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Quantitative Determination of Spine Flexibility for Adolescent
Idiopathic Scoliosis
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Abstract

Spinal flexibility has been used by clinicians in various medical procedures;
clinicians usually misapprehend the concept of flexibility by examining patient’s
“deflexibility”. The objective of this research was to determine spinal flexibility
through the investigation of its relation to other patient parameters, such as growth
factors, curve pattern, curve apex and curve magnitude. Ten adolescent idiopathic
scoliosis (AIS) subjects were recruited. A measuring device was designed such that
the corrective force could be recorded. Spinal orthoses were fabricated according to
their molds and the in brace curve corrections were evaluated by their radiographs.
Spinal flexibility was determined by correlation analysis of the patient parameters.
The orthotic treatment prognosis was also predicted and would guide clinicians and
patients to make right decisions and treatment plans.

Keywords : adolescent idiopathic scoliosis; spine flexibility: orthotic treatment.

PR

Wk A RE® LRAFF 2 ERIA O] oA TR 4§ W ] SRR
RO A B SRFEOTR ST il 4 o R R R A A R Rl e
WG T A L] R e R TS S P R W ST R g
Pl AT L EFENPFEL LRGP OLRBE FE AP TRY - 2R
EURRIHE A B o TRk AR § BRSO E TR W THE T
PR A T RBE AR OX PR ek K] AT E Y A
AWK&\WmM%ﬁpﬁHO%P”*%ﬁ¥iw£%Laﬁ$%mw%“ﬁ
B gk A ﬁ'f"'/ﬁﬁ LAiE@ 3 /r}%‘ 4o

MeEF @ 7 EAp BTN ARE YR BT T E LR

Introduction

Orthotic treatment is the most common method of non-operative treatment for
idiopathic scoliosis. Ideally, spinal orthoses should be prescribed to patients with
scoliosis with curves between 25° and 40°, or with curves less than 25°, who have a
history of curve progression with a high risk for continuing progression. In this
research, we strictly focus on the adolescent idiopathic scoliosis (AlS) since the age
group from 10 to 18 has the largest population among idiopathic cases.

Clinical experience with the orthosis has led to many improvements, both in the
design of the orthosis itself and in the manner that the orthosis is used. The spinal
correction is related to many interconnected factors, which can be grouped into the



factors of spinal orthoses and the physical parameters of individuals. The former,
the control variables and design parameters, include the shape and stiffness of the
spinal orthosis, the application of pads (locations, sizes, and thicknesses of pads),
patient’s compliance and the strap tension adjustment. The latter, the patient’s
physical parameters, include the flexibility of the spine curves, the biomechanical
properties of truncal tissues to transmit the applying forces of spinal orthosis, the
locations of the major curve apexes, magnitudes of the curves, curve pattern, growth
factors (gender, age), height, and weight.

The patient’s physical parameters are essential indicators for clinicians taking an
effective action to correct the curves. They also provide important information to
clinicians such that the prognosis of the orthotic treatment can be predicted. The
more quantitative patient information, the better the clinicians can deliver the orthotic
services. The patient parameters are particularly important when the patient is on the
borderline of either taking non-operative treatment or taking operation. The
quantitative patient parameters will improve the decision making process in choosing
proper treatment procedures for clinicians and patients as well.

Spine flexibility is the most abstract parameter among all aforementioned patient
parameters. It has been used to predict the operative outcome of scoliosis patients
recently although clinicians usually misapprehend the concept of flexibility by
examining patient’s deflection which has left the applied force unattended.
Furthermore, the practice is not applicable to predict bracing outcome of scoliosis
patients. In this research, we developed a method to quantify adolescent idiopathic
scoliosis spine flexibility in coronal plane and to measure and use the maximum
corrective force for orthotic treatment.

A quantitative determination of spine flexibility is particularly important for
adolescent idiopathic scoliosis because it might relate to the prognosis of the orthotic
treatment. It is worth of exploring how spine flexibility would facilitate the
prediction of the prognosis for the orthotic treatment of adolescent idiopathic scoliosis.
In turn, spine flexibility would provide essential information for medical teams to
suggest patients when they are facing difficult decision between surgery and
conservative treatment.

