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Abstract

Study design A group of adult patients with idiopathic scoliosis, diagnosed before the age of ten, at a mean of 26.5 years
after treatment with either brace or surgery during childhood and adolescence attended a clinical follow-up.

Objectives To evaluate the relation between thoracic mobility, rib-cage deformity, and pulmonary function.

Summary of background data Long-term studies of pulmonary function in relation to thoracic mobility after treatment in
this patient group have not been published.

Methods A total of 106 patients, 57 braced and 49 operated patients, attended the follow-up. We examined thoracic mobil-
ity (range of motion of the thoracic spine, thorax expansion, and breathing movements) and rib-cage deformity (curve size
and trunk deformity) as well as pulmonary function, especially total lung capacity (TLC). Respiratory muscle strength was
evaluated in a subgroup.

Results Thoracic range of motion was significantly less among the surgically treated patients compared with both the brace-
treated and comparison group. Thorax expansion and breathing movements during maximal breathing were significantly
reduced in the scoliotic patients compared with the reference values, with no significant differences between the treatment
groups. The brace-treated group had better pulmonary function than the operated group, as measured by the TLC, forced vital
capacity (FVC), and forced expiratory volume in one second (FEV 1) (percentage of predicted values). The respiratory muscle
strength was significantly lower only in the surgically treated patients when compared with reference values. The results of
a multivariate analysis revealed that the strongest factors explaining TLC percentage of predicted were gender, brace model,
and smoking habits.

Conclusions Thoracic mobility was significantly reduced at mean 26.5 years after completed treatment in both brace-treated
and surgically treated patients with early onset scoliosis, compared with the reference values, which did not influence TLC
as strongly as gender, brace model, and smoking habits.

Levels of evidence Level III.
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Introduction

Long-term studies have shown that, left untreated, patients
with early onset of scoliosis run an increased risk for res-
piratory failure and premature death [1]. This is prob-
ably due to restricted lung development before adulthood
resulting in lower number of alveoli [2, 3] and to altered
biomechanics of the rib cage.

Early onset scoliosis that increases to a large curve size
also results in chest deformity with ensuing reduced chest
and lung volume [4]. Furthermore, the distorted chest is
thought to lead to reduced thoracic mobility and increased
work of breathing. The treatment of scoliosis with full-
time brace wearing for several years or with fusion of the
spine might also contribute to restricted motion of the rib
cage. The mobility and muscle endurance of the spine in
adult patients treated for scoliosis during childhood and
adolescence has been shown to be reduced [5-7]. How-
ever, the thoracic mobility and the breathing movements
have not been evaluated in these groups of patients, despite
the possibility for its evident clinical importance.

Basic pulmonary function has traditionally been meas-
ured with spirometry [8]. Other methods exist, but have
not been extensively used for scoliosis patients. The res-
piratory movements consist of abdominal and rib-cage
movements [9]. The separate volume changes of the rib
cage and abdomen can be measured during breathing, and
healthy individuals can breathe with any combination of
these locations of breathing [9]. In the sitting position,
abdominal breathing dominates, probably because of a
more optimal muscle fiber length of the diaphragm leading
to a stronger contraction [10], and the rib cage contributes
60% to total ventilation, compared with 35% in the supine
position.

Thoracic mobility, that is, the mobility of the thoracic
spine and the rib cage, is often measured with a kyphometer
[11] and with measurement of the degree of thorax expan-
sion during breathing [12—14]. The latter gives a general
overview of the maximal range of motion in the upper and
the lower part of the rib cage. The measurement of breathing
movements [15-17], another way to evaluate the rib-cage
mobility, has been available for the past 10 years by use of
the Respiratory Movement Measuring Instrument (RMMI).
Several studies, with patients with ankylosing spondylitis,
after cardiac surgery, and those diagnosed with sensory
hyperreactivity, have been published [18-20].

