Original Article

International Journal of Paediatric Orthopaedics | Jan-April 2020; 6(1): 2-6

Assessment in adolescent scoliosis
Connor J. S. McKee¹
Abstract
Background: Adolescent idiopathic scoliosis is associated with lateral spinal curvature, vertebral rotation and rib cage distortion which disrupts
normal, symmetrical thoracic movement leading to restriction of lung expansion and impaired pulmonary function. The effects of scoliosis on
lung growth, airway function and exercise capacity are well documented but it is unclear how altered rib positioning affects lung function. This
paper compares two different radiological measurements with pulmonary function.
Methods: The study compared two measures of deformity: Cobb angle and average rib-vertebral angle difference with pulmonary functioning.
Existing literature describes Cobb angle as a useful indicator of pulmonary dysfunction. However, there are few reports on the use of rib-vertebral
angle difference and these are limited to a single measurement taken at the apical vertebrae. This study of 53 patients used an average rib-vertebral
angle difference over five vertebral levels. This measure gives a more representative measurement of the scoliotic deformity. This measure was
then correlated with the patient’s Cobb angle and pulmonary function.
Results: Using Spearman’s rank correlation coefficient, average rib-vertebral angle difference correlated strongly with Cobb angle (0.83), forced
vital capacity (-0.81), forced expiratory volume in 1 second (-0.76), and peak expiratory flow (-0.60).
Conclusions: The study found that measurement of Cobb angle is superior to average rib-vertebral angle difference across five vertebral levels.
Keywords: Idiopathic, scoliosis, RVAD, Cobb, measurement.
Study design: Retrospective correlation of pre-operative pulmonary function tests and radiological measurements

Introduction
Adolescent idiopathic scoliosis describes abnormal lateral
curvature of the spine with no known cause affecting
individuals between 10 and 18 years of age. It is a chronic
debilitating disease that can result in impaired respiratory
function. The prevalence of scoliosis is reported to range from
0.5% to 5.2% of the adolescent population [1]. Females are
more frequently affected than males with a reported female to
male ratio ranging from 1.5:1 to 3:1. This ratio increases with
the severity of the curve, rising to 10:1 for Cobb angles greater
than 30º [2]. The majority of scoliosis cases (85%) are
idiopathic[3]. Many pathogenic mechanisms have been
suggested as causes of idiopathic scoliosis. Hormonal,
metabolic, biomechanical and neural changes have all been
postulated to result in production of deformity. However, it
remains unclear whether these factors cause the deformity or
occur secondary to it [4]. Other causes of scoliosis include
congenital, traumatic, infective, neuromuscular, postural and
metabolic aetiologies [2].
Irrespective of cause, scoliosis results in a three dimensional
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deformity of the vertebral column with lateral spinal curvature,
vertebral rotation and rib cage distortion. These deformities
disrupt normal, symmetrical thoracic cage movement during
respiration which lead to restriction of lung expansion. In
severe scoliosis, the deformities may lead to compression of
intra-thoracic organs, decreased lung volumes, disruption of
respiratory muscle mechanics and limitation of rib movement.
The lack of compliance and the restricted expansion of the
thoracic cavity adversely affects the patient’s vital capacity
(VC), forced expiratory volume in 1 second (FEV1) and tidal
volume (TV) [5]. Decreased thoracic volume reduces the
space available for lung expansion, reducing total lung capacity
(TLC). It also restricts lung growth and functional lung
volume which affects gas transfer during respiration. Scoliotic
patients may also have difficulty completely emptying their
lungs [6]. Prolonged hypo-inflation and compression of the
underlying lungs can lead to irreversible atrophic changes in
lung tissue, causing a further reduction in lung volume in a
pattern consistent with restrictive lung disease. Furthermore,
scoliotic deformity can also be associated with displacement
and rotation of the trachea and main stem bronchi, producing
airway obstruction. Lower airway obstruction due to airway
hyper responsiveness is also observed but this is usually
reversible with the use of bronchodilators [2]. The relationship
between increasing scoliotic deformity and decreased
pulmonary function has yet to be fully defined.
Clinicians use radiological measurements to quantify the
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Fig. 3: Scatter plot displaying the correlation between Cobb angle and
average RVAD