To investigate the factors that are related to progression of idiopathic scoliosis
and the intriguing possibility of being able to use them to predict the prognosis in
each patient, Lonstein J.E. et al. in 1984 reviewed 727 cases of patients with
idiopathic scoliosis in whom the initial curve measured from 5 to 29 degrees. They
found that scoliotic curve progression is related to the pattern and magnitude of the
curve, the patient’s age at presentation, the Risser sign, and the patient’s menarchal
status. In 1995, Peterson L.E. et al. used logistic regression analysis method to
develop a predictive model of scoliotic spine curve progression. In 2002, Deviren V.
et al. used correlation analysis to demonstrate an association between radiographic
findings and the clinical presentation. Definition of flexibility in their study was the
reductive percentage of Cobb angle between the standing and supine side-bending
radiographs. Flexibility of the structural curve showed a high inverse correlation
with curve magnitude (r=-0.7; P<0.001) and age (r=-0.6; P<0.001). Flexibility
significantly decreases with increased age and curve magnitude. Although the
scoliosis spine flexibility had been used in these three research, yet only curve
correction (deflection) was measured. In textbooks, the flexibility was defined as the
amount of deflection produced by applying a unit force. We believe the force
information plays an essential role to the concept of structural flexibility only from
which the maximum curve correction can be certain when given the measurement of



the maximum applied force. Unfortunately, it becomes a common practice that using
no force information, clinicians examine the spinal range of motion and rely on their
clinical experience to judge the spinal flexibility. In addition, to our knowledge,
there was no published literature that has dealt with the quantitative prediction of
scoliosis correction using the spinal flexibility.

Objective and Hypotheses

Spine flexibility in practice has been widely recognized by clinicians for various
purposes such as preoperative evaluation, diagnosis, physical therapy etc.. Our
hypotheses were (1) the scoliosis spine flexibility is related to the following patient
parameters: patient growth factors, location of the curve apex, span of the curve, and
curve magnitude, (2) the scoliosis spine flexibility can be quantitatively determined,
(3) the maximum curve correction can be predicted when given the spine flexibility
and the maximum corrective force.

The objective of this research was to determine spinal flexibility quantitatively
by induction through the investigation of its relation to aforementioned patient
parameters which can be readily available through the patient information, x-ray films
and simple measurements. The prognosis then can be predicted provided the
maximum pressure that the patient can tolerate is given.

Methods and Materials

Ten adolescent idiopathic scoliosis patients were included in this study.
Patients were assessed and treated in National Rehabilitation Engineering Research
Center (NRERC). Information was recorded from the medical chart including the
patient’s gender, age, height, weight, Risser sign, vertebra rotation, and
decompensation at initial treatment. The numbers of vertebra superior to the apex
and inferior to the apex within the curve span were also recorded before the treatment.
During molding for each patient, the magnitude of corrective force was measured.
After fitting, vertebra rotation and decompensation were re-evaluated.

The structural flexibility has been used in engineering areas to specify the
relation of an applied force to the corresponding deformation. The general structural

flexibility / can be defined as follows, :%, where o is the deformation and F is

the applied force. Two assumptions were made in this research, i.e., (1) The individual
variations of the bone properties are ignored and (2) The orthoses are well designed
such that the corrective forces remain the same as what presented in molding process.

To calculate the spinal flexibility, we simplified its definition of scoliosis spine
on coronal plane as:

_ 0,-0,
FSin6,Cos 0,

where f* is the simplified flexibility of scoliosis spine on coronal plane; @, is the

magnitude of prebraced Cobb angle; 8, is the magnitude of Cobb angle after
bracing; F is the magnitude of corrective force measured by force gage during the
molding process; 6, is a transverse plane angle to describe the direction of F; 6, is
a coronal plane angle to describe the direction of 7. A protractor and a level are
simple tools to measure 6, and 6,.