Breathing movements and maximal range of motion in
the rib cage are associated with the strength in the res-
piratory muscles. For evaluation of respiratory muscle
strength, noninvasive measurement of the maximal inspir-
atory pressure (MIP) and the maximal expiratory pressure
(MEP) is used [21, 22].
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The aim of this study was to evaluate how thoracic mobil-
ity, as measured by different methods, and rib-cage deform-
ity relate to pulmonary function in adult patients treated for
early onset idiopathic scoliosis during childhood or adoles-
cence. The total lung capacity (TLC), considered the key
measurement for establishment of a restrictive deteriora-
tion of the ventilatory capacity when performed in a body
plethysmograph, was chosen to represent the pulmonary
function.

Methods
Patients

The Gothenburg Scoliosis Database, which contains infor-
mation about all patients between 1966 and 1994 with sco-
liosis at the Department of Orthopaedics at the Sahlgrenska
University Hospital, Gothenburg, Sweden, was used to iden-
tify the study population. This met the following criteria: (1)
diagnosis of idiopathic scoliosis before the age of 10 years;
(2) treatment with either a brace (for at least 6 months) or
with surgery; (3) no other related disorders or spine anoma-
lies; and (4) > 10 years since maturity or surgical procedure.
Details about the treatments have been published earlier
(https://doi.org/10.1016/j.jspd.2015.07.007).

The original series of patients consisted of 179 consecu-
tive patients, of which 106 completed this study (Fig. 1).
Fifty-seven patients were brace-treated only until maturity,
until 1974 with a Milwaukee brace (in 24 patients) and there-
after a Boston brace (33 patients). All together, 49 patients
were surgically treated and 31 of those were initially braced
but operated before maturity due to curve progression. A
further six patients, with a remaining significant curve at
maturity or curve progression after maturity, were operated
shortly after maturity, before the age of 22 years. The surgi-
cal procedure was performed with Harrington instrumenta-
tion until 1995 (used in 46 patients) and thereafter with the
Isola system (in three patients).

Examination of the curve, pulmonary function,
and smoking habits

All patients underwent measurement of rib-cage deformity
including trunk deformity by use of Bunnell scoliometer
[23]. Full standing posterior—anterior digital roentgenograms
were performed at the follow-up, and curve size was meas-
ured using the Cobb method [24].

Spirometry by a pressure-differences method (Jaeger
MasterScope) was used to measure forced vital capacity
(FVC) and forced expiratory volume in one second (FEV).
TLC was measured with a body plethysmograph. Values
are presented as the percentage of predicted values related
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Fig. 1 Flow chart of included
patients
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to age, height, and gender according to Quanjer et al. [8]
for FVC and FEV, and Quanjer et al. [25] for TLC and cor-
rected to loss of height due to scoliosis according to Lind
[26].

The patients were asked about smoking habits, and they
were thereafter classified into either never smokers or cur-
rent/ex-smokers (“ever-smokers”).

Examination of thoracic mobility with three
different methods

Three different methods were used for evaluation of the
different aspects of the function of the thoracic cage: (1)

range of motion of the thoracic spine [11]; (2) expansion
of the thorax during breathing [13, 14]; and (3) breathing
movements—respiratory movement measuring instrument
(RMMI) [27-30]. The methods are described in Table 1 and
Figs.2,3,4,5, 6.

Examination of respiratory muscle strength
The respiratory muscle strength was examined in a sub-
group of 33 patients (of the 106 in the original study group)

three to 5 years after the initial follow-up. The method is
described in Table 1 [22]. The mean curve size at follow-up
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Table 1 Methods for evaluation of thoracic mobility and respiratory muscle strength

Thoracic mobility

1. Range of motion of the thoracic spine (Fig. 2)

Technique: Performed in standing position from a point between the spinous processes of T2-T3 and from a second point between T11 and T12
by use of a Debrunner kyphometer [11]

Reference values: A randomly selected age- and gender-matched control group of 100 persons was previously collected through the National
Population Registry [5]. These individuals had no history of scoliosis, which was controlled by use of a Bunell scoliometer [23]