around the point of maximal angulation. An average of five was
Fig. 1: Method of Cobb angle F i g . 2 : M e t h o d o f R V A D chosen to give a more representative estimate of the scoliotic
measurement on PA radiographs
measurement on PA radiographs
deformity. The average RVAD was then correlated with each
patient’s pulmonary function tests to evaluate its effectiveness
severity of scoliosis. The radiological techniques include
in predicting decline in pulmonary function.
measuring Cobb angle, rib-vertebral angle (RVA) and ribvertebral angle difference (RVAD). The existing literature
Materials and Methods
promotes Cobb angle as a useful indicator of pulmonary
Application to access patients radiographs and notes was
dysfunction [7]. Cobb angle is a widely used radiological
sought and granted by the Bel fast Tr ust Clinical
method for quantifying the magnitude of the lateral curvature
Audit/Governance Department.
in scoliosis, however, it is subject to a high degree of interA cohort of patients with moderate to severe adolescent
observer variability [8]. Most authors agree that lung
idiopathic scoliosis without previous corrective surgery was
dysfunction becomes clinically significant once the Cobb angle
selected. The majority subsequently underwent corrective
exceeds 50º [3]. Patients with a spinal Cobb angle of greater
spinal surgery at the Royal Victoria Hospital and the Royal
than 90º are at increased risk of pulmonary hypertension and
Belfast Hospital for Sick Children between January 2015 and
cardiorespiratory failure [9].
December 2017. Excluded from the cohort were patients
Increased lateral angulation of the spine in scoliosis alters
outside the 10-18 year old age range, patients with previous
tension in the thoracic wall musculature. Intercostal muscles on
spinal surgery, patients with neuromuscular scoliosis (caused
the convex side of the scoliotic angulation experience an
by Duchenne muscular dystrophy, cerebral palsy or spina
increase in stretch as the distance between the ribs increases
bifida), and those without erect PA films. After these exclusion
while intercostal muscles are compressed by narrowing of the
criteria were applied, a cohort of 53 patients (12 male, 41
intercostal distance on the concave side [11]. This
female) with a mean age of 14.6 years (standard deviation [SD]
asymmetrical strain results in vertebral rotation and disruption
= 2.2 years) were available for analysis.
to ribcage alignment.
Radiological measurements were calculated by reviewing PA
There are few reports on the use of rib-vertebral angle
erect radiographs of the thoracic spine. Cobb angle was
difference (RVAD) as a means of predicting pulmonary
calculated by drawing lines parallel to the superior border of the
dysfunction. RVAD was originally described as a method of
upper vertebral body, and the inferior border of the lowest
predicting resolution or progression of curves in infantile
vertebrae of the curve. Perpendicular lines to these were
scoliosis [10]. The rib-vertebra angle (RVA) is closely
generated, and Cobb angle was measured where these
correlated with Cobb angle.
intersected (Fig 1).
A previous study that investigated how apical RVAD related to
Rib-vertebral angle (RVA) is a measurement used for defining
pulmonary functioning in adolescent idiopathic scoliosis
the relationship between each rib and its corresponding
showed a negative correlation between RVAD in the erect
thoracic vertebrae [10]. It was calculated by superimposing a
posteroanterior (PA) radiographs and functional residual
line perpendicular to the inferior vertebral endplate [13].
capacity (FRC) [12]. However, it was confined to use of RVAD
Following this, a line created from the midpoint of the rib neck
at the apical vertebrae alone, at the level of maximal angulation.
to the midpoint of the rib head was superimposed. It was
The aim of the current study was to retrospectively review the
continued until it intersected the original perpendicular line,
radiological and clinical data of a cohort of patients with
the angle created was then measured (Fig 2).
adolescent idiopathic scoliosis. Cobb angle was correlated with
Rib-vertebral angle difference (RVAD) was calculated by
an average of five measures of RVAD from the five vertebrae
subtracting the convex RVA from the concave RVA. RVAD was
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measured over five ribs pairs, centred on the apex of the curve.
An average value was obtained for each of the five levels. If the
apex was located at an intervertebral disc, the vertebrae above
the disc was taken as the apex, as described in previous
literature [14]. The level of the apical vertebrae of each patient
was recorded as was the laterality of convex side.
Several measures of pulmonary function were extracted from
the patients spirometry tests. These were available for 31 of the
53 individuals, due to data loss or the tests not being
performed. Pulmonary function tests were recorded with the
patients standing. The following data were recorded using a
computerised spirometer and peak flow meter:
- Forced vital capacity (FVC): the volume of air in litres that can
be forcibly expelled after maximum inspiration.
- Forced expiratory volume in 1 second (FEV1): the volume of
air in litres that can be forcibly expired in one second, after
maximum inspiration.
- FEV1 /FVC
- Peak expiratory flowrate (PEF): peak airflow achieved during
- at needed forced expiration. Measured in litres/second
Data analysis was performed using SPSS (version 25) statistical
software.

