes and
the observed ones is 4.40°.

To determine the predictive value of the spinal growth
velocity at the start of a period on progression, ROC
analysis revealed the cutoff point for growth velocity of
11.0 mm/year with an equal sensitivity and specificity
of 79.1%. Thus, concordance was 79.1%. A sensitivity
of 95% could be achieved at a cutoff point for spinal
growth velocity of 8.1 mm/year with a concordance of
62.8%. A specificity of 95% could be achieved at a cutoff
point for spinal growth velocity of 27.8 mm/year with a
concordance of 81.6%. Although a clear relation could
be found between growth velocity and progression, no
definitive cutoff point could be established as having pre-
dictive value.

The predictive value of the EMG ratio at the lower
end vertebra at the start of a period on progression
showed, at a cutoff point for EMG ratio of 1.25, an equal
sensitivity and specificity of 68.9%. A cutoff point for the
EMG ratio of 0.79 showed a sensitivity of 95%. The
concordance for this cutoff point was 28.0%. A specific-
ity of 95% could be achieved at a cutoff point for an
EMG ratio of 2.91 with a concordance of 82.1%. So, no
absolute predictive value was obtainable.

Using the obtained data, we constructed a nomogram
(Table 2). In this nomogram the probability of progres-
sion, expressed as percentage, can be determined by us-
ing the different categories of the variables growth veloc-
ity and EMG ratio. It can be seen that a spinal growth
velocity of >15 mm/year and an EMG ratio of >2 gives
an 89% probability that a scoliotic curve will show pro-
gression in the next period of 4 to 5 months.

H Discussion

In the present study, the association of both the spinal
growth velocity and the EMG ratio of the paraspinal
muscles with progression of the scoliotic deformity was
evaluated. Our hypothesis was that children with IS

would show enhanced paraspinal EMG activity, in com-
bination with a higher spinal growth velocity, during
periods with progression of the scoliotic curve, com-
pared with periods without progression of the scoliotic
curve.

Our findings support the fact that the scoliotic curve
tends to progress in a period of rapid growth. There was
an obvious relation between spinal growth velocity and
progression of the scoliotic curve. An equal sensitivity
and specificity of 79.1% of spinal growth velocity for
progression was found at a cutoff point of 11 mm/year.
Nevertheless, an absolute cutoff point in growth velocity
could not be determined to predict whether or not the
curve would progress. This finding is in good agreement
with a previously reported study that children with low
spinal growth tend to show no progression of the scoli-
otic curve.*> The authors found a greater progression
rate in periods with growth >10 mm/year than in peri-
ods with <10 mm/year.

It is generally accepted that structural scoliosis can
develop only in the growing spine,>!%:16:20:21:24.47 Thjq
has been demonstrated by an increased frequency of di-
agnosis and the progression of the condition in periods of
rapid growth and by the fact that structural scoliosis
usually becomes stationary after the end of the period of
growth. Bunnell* has shown that growth potential is a
predictive factor for the risk of progression of scoliosis.
Duval-Beaupére'! found that the progress of scoliosis
occurred rapidly after the age of 10 years. Ylikoski,*” in
a study of girls with AIS, also reported that scoliosis
progresses most rapidly in early puberty.

Several reference points in judging relative maturity and
spinal growth have been proposed, such as calendar and
skeletal age of the hand and wrist, the Risser sign, and date
of menarche, but none have proved to be detailed enough to
predict the progression of IS. The Risser sign is the most
frequently used evaluation in assessing the growth of the
spine in relation to clinical problems. However, accord-
ing to Bunnell et al,* one of the most reliable predictive
factors for progression is future growth potential. The
estimation of growth potential in children with IS has
also been recommended by several other authors for pre-
dicting the likelihood of significant curve progression.>*
Buckler? showed that >90% of both male and female
persons with IS are within 2.5 cm of their final adult
height 3 years after the growth peak. The investigation of
Little ez al*' has confirmed similar results. In a longitu-
dinal study, Lonéar-Dusek et al** demonstrated a signif-
icantly higher peak velocity for scoliotic children. The
study of Song et al** also showed that the use of peak
height velocity more accurately predicts remaining
growth for boys with IS than the Risser sign and chro-
nologic age.

In the present study, the method used for measuring
the spinal growth took into account the shortening of the
spine caused by lateral curves but did not take into con-
sideration the effect of sagittal curves, ie, thoracic kypho-
sis and lumbar lordosis. Despite this limitation, the rela-
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tive short period of consecutive measurements made it
easy to identify when changes in spinal growth velocities
and curve progression occur.