2. Expansion of the thorax during breathing (Fig. 3)

Technique: Measurement of the ability for the chest cage to expand the thorax, “Thorax expansion,” was measured twice with a measuring tape
as the circumference of the thoracic cage, at the level of the xiphoid process and at the level of the fourth rib. The expansion was calculated as
the difference between maximum expiration and maximum inspiration

The subjects were standing with their hands placed on their heads and were instructed to first make as large an inhalation as possible and “make
themselves as big as possible” and then to exhale maximally and “make themselves as small as possible” [13, 14]

Reference values: Results were compared with age-related reference values, measured at the level of the xiphoid process [13]. No reference
values exist for the level of fourth rib

3. Breathing movements: Respiratory Movement Measuring Instrument (RMMI) (Figs. 4 and 5)

Technique: The changes in the anterior—posterior diameter of the thorax during deep breathing were performed with the RMMI in a supine posi-
tion on a treatment bench [27]. The RMMI consists of a mobile rack with six laser diodes in three pairs, adjustable to the length of each par-
ticipant’s torso. The accuracy of the six laser distance sensors is 0.0003 mm. These diodes are arranged bilaterally at the level medial to each
individual’s armpit folds, and lateral to the xiphoid process and the umbilicus, and can, therefore, register the amplitude of the breathing move-
ments. These signals were converted from analog to digital by the data acquisition system and transmitted to a computer program [27-30]. The
reliability and validity of RMMI has been evaluated and it was found to be a reliable instrument for clinical practice and research [29, 30]. The
breathing movements have been evaluated and considered symmetrical and did not change significantly with increasing age [27]

The measurements of each individual in the study group were adjusted to the direction of the scoliosis, i.e., either the convex or the concave side

Breathing movements were analyzed as the sum of movements on both sides on all six positions and on the upper thoracic and abdominal posi-
tions

Reference values: Values were compared with the mean values of the corresponding group of healthy individuals of similar age and gender [27]

4. Respiratory muscle strength (Fig. 6)

Technique: The maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) were measured in the sitting position [22]. Each
patient performed three MIP and three MEP tests and the tests with the highest scores were recorded and analyzed to the results of the com-
parison group

Reference values: An age-, gender- and BMI (body mass index)-matched control group was recruited. This consisted of a convenience sample of
40 healthy individuals, 25% of them ever-smokers, with no history of scoliosis and with less than 5° of trunk rotation when examined with a
Bunell scoliometer [23]

Fig.2 Total thoracic range of motion measured with a Debrunner
kyphometer

Fig.3 Measurement of thorax expansion at the level of the xiphoid
process
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Fig.4 Respiratory movement measuring instrument (RMMI)
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was similar in these two groups, mean 37.2° (brace-treated
[BT] group, 36.1°, n=16; and surgically treated [ST] group,
38°, n=17; p=0.6). The number of ever-smokers was 11
(33.3%) (BT group, 7 [43%]; ST group 4 [23%]).

Statistical methods

Distributions of variables are given as means, standard
deviations, and ranges. For comparison between the two
groups and the groups versus normal/reference values, the
Mann—Whitney nonparametric U test was used. For com-
parison of proportions between two groups, Fisher exact test
was used.

Spearman rank correlation coefficient was used for
correlation analysis. Correlation was defined as follows:
little, if any (r,<0.25), low (r,=0.26-0.49), moder-
ate (r,=0.50-0.69), high (r,=0.70-0.89), and very high
(ry=0.9-1.00) [31].

