NSC93-2213-E-002-075-
93 08 01 94 12 31

B 1




Clinical Significance of Strap Tension Adjustment
on Spinal Orthoses for Neuromuscular Scoliosis
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Abstract

Background: Individuals with neuromuscular scoliosis are thought to have respiratory muscle
weakness causing a restrictive pattern, abnormal compliance of the chest wall and lung, and
mismatched ventilation and perfusion. Therefore, a spinal orthosis, a rigid supporting body
jacket, leads to restriction of chest expansion and significant reduction in vital capacity immediately.
Strap tension has an influence on pulmonary function; on the other hand, strap tension also affects
the correction of spinal deformity. If the patient does not apply enough force on straps, the
effective correction of spinal deformity will be reduced. The tension adjustment of straps on
spinal orthoses is clinically significant for neuromuscular scoliosis. The overall effectiveness of the
spinal orthosis will therefore depend on how tightly its strap is adjusted and fastened. Objectives:
To quantify the strap tension and find an optimal value to achieve the best correction of spinal
deformity but least compromise of pulmonary function. Setting: Orthotic services, National
Rehabilitation Engineering Research Center, Taipei , Taiwan. Participant. A seven-year-old girl
with spinal muscular atrophy, presenting a scoliotic curve. The curve was a left lumbar C curve
and the apex was at LI1. [Intervention: A custom molded co-polymer anterior-opening
Thoracic-Lumbar-Sacral Orthosis (TLSO) with three adjustable straps. Optimal strap tension
solution: An objective function was chosen as the weighted sum of two indexes, i.e., an index of the
pulmonary function and an index of vertebral correction. Main Outcome Measures: Strap tensions,
slow vital capacity (SVC) for the pulmonary function index, Cobb angle and apex rotation for the
vertebral correction index. Results: Optimal strap tensions all lie in between 60% to 70% of the
tightest tension which the subject can tolerate. Conclusions: In the past, clinicians had no idea to
adjust objectively the tightness of the straps on TLSO for individuals with neuromuscular scoliosis.
This study provided a systematic approach to find an optimal strap tension where both pulmonary
function and vertebral correction were taken into consideration at the same time.
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Introduction

Spinal orthoses may benefit patients with neuromuscular scoliosis, especially those with poor
trunk control or athetosis, by improving their sitting ability, positioning, and head control, as well as
stabilizing their spinal curves.l Improved trunk support affords to better head/neck control and
allows better use of upper extremities. Scoliosis curve correction was seen in ambulating patients
with muscle hypotonia and short thoracolumbar/lumbar curves measuring <40° as well as in
non-ambulating patients with spastic short lumbar curves.2 However, the application of spinal
orthoses for the patients with neuromuscular scoliosis impacts on pulmonary function and causes
some skin problems because spinal orthoses apply forces on trunk and then restrict the expansion of
chest wall.3 Noble-Jamieson et al.4 studied in 40 children with neuromuscular disease, 20 of whom
had scoliosis and were non-ambulant and have found that spinal bracing, a rigid supporting jacket,
results in a significant reduction in mean vital capacity of 22%.

Studies have shown that the strap tension is clinically significant in the effectiveness of curve
correction. It correlates to the interface pressure on the pads and the pressure exerts on the
scoliotic spine resulting in curve correction.5,6 It has been a common practice that the straps be
tightened as much as the patient can tolerate and it has been suggested that the strap tension be
regularly and closely monitored when the spinal orthosis is applied. However, the pulmonary
function has never been taken into account when the strap tension is monitored. This research
further proposed that the adjustment of the strap tension is significantly important in pulmonary
function management as well as curve correction, particularly for the patients with neuromuscular
scoliosis. It was hypothesized that the strap tension could be adjusted according to the optimal
requirement of the overall effectiveness in pulmonary function management and curve correction.

The purpose of this research was to develop an objective method of adjusting the strap tension
such that the overall effectiveness of spinal orthoses on neuromuscular patients with scoliosis can

be ensured.

Patient: A seven-year-old, female, 123cm and 34kg, spinal muscular atrophy, non-ambulatory
patient (Figure 1).



Figure 1 Spinal orthosis provides sitting support for patient with neuromuscular scoliosis. (a)
without spinal orthosis, (b) with spinal orthosis fixed by tapes when fitting, (c) with spinal orthosis

fixed with Velcro straps.