Our results showed that enhanced EMG activity ra-
tios occurred at the apex vertebra in the progressive and
nonprogressive periods. These results are consistent with
the findings in other studies, but the meaning of the in-
creased muscle activity on the convex side of the de-
formed spine was interpreted differently,!”->%-32:48:49
Some authors explained the increased muscle activity as
being an effect of stretching of the erector spinae muscles
on the convex side or as a fatigue mechanism.'>%*’
Zetterberg et al** described asymmetric EMG changes in
a quantitative way. They found increased paraspinal
EMG activities on the convex side in curves >30°. In the
study of Reuber et al,®' the authors observed significant
EMG differences between control participants and IS pa-
tients with curves exceeding 25°. In contrast to our
study, they observed no EMG activity differences be-
tween patients with progressive and nonprogressive
curves. By contrast, Guth et al'* and Hopf et al'® ob-
served a distinct asymmetric activity in nonprogressive
scoliosis. Several investigators have suggested that EMG
findings on the convex side are a biomechanical necessity
to balance the deviated spine.'®3! Other authors see the
asymmetry as a sign of possible progression,!'*??:38:40
Satisfactory explanations for these observations were
not offered, but a muscle imbalance was postulated.
Whether the muscle dysfunction is secondary to the de-
velopment of the scoliotic curve, or is a primary myo-
genic or neurogenic factor, also remains to be established
with certainty. It is not the intent of this paper to evaluate
the etiologic possibilities of AIS.

In our study, the paraspinal muscles surrounding the
primary curve were evaluated using surface electrodes at
the apex and the two end vertebrae of the deformity. It is
interesting to notice that in the progressive periods the
EMG ratios were significantly higher also at the end ver-
tebrae of the curve, compared with the nonprogressive
periods. These neuromuscular findings likely demon-
strate that increased EMG paraspinal activity at all three
levels of the scoliotic curve may disturb the delicate bal-
ance of forces in the spinal column to produce progres-
sion. We could find no other study (except our own pre-
vious reports®) to compare these results.

Furthermore, our results showed a significant associ-
ation between the EMG ratio at the lower end vertebra
and progression. Progression was also associated with a
high growth velocity. An explanation could be that after
a period of rapid growth, the extent of vertical imbalance
is so large that asymmetric EMG activity only at the apex
is not sufficient to counteract this imbalance. To keep the
center of gravity of the upper part of the body in the
midline plane, the spinal column has to be pulled to
the convex side of the curve by asymmetric muscle activ-
ity at the lower end of the curve. This adaptation will
lead to progression of the curve if growth velocity re-
mains high. Oddly enough, the progression of the curve

thus counteracts the vertical imbalance, resulting in a
declining association with EMG asymmetry at the lower
end of the curve.

This part of the study has two main limitations related
to the interpretation of the influence of a manipulation
on EMG activity. First, the clinical significance of the
magnitude of changes in EMG activity is unknown,
given the lack of correlates between these EMG func-
tional changes and other clinical outcome measures. Fur-
thermore, this study was limited to the use of surface
EMG, which gives a global picture of paraspinal muscle
activity. It is possible that manipulation may influence
deeper muscles, which remain hidden from detection by
surface electrodes.

We could find no other study that examined the rela-
tion between spinal growth (measured as spinal growth
velocity) and paraspinal muscular imbalance (expressed
as EMG ratio) as prognostic parameters for curve pro-
gression in IS. The relation between the growth velocity
and muscular imbalance demonstrated here is a novel
observation. When children finish their growth spurt,
presumably maturation or compensation is reached.
There may be a limit to the growth velocity, above which
the body is unable to compensate the changes by asym-
metric muscle action at the apex.

Another important finding of the current study is that
spinal growth velocity and EMG ratio have independent
contributions to progression prediction. However, the
predictive value in an individual scoliotic patient is mod-
erate, because of the great variability in muscle tension,
body posture, and electrode position in our patients. Fur-
thermore, it must be stressed that the growth of a given
individual is genetically, geographically, and nutrition-
ally governed.

With the available data, it was not possible for us to
predict with 100% accuracy which curve would progress
and which would not. We were able to establishing the
probability of progression in a very general manner, as
shown in the nomogram in Table 2. Using the nomogram
with the variables spinal growth velocity and EMG ratio,
the probability of progression can be determined. In the
present study, the risk of curve progression was 89% in
patients with a spinal growth velocity >15 mm/year and
an EMG ratio >2. Based on the nomogram, decision
making in the management of scoliosis could be facili-
tated for the orthopedic surgeon. If there is a high prob-
ability of progression, the decision can be made to ob-
serve the patient more often with radiographs over short
time periods. If there is a low probability of progression,
the observation might be over a longer time period.

H Conclusion

The present study has established a clear association be-
tween both the spinal growth velocity and EMG ratio of
the paraspinal muscles and progression of the scoliotic
deformity. We observed enhanced EMG ratios in associ-
ation with a more pronounced spinal growth velocity in
patients with progressive scoliotic curves. We consider
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that these findings could be a valuable predictive factor
for early identification of individuals with AIS who are at
greater risk for progression.

H Key Points

e Thirty patients with idiopathic scoliosis were
longitudinally monitored by measurements of
growth velocities of the spinal column and electro-
myographic ratios of the paraspinal muscles ac-
cording to a protocol.

e Periods with progression of the curve were asso-
ciated with both enhanced electromyographic ra-
tios and a high spinal growth velocity, compared
with periods without progression.

e The combination of spinal growth velocity and
electromyographic ratio may be valuable for pre-
diction of progression in idiopathic scoliosis.

e A nomogram is presented that can be used in
decision making for the management of scoliosis.
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