Results and Discussion

The average age when bracing began was 14.48 years (SD=2.16,
range=11.08-17.42). The average height was 155.5 cm (SD=9.05, range=140-164).
The average weight is 44.3 kg (SD=8.35, range=26-58). The average prebrace Cobb
angle was 36.8° (SD=13.04, range=25°-66°). According to the definition and

experiment data, the flexibility of each patient was calculated (Table 1).
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Flexibility
3.44
1.30
1.82
2.13
8.83
1.94
5.41
1.80
5.74

10 1.07
Table 1 Patients” Spine Flexibility calculated from experiment data

In this study, we found that the magnitude of scoliosis curves highly positively
correlate with flexibility. The linear regression of each parameter is shown in
Figures 1-4.
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Figure 1 Linear regression of age and flexibility
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Figure 2 Linear regression of height and flexibility
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Linear regression of prebrace Cobb angle and flexibility

10

Flexibility

O N B OO 0

*
+ Observe
i ¢ ® Predict
i — Linear Regression
0 2 4
Risser sign

Figure 4 Linear regression of Risser sign and flexibility

The Pearson correlation coefficient R of age was —0.645 (Sig.=0.044); that of
height was —0.626 (Sig.=0.053); that of prebrace Cobb angle was 0.871 (Sig.=0.001);
and that of Risser sign was —0.82 (Sig.=0.004). The mathematical scoliosis spine
flexibility model in this study was found from regression analysis and is listed as

AIS flexibility = -1.04 + 0.39 Age + 0.07 Height + 0.1 Prebrace Cobb angle



-5.73 Risser sign
The predictive correction was calculated according to ¢ = fF, where F was
known. The predictive correction was compared with experiment results (Table 2).
Statistical analyses of predictive and experimental correction are shown in Table 3.
Mean error was —-1.20% (S.D.=13.05%) and the prediction would give clinicians a
powerful mean to assess the scoliosis. The maximum corrective forces of AIS

patients reflect their tolerance of pressure.

Predictive Correction|Experimental Correction
No. Error (%)
O) (%) Q) (%)
1 4.83 18.58 9 34.62 -16.04
2 | 1213 40.43 7 23.33 17.1
3 3.22 10.73 5 16.67 -5.94
4 3.33 13.32 5 20.00 -6.68
5| 3340 50.61 36 54.55 -3.94
6 9.94 24.85 6 15.00 9.85
7 19.04 40.51 25 53.19 -12.68
8 4.94 19.76 9 36.00 -16.24
9 24.51 S54.47 23 51.11 3.36
10| 1454 42.76 8 23.53 19.23

Table 2 Predictive and experimental correction

Standard
N Mean (%) .
Deviation (%)

Predictive

) 10 31.60 16.00
Correction

Experimental

. 10 32.80 15.47
Correction

Error 10 -1.20 13.05

Table 3  Statistic analyses of predictive and experimental correction

Therefore, we suggest clinicians three steps to predict AlS patients’ correction:

1. Apply proper corrective force to AIS patients according to patients’ pressure
tolerance.

2. Calculate AlS patients’ flexibility by the regression equation.

3. predict the treatment outcome by simple algebraic calculation:



Correction = Flexibility x Corrective Force

The effectiveness of the scoliosis orthotic treatment can be graded by looking at
its corrective percentage (Table 4) in a similar manner for muscle strength test.
Curve correction was divided into five grades: poor, fair, good, very good and
excellent. Applied by the grading system, the prediction and experiment results of
10 AIS patients in this research were compared (Table 5).

Corrective
<0% 0% -25% | 25%-50% | 50% - 75% | 75% - 99%

Percentage
Grade Poor Fair Good Very Good | Excellent

Table 4  Curve correction grading system

No. Predictive Experiment
Correction Correction
1 Fair Good
2 Good Fair
3 Fair Fair
4 Fair Fair
5 Very Good Very Good
6 Fair Fair
7 Good Very Good
8 Fair Good
9 Very Good Very Good
10 Good Fair

Table 5 Prediction and experiment comparison in correction grading

Conclusion

This study presented an adolescent idiopathic scoliosis spine flexibility model

by utilizing the definition of flexibility (curve correction/force) in engineering, by
which the spine flexibility of each patient’s could be determined quantitatively.
Corrective force in addition to the curve correction was included as a component of
AIS spine flexibility. The magnitude of corrective force could help clinicians to
design a suitable brace and avoid skin problem, which are highly dependent on
patient’s tissue and pressure tolerance. The model therefore consists of AIS patients’
physical parameters (age, height and prebrace Cobb angle). The model could be
used as a convenient tool for clinicians to assess AIS patients’ spine flexibility and



predict curve correction. It was found in this study that AIS patients with larger
prebrace Cobb angle, smaller age, height and Risser sign had better flexibility. The
results of this study would also guide clinicians to predict the grade of curve
correction provided that the numerical value of the spine flexibility is given.
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