A univariate and multivariate analysis was made based
on variables possible to explain TLC percent predicted. All
significance tests were two-tailed and were conducted at the
5% significance level.
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Fig.5 Screen picture of the measurement performed with the RMMI. The results of the movements measured at the six measuring points: left
and right upper thoracic, left and right lower thoracic, and left and right abdominal
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Fig.6 Maximal inspiratory pressure (MIP) and the maximal expira-
tory pressure (MEP) measured in the sitting position

Results of the univariate analysis

Description of demographic data, curve size, trunk
deformity, pulmonary function, and smoking habits

Table 2 depicts information about the study group. Mean
age at diagnosis and at the present study was 7 years and
41.7 years, respectively, with no significant difference
between the braced and the operated patients. Curve size
before treatment was significantly larger in the operated
group compared with the braced group (57° vs. 28°) and
35 patients (all in the ST group) had a curve size of 50° or
more. Curve size at present follow-up did not differ signifi-
cantly between the groups (ST 37° and BT 35°), and also
the number of patients with a curve size of 50° or more was

Table 2 Characteristics of 106 patients, treated for idiopathic scoliosis with onset before the age of 10 years, in terms of demographic data, the

scoliotic curve and its treatment, and pulmonary function

All (n=106) Brace treated (n=57) Surgically treated P value:
(n=49) brace vs.
surgery
Gender female 87 (82) 49 (86) 38 (78) N.s.
At time for treatment
Age at
Diagnosis, years 7.0 (2.2) 7.2 (1.8) 6.8 (2.7) N.s.
0.08-9.8 0.5-9.7 0.08-9.8
Start of treatment, years 12.1 (2.8) 10.9 (2.8) 13.5(2) <0.001
2.8-17.5 2.8-17.1 8.2-17.5
End of treatment, years 14.7 (2.1) 15.3(1.8) 14.0 (2.1) <0.001
8.5-19.1 8.5-19.1 9.8-18.5
Curve size at start of treatment, ° 42.1 (18.1) 28.5 (8.6) 57.4 (13.1) <0.001
10-97 10-47 35-97
No of patients with curve size >50° 35 0 35 -
At follow-up (present study)
Age, years 41.7 (7.2) 41.0 (6.8) 42.4 (7.6) N.s.
28.3-61.8 28.5-61.8 28.3-55.8
Follow-up time from completed treatment until  26.5 (7.4) 24.9 (6.2) 28.4(8.2) 0.011
present follow-up, years 10.5-42.1 10.5-35.0 12.1-42.1
Curve size at present follow-up, ° Cobb 35.8 (15.6) 35.1(17.3) 36.6 (13.5) N.s.
4-83 4-83 15-73
No. of patients with curve size >50° 22 12 10 N.s.
Trunk deformity, © (Bunell scoliometer) 13.4 (6.2) 10.7 (4) 16.5 (6.9) <0.001
3-30 3-20 6-30
Pulmonary function tests
TLC (% of pred. values) 90.0 (14.6) 95.6 (10.5) 83.8 (16) <0.001
38.5-121.3 75.7-121.3 38.5-114.3
FVC (% of pred. values) 86.0 (14.6) 90.8 (11.5) 80.4 (15.9) <0.001
36-119 68.8-114 36-119
FEV, (% of pred. values) 88.3(17.2) 95.2 (12.6) 80.1 (18.5) <0.001
31.6-135.8 72.1-135.8 31.6-129.2
Ever smoker (current or ex-smoker) 41 (39%) 24 (42%) 17 (35%) N.s.

Values are mean (SD) and range, or n (%)

FEV, forced expiratory volume in one second, FVC forced vital capacity, n.s. nonsignificant, TLC total lung capacity, pred. predicted
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similar (ST 10 patients, BT 12 patients). The mean duration
of brace treatment was 4.4 years.

At the present follow-up, operated patients had a larger
trunk deformity, 16°, compared with the braced patients, 11°
(»<0.001). Curve apex at present follow-up was located at
T9 or above in 86 (81%) of the patients.

Results concerning pulmonary function are also given in
Table 2. The mean TLC (% predicted values) was 90%, but
with a large individual variation (range 38—121%). The TLC
differed significantly between the BT and ST groups with
96% and 84%, respectively, p <0.001. Thirty-nine percent
were ever-smokers, that is, current or ex-smokers, 42% of
BT and 35% of ST (nonsignificant).