Results
The normality of the data distribution for average RVAD and
Cobb angle was tested using the Shapiro-Wilk test. Values
exceeding P=0.05 suggested a normal data distribution.
Average RVAD displayed a normal distribution (P=0.077).
However, Cobb angle values were not normally distributed
(P=0.009). Due to this non-parametric distribution,
Spearman’s rank was preferred for analysis. The results from the
present study displayed a very strong positive correlation
between Cobb angle and average RVAD of 0.83 (p=0.01),
demonstrated in (Fig 3).
The cohort had a mean Cobb angle of 65º (range 30º - 102º),
and mean average RVAD over five vertebral levels was 30º
(range -4º - 82º). Within the sub-group of 31 patients with
radiology and pulmonary function tests available, the mean
values for Cobb angle and average RVAD were similar at 66º
and 33º respectively. The greatest difference between concave
and convex RVA was observed at the second vertebrae above
the apex in 98% of the cohort. The median level of the apex of
the scoliotic curve was observed at T8. Concavity was to the left
side in 91%.
When compared to a refence population, the study cohort
collectively displayed a reduction in the mean percent of
predicted values for the components of the PFTs. The mean
percent of predicted values for FVC, FEV1 and PEF were
78.27%, 77.60% and 82.33% respectively. Males displayed
lower mean percentage predicted values for FVC, FEV1, PEF
and observed FEV1/FVC ratio than females. The FEV1/FVC

ratio was preserved in both sexes, 78.41% in males and 88.50%
in females.
An inverse relationship was found between both Cobb angle
and average RVAD, and pulmonary function test results. Table
1 shows that increasing Cobb angle demonstrated a very strong
negative correlation with the percent of predicted values for
FVC, FEV1 and a strong correlation with PEF of -0.87, -0.82,
and -0.67 respectively. Similarly, average RVAD demonstrated
strong negative correlations with each of these components
with values of -0.81 (FVC), -0.76 (FEV1) and -0.60 (PEF). No
correlation was identified between either independent variable
and the FEV1/FVC ratio.
Data was analysed by linear regression. Adjusted R square
values of 0.699, 0.647 and 0.29 were obtained between Cobb
angle and percentage of predicted values of the dependant
variables FVC, FEV1 and PEF respectively. Cobb angle was
responsible for 69.9% of the variability found in FVC, 64.7% of
the variability in FEV1 and 29% in PEF. Adjusted R square
values from linear regression analysis of average RVAD and
FVC, FEV1 and PEF were 0.583, 0.610 and 0.31 respectively.
This suggests that average RVAD was responsible for 58.3% of
the variability found in FVC, 61% in FEV1 and 31% in PEF.
No correlation was observed between gender and magnitude of
cobb angle. There was no statistically significant correlation
between the level of the apex of the scoliotic curve and
pulmonary function test components.

Discussion
The current study demonstrated a strong positive correlation
between Cobb angle and average RVAD, this is supported by
existing literature [15,16,17,18,19]. Patients with moderate to
severe scoliosis are known to have greatly reduced values of
FEV1, FVC and vital capacity [5,20,21]. The current study
showed that both increasing Cobb angle and average RVAD
had strong negative correlations with measures of pulmonary
function except for FEV1/FVC. In contrast, Upadhyay et al.
1995, did not demonstrate a correlation between apical RVAD
and FVC [12]. They reported a preserved FEV1/FVC ratio,
consistent with restrictive lung disease in scoliosis.
Obstructive or mixed restrictive lung disease with air trapping
have been documented in 46% of pre-operative scoliotic
patients [22]. The current study identified a correlation
between average RVAD and PEF, which is a measure of
obstructive lung disease. PEF can be affected by a range of
Table 1 - Correlation coefficient found between Cobb angle and average RVAD with each component of
pulmonary testing
FVC % Predicted
Cobb angle/º Correlation Coefficient
Sig (2-tailed)
N
Average RVAD/º Correlation Coefficient
Sig. (2-tailed)
N

-0.87
0.01
31
-0.81
0.01
31

FEV1 %
Predicted
-0.82
0.01
31
-0.76
0.01
31

FEV1/FVC
Observed
0.44
0.81
31
-0.13
0.48
31

PEF %
Predicted
-0.67
0.01
31
-0.6
0.01
31

Sig = significance. N = number of individuals.
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factors including: changes to the structure of these airways,
decreased respiratory muscle strength and thoracic cage
deformity affecting chest wall expansion. Displacement and
rotation of the tracheobronchial tree and asymmetric chest
wall expansion may also contribute to this correlation [23].
Th e st u d y co h o r t d em o n st rated a 3 . 5 : 1 f ema l e
preponderance, which was consistent with the existing
literature. The majority of individuals in the cohort had their
scoliotic curve concave to the left. This study was unable to
identify a correlation between the level of apical vertebrae
and decline in pulmonary function.
Measuring average RVAD on PA films is a simple technique
which is readily available. Taking an average across five
vertebral levels provides a more representative estimate of
scoliotic deformity than merely using RVAD of the apical
vertebrae alone. It was found to be an accurate predictor of

pulmonary dysfunction in patients with adolescent
idiopathic scoliosis. The current study demonstrates a strong
correlation between average RVAD and percentage predicted
values for FVC, FEV1 and PEF. However, when compared
with Cobb angle, a single global measurement, average RVAD
was not found to be superior to existing Cobb angle
techniques.

Conclusions: The study found that measurement of Cobb
angle is superior to average rib-vertebral angle difference
across five vertebral levels.
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