Intervention: Orthotic treatment by using an anterior opening custom-made thoraco-lumbo-sacral
orthoses (TLSO) (Figure 2), made of Copolymer shell and Aliplast liner.

Figure 2 Total contact TLSO.

Measurements: Slow vital capacity (SVC) was measured by pulmonary function testing using a
portable spirometer (Microspiro HI-601, CHEST Inc., Japan) (Figure 3). From patient’s x-ray films,
Cobb angles and vertebral rotation angles were measured and computed. A device with a force gage
(DPX-50T, IMADA Inc., Japan) was used to measure the trap tension making sure the strap is
parallel to the line of pull (Figure 4).



Figure 3 A portable spirometer.

Figure 4 A measuring device for strap tension.

Figure 5 The radiographs of the subject. (a) without spinal orthosis (sagittal view), (b) without
spinal orthosis, (c) with spinal orthosis and fixing the strap at T1, (d) with spinal orthosis and fixing
the strap at T2, (e) with spinal orthosis and fixing the strap at T3, (f) with spinal orthosis and fixing
the strap at T4.



Optimization:
The optimal strap tension can be obtained when an objective function reaches a maximum. The

objective function ¢ in this research was defined to be
9 =wP(T)+w,[C(T)+R(T)]

where

T : strap tension as a control variable

P (7): index of pulmonary function

C(T) + R (T): index of vertebral correction, where C (7) and R (7) are the functions of the change
of Cobb angle and vertebral rotation, respectively

wl and w2 : the weightings assigned for the descriptors of pulmonary function and vertebral
correction, respectively. These weightings can be adjusted proportionally to the importance given
for each descriptor. The sum of w/ and w2 is equal to 1 (100%).

Results

The patient’s scoliotic curve was left lumbar C curve and the apex was L1. The tightest strap
tension that she could tolerate is defined as T1, the values of which measured at the superior,
middle, and inferior straps were 24.3N, 22.6N and 31.8N, respectively. T2, T3 and T4 are the
tensions in order of looseness, where T4 is the loosest tension. The strap tensions are shown in
Table 1. And the radiographs at different strap tensions are demonstrated in Figure 5. The
normalized percentage of SVC, correction of Cobb angle and apex rotation changing with respect to
strap tensions are graphed in Figures 6-8, correspondingly. The optimal strap tensions (Table 2)
all lie in between T2 and T3.

Strap tensions (N)| 11 ) T3 T4

Superior strap 24.3 17.6 11.6 9.2
Middle strap 22.6 18 13.5 9.9

Inferior strap 31.8 26.2 19.1 10.8

Table 1 The various strap tensions of three straps.



Straps

Optimal strap tension (N)

wi /w2 (percentage of T1)
Superior Middle Inferior
0.6 / 04 |[l6.16 15.94 21.56
(66.5%) (70.5%) (67.8%)
0.7 / 03 [15.05 14.62 20.09
(61.9%) (64.7%) (63.2%)
Table 2 Optimal strap tensions under different weightings.
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Figure 6 Change of predicted SVC at various strap tensions.
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Figure 7 Change of Cobb angles at various strap tensions
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Figure 8 Change of apex rotation at various strap tensions.

Discussion

The optimization is an engineering technique that allows us to find the best solution for
conflicting indexes, in our case the pulmonary function and scoliosis control. This research
provides a systematic, objective way of adjusting the strap tension in orthotic treatment of

neuromuscular scoliosis. It was also found that appropriate strap tension indeed was beneficial for



improvement of pulmonary function because the abnormal chest expansion would be limited and
the neural load-compensatory mechanisms was induced due to the abdominal pressure provided by
the spinal orthosis. Vital capacity testing is not feasible for younger patients or patients with
cognitive problems and other parameters are sought in future research.
Conclusions

The pulmonary function is vital to neuromuscular patients with scoliosis and must be taken
into account when orthotic treatment is considered. There exists an optimal solution for the
adjustment of strap tension such that the overall effectiveness of the orthotic treatment is ensured in
terms of maximizing the scoliosis control and minimizing the pulmonary compromises. This
method was to reduce the subjectivity of orthotic practice and also to expand the clinical application

of strap tensions to control more conflicting indexes.
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