Thoracic mobility

The range of motion of the thoracic spine, presented in
Table 3, showed that the BT group had significantly better

range of motion (p <0.001), and the ST group had sig-
nificantly reduced values (p <0.001) compared with the
reference values. The ST group had a significantly stiffer
thoracic spine than the BT group (p <0.001).

Both the BT and ST patients were able to expand their
chest cage (“thorax expansion”) significantly less (14 and
19 mm) at the level of the xiphoid process, compared with
the reference values (p <0.001). The BT patients and the
ST patients did not differ significantly, neither at the level
of the xiphoid process (p =0.07) nor at the level of the
fourth rib (p =0.53) (Table 3).

The respiratory movements (the RMMI tests) during
maximal breathing, compared with a reference group of
100 healthy men and women 20-69 years of age [27], were
significantly decreased, by mean values of up to 12 mm,
in both BT and ST groups, at all locations of the rib cage,
compared with the reference values (p <0.001; Table 3).
There were no significant differences between the BT and
ST groups (not presented in the table).

Table 3 Thoracic range of motion, thorax expansion, maximal breathing movements, and respiratory muscle strength in both groups and refer-

ence/comparison values

BT (n=57) ST (n=49)
Measured value Reference value P value Measured value Reference value P value
Thoracic range of 39.7 (8.9) 28.2(8.2) <0.001 15.2(8.1)0-37.0 28.2(8.2) <0.001
motion, kyphom- 23.0-62.0
eter, °
Thorax expansion, mm
Xiphoid process 46.8 (19.4) 10.0-90.0  60.4 (0.5) <0.001 39.8 (19.1) 5.0-80.0 59.1 (0.7) <0.001
Fourth rib 41.8 (17.4) 10.0-100.0 — - 39.5(17.8) 10.0-90.0 - -
Maximal breathing
movements, mm
Upper thoracic 7.32(7.52) 17.69 (0.03) <0.001 7.54(7.16) 0.94-38.74 17.68 (0.34) <0.001
convex 1.23-45.72
Upper thoracic 7.07 (7.85) 18.09 (0.16) <0.001 7.16 (7.19) 0.86-36.59 18.11 (0.14) <0.001
concave 1.14-49.21
Lower thoracic 5.32(5.29) 16.84 (1.56) <0.001 5.65(6.57) 1.31-33.10 17.22(1.87) <0.001
convex 0.72-33.25
Lower thoracic 5.33 (6.26) 16.53 (1.30) <0.001 5.73 (5.40) 1.48-28.24 16.84 (1.56) <0.001
concave 0.66-41.66
Abdominal convex 9.18 (8.54) 18.25 (2.58) <0.001 8.57 (5.95) 1.68-25.15 18.87 (3.10) <0.001
1.55-41.60
Abdominal concave  8.54 (8.94) 18.52 (2.50) <0.001 7.89 (5.79) 1.40-27.75 19.13 (3.02) <0.001
1.04-44.70
Respiratory muscle Measured value Comparison group p value Measured value Comparison group p value
strength, cmH,0 BT (n=16) (n=40) ST (n=17) (n=40)
MIP 78.1 (32.6) 9.0-123.0  88.7 (28.6) 23.0-147.0 N.s. 59.3 (23.4)22.0-103.0 88.7 (28.6) 23.0-147.0 p=0.001
MEP 112.8 (34.4) 39.0— 118.4 (29.8) 61.0— N.s. 94.2 (28.1) 57.0-149.0 118.4 (29.8) 61.0- p=0.007
169.0 195.0 195.0

Breathing movements were adjusted to the direction of the scoliosis. Values are mean (SD) and range

BT brace-treated, MEP maximal expiratory pressure, M/P maximal inspiratory pressure, ST surgically treated
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Respiratory muscle strength

The respiratory muscle strength was significantly reduced
to 67% of MIP and 79% of MEP reference values in the ST
group, but this was not found for the BT group (Table 3).
Between the two treatment groups, there were no significant
differences in either MIP or MEP.

Correlations between mobility of the thoracic spine,
pulmonary function, and rib-cage deformity

Correlation analyses between the three modes for measure-
ment of thoracic mobility, pulmonary function, and rib-cage
deformity are presented in Table 4.

The ability to expand the thorax (expansion tests) corre-
lated little or moderately with the pulmonary function tests
(TLC, FVC, and FEV,), r=0.43-0.64. Neither pulmonary
function (TLC, FVC, or FEV,) nor curve (size and trunk
deformity) correlated with breathing movements.

Respiratory muscle strength (both MIP and MEP) cor-
related moderately with all the three pulmonary function

Table 4 Univariate correlations between measurements of thoracic mobility versus pulmonary function and rib-cage deformity

Thor ROM* Thor Exp upper’ Thor Exp lowerf Thor Exp

RMMI (sum of upper, lower, RMMI (sum of upper and

upper+lower® and abdomen left and right) abdomen left and right)
TLC 0.173 0.545%* 0.434%#* 0.494%* 0.076 0.113
FVC 0.250* 0.639%* 0.501%#* 0.577+** 0.092 0.131
FEV, 0.226* 0.574%* 0.428%#* 0.504%* 0.121 0.163
Curvesize FU  0.095 0.145 0.080 0.097 0.024 0.043
Trunk deformity 0.326** 0.041 0.056 0.062 0.119 0.127

FEV,, forced expiratory volume in one second; FVC, forced vital capacity; RMMI, Respiratory Movement Measuring Instrument; TLC, total

lung capacity

*Thoracic range of motion (kyphometer)

TThorax expansion at the level of the fourth rib
#Thorax expansion at the level of the xiphoid process
$Thorax expansion, the sum of upper and lower
*p<0.05, ##p <0.01

Table5 Univariate correlations TLC FVvC FEV, Thorax exp upper*  Thorax exp lowerf  Thorax exp
between MIP and MEP i
; upper + lower
versus thorax expansion and
pulmonary function MIP 0.504%*  0.529*%*%  0.568**  (0.530%** 0.408%* 0.525%%*
MEP  0.574%%  0.567**  0.605%*  0.611%** 0.553%#* 0.631%**

FEV, forced expiratory volume in one second, FVC forced vital capacity, MEP maximal expiratory pres-
sure, MIP maximal inspiratory pressure, TLC total lung capacity

*Thorax expansion at the level of the fourth rib

"Thorax expansion at the level of the xiphoid process

#Thorax expansion, the sum of upper and lower

p<0.05, *p <0.01

Table 6 Multivariate analysis
for explaining TLC percentage

predicted and based on
significant results of the
univariable analyses revealed
the following variables and beta
values

Univariable Multivariable
Curve size at start of treatment, ° —-0.53 (p<.0.001) —-0.21 (p=0.016)
Thorax expansion, xiphoideus, cm 3.32 (p<0.0001 3.00 (p <0.0001)
Gender, male or female 8.98 (p=0.014) 13.59 (p <0.0001)
Brace model, Milwaukee or Boston 10.21 (p <0.0007) 5.50 (p=0.018)
Smoking habits, never or ever-smokers 10.40 (p=0.0003) 6.25 (p=0.010)
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tests, TLC, FVC, and FEV, (r=0.50-0.61), as well as with
thorax expansion (upper, lower, and upper in combination
with lower) (r=0.41-0.63) (Table 5).

Multivariate analysis

A multivariable linear regression model explaining TLC as
percentage of predicted was based on significant results of
the univariable analysis and results are presented in Table 6.
The R-squared value for the multivariable model was 0.619.

An additional analysis was made for the subgroup of 33
patients, who were also examined for respiratory muscle
strength. These added variables were not strong enough to
further explain the percentage of TLC predicted.

Discussion

This study is the first follow-up of thoracic mobility in previ-
ously treated patients with early onset idiopathic scoliosis.
The main finding is that both brace-treated and surgically
treated patients showed significantly reduced thorax expan-
sion and respiratory movements at a mean of 26.5 years after
completed treatment. Our aim was to explore these findings
in relation to the pulmonary function, which were previously
presented (https://doi.org/10.1016/j.jspd.2015.07.007).

Thoracic mobility

The range of motion of the thoracic spine was measured
with a Debrunner Kyphometer and, as expected, the ST
group had significantly reduced values compared with the
BT group as a result of several fused vertebrae, as in previ-
ous studies of adolescent idiopathic scoliosis [5]. The abil-
ity for the chest cage to expand the thorax was significantly
reduced by 14-19 mm in both groups, compared with the
reference values. Two other studies have previously, with
other methods, evaluated rib-cage movements in patients
with idiopathic scoliosis and found them to be reduced [32,
33]. As information about onset of scoliosis or treatment is
lacking in those studies, comparisons are troublesome. The
clinical value of the reduction, being less than 20 mm, needs
to be established before a proper evaluation on pulmonary
function can be made.

Maximal breathing movements during deep breathing
were measured with RMMI, and the patients had approxi-
mately 10 mm less movement compared with the reference
values [27]. No previous studies on individuals with scolio-
sis exist for comparison. The reduction is likely to be con-
sidered small, in relation to the total anteroposterior diam-
eter, and the clinical significance needs to be evaluated with
further studies.

Respiratory muscle strength

The possibility for later evaluation of respiratory muscle
strength led us to add this examination in a subgroup of
33 patients, as this component is considered to be of high
importance for respiration. This subgroup was similar in
terms of curve size and ever-smokers.

The surgically treated patients in this subgroup had sig-
nificantly less muscle strength compared with the reference
group, whereas the braced patients had not. In addition, the
moderate correlations between respiratory muscle strength
and pulmonary variables were found. Muscle strength
and function are closely associated with one another and
decreased thoracic mobility was found in the scoliotic
patients. Whether these findings are results of the scoliotic
rib-cage deformity itself or a stiffer spine after surgery or a
prolonged brace treatment is unknown. This study evaluates
late additive results of both deformity and the treatment of
the deformity, and was not designed to evaluate these issues
separately.

Respiratory muscle strength has previously been tested
in patients with chronic obstructive pulmonary disease [34],
cystic fibrosis [35], and ankylosing spondylitis [36] and
found to have different levels of associations. In the latter
study [36], they found correlations between thorax expan-
sion and MIP and MEP, similar to our findings.

From our results, it is not possible to evaluate whether
the diaphragmatic motion is affected, because we have not
evaluated its function. Kotani et al. [33], who also found
restricted rib-cage movements in patients with idiopathic
scoliosis, reported that the diaphragmatic motion was nor-
mal. This is contradictory to Chu et al. [37], who found that
diaphragmatic heights significantly reduced in patients with
severe idiopathic scoliosis when measured by dynamic mag-
netic resonance imaging.

Correlations between results

The ability for thorax expansion and the respiratory muscle
strength correlated (moderately) with the pulmonary func-
tion (TLC, FVC, and FEV,), whereas the breathing move-
ments (RMMI) did not show any correlations of significance.
Hagman et al. [38] found a strong correlation between meas-
ured breathing movements and breathing volumes. They did
their measurements, with RMMI and a dynamic spirometer,
simultaneously in three different body positions—supine,
sitting on a chair, and standing with the back against a wall.
In our study, the supine position was used for the breathing
movements with RMMI because of the need of a stable posi-
tion for the measurement of the anteroposterior movements
and the fact that the reference values were collected in the
supine position [27]. Both the spirometry and the respira-
tory muscle strength were measured in the sitting position,
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whereas the expansion of the thorax during breathing was
measured in an upright standing position because of the test-
ing position of this reference group [13]. These different
body positions during the tests might be an explanation for
the lack of correlation.

Further comments on pulmonary function tests
and smoking habits

The ventilatory capacity of the patients in this study was
evaluated by use of spirometry, with data on FVC and FEV
as well as by use of body plethysmograph measuring TLC.
The pulmonary function tests are presented as percentage
predicted values. These are mean values for the normal pop-
ulation adjusted for height, age, and gender, and therefore,
normal individual predicted values range from 80 to 120%
[25]. The main deterioration of pulmonary function due to
scoliosis and its treatment is restrictive ventilation. TLC is
the key measurement to evaluate restrictive disorders of ven-
tilation and was, therefore, chosen as the main outcome of
the pulmonary function in this study.

The multivariate linear regression model, aimed to
explain the TLC percentage predicted, included five var-
iables, of which two belong to the time of the treatment
(curve size and type of brace), two to demographics (gender
and smoking), and one to the time of the current follow-up
(lower thorax expansion). Their level of explanation was an
R-squared value of 0.619. Gender, brace model, smoking
habits, thorax expansion (xiphoideus), and curve size at start
of treatment were strongly associated with TLC percentage
predicted.

The impact of gender in lung volumes is well-known,
as men in general have larger lung volumes than women.
Despite our analyses using the percentage of predicted val-
ues, constructed to eliminate the gender difference, the male
gender has an association with lower TLC in this study. That
the type of brace was of importance can be explained by the
use of the stiffer Milwaukee brace compared with the less
rigid Boston brace, which is still in use. With more modern
braces in use, for instance, the night braces worn for less
time, these negative effects might be reduced in the future.

Smoking has a strong association to TLC percentage
predicted values, where “ever-smokers” have higher values
(96% of predicted) than never-smokers (86% of predicted).
This finding presents a possible difficulty in evaluating the
effect on the decrease of TLC related to treatment for scolio-
sis. The higher values in smokers is most probably due to the
development of emphysema, which also has been reported
to increase TLC in apparently healthy smokers [39]. As the
proportion of smokers does not differ between the surgically
or brace-treated groups, our interpretation is that smoking
does not influence the effect of various treatments for sco-
liosis, where increasing curve size or decreasing thoracic
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expansion is related to a low TLC, as a matter of restrictive
pulmonary function. Emphysema adds an obstructive com-
ponent to any restrictive consequence of scoliosis; therefore,
avoiding or quitting smoking is a very important advice for
patients treated for scoliosis.

Strength and limitations of the study

One advantage of this study is the long follow-up time of a
group of 106 patients with early onset scoliosis. The original
group of 179 patients is considered a consecutive series of
which finally 59% participated. Another advantage is that we
have analyzed the mobility of the thoracic cage and its rela-
tion to the total lung capacity, which has previously not been
studied. A limitation of the study is that we did not compare
the results to matched control subjects. To compensate, we
used reference values consisting of corresponding groups
of healthy individuals of similar age and gender. Another
limitation is that the number of patients in the subgroup
having measured MIP and MEP is small. However, both
brace-treated and surgically treated were evaluated together.

Conclusions

Thoracic mobility was significantly reduced at follow-up
(mean 26.5 years after completed treatment) in both brace-
treated and surgically treated patients with early onset sco-
liosis. TLC values as a measurement of pulmonary function
were influenced by gender, brace model, smoking habits,
thorax expansion, and curve size at the start of treatment.
Because smoking is also associated with several additional
health problems, patients must be advised to not smoke.

Key points

e Thoracic mobility, except for the range of motion of the
thoracic spine in the brace-treated patients, was signifi-
cantly reduced at mean 26.5 years after completed treat-
ment.

e These reductions had limited impact on the total lung
capacity.

e The total lung capacity had strong associations with
smoking habits, brace model, gender, thorax expansion
(xiphoideus), and curve size at the start of treatment.

e Individuals with scoliosis must be strongly advised not
to smoke.
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