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ABSTRACT A

Background: Idiopathicscoliosis, whichaccounts forthe 80-85% ofall lateral spine curvatures, distorts the chest wall anatomy
and results in functional pulmonary disability. Aims and Objectives: The aim of this study is to evaluate the pulmonary
function in patients with asymptomatic idiopathic scoliosis and matched controls and to study the correlation between the
degree of spinal deformity (Cobb’s angle) and pulmonary function test (PFT) parameters. Materials and Methods: This
study included 35 (27 males and 8 females) patients with idiopathic scoliosis in the age group of 15-30 years, with mean
Cobb’s angle 62°. Standing anteroposterior X-rays of the spine were taken. The radiographs were assessed and angle of
curvature was measured by the Cobb’s method. PFT parameters were recorded and compared with matched controls, and
their correlation with Cobb’s angle was studied. The data were analyzed with the Student’s unpaired 7-test and Pearson’s
correlation coefficient. Results: Pulmonary parameters such as tidal volume, vital capacity (VC), forced VC (FVC), forced
expiratory volume in first second (FEV ), maximum mid-expiratory flow rate, peak expiratory flow rate, and maximum
voluntary ventilation were significantly reduced in scoliosis patients than controls, and they were inversely correlated
with Cobb’s angle. However, the mean FEV /FVC ratio at rest in scoliosis patients was within normal limits and the ratio
was not correlated with Cobb’s angle. Conclusion: Thus, it can be concluded that patients with idiopathic scoliosis show
reduced lung volumes and capacity on PFT and the pulmonary parameters show strong inverse correlation with the severity
of the spinal deformity (Cobb’s angle).

KEY WORDS: Maximum Voluntary Ventilation; Peak Expiratory Flow Rate; Cobb’s Angle; Scoliosis; Pulmonary
Functions
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INTRODUCTION compliance that is demonstrable on pulmonary function

testing (PFT).[ The current definition of scoliosis as an

The principal effect of scoliosis on pulmonary functions
believed to be mechanical. The anatomic changes in
the chest wall causing impaired movement and reduced
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abnormal lateral curvature of the spine, Cobb’s angle,?! at
least 10°, with concordant vertebral rotation.®! Scoliosis
classification is based on the quantification of the severity
of scoliosis by the use of radiographic measurements of the
angle of curvature in the spine (Cobb’s angle), as well as the
level of the apex of the spinal curvature and the number of
curves.” Many studies have shown that PFTs of patients with
idiopathic scoliosis reveal a restrictive defect.[*! Defective
mechanical coupling of inspiratory muscles to the chest wall
leading to a decrease in respiratory muscle mechanics has
been shown to contribute to the restrictive properties.”
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Many studies have demonstrated a strong correlation between
abnormal pulmonary function and the severity of the spinal
deformity. However, other factors, such as the distortion of
the rib cage associated with the vertebral deformity, may also
contribute to the altered ventilation mechanics. 651011

Some previous studies have shown an obstructive defect
in idiopathic scoliosis.'*!S)  Airway obstruction may
occur though uncommon. Rotation of the chest can cause
displacement/rotation of the intrathoracic and main stem
bronchi, or compression of a main stem bronchus against
vertebra and mediastinal structures, causing mechanical
airway obstruction, reduce expiratory flow rates and increase
airway resistance.!'>!Y  Respiratory abnormalities have
been more frequently reported in adolescents with spine
curvature >45°. Fatal cardiopulmonary abnormalities are
known to develop in these patients.['5!!

The present study was designed to study the effect of the
severity of Cobb’s angle (spine curvature) in idiopathic
scoliosis patients in the absence of other respiratory diseases
on pulmonary function.

MATERIALS AND METHODS

This study was conducted in the Department of Physiology,
Karnataka Institute of Medical Sciences, Hubballi, after
obtaining the Institutional Ethical Clearance. The cases for
this study with clinically recognizable scoliosis were taken
from Orthopedic Department, KIMS, Hubballi, and those
patients who were visiting the Medical superintendents office
to obtain their “Physical Handicap” certificate. They were
asymptomatic and had no medical or orthopedic problems
other than chest deformity.

This study group comprised 35 patients with idiopathic
scoliosis in the age group of 15-30 years, with mean Cobb’s
angle 62° and ranged from 48° to 110°. There were 27 males
and 8 females. All of them gave a history of early onset
scoliosis, i.e., scoliotic curves were noticed at 2-4 years of
age, and in only one patient, the curve was noticed at the age
of 8 years. 30 patients had their curves to the right, and in
five, the curves were to the left. All of them had single major
curve. In 30 patients, the curves were located in the thoracic
region, and in five patients, the curves were in thoracolumbar
region. 35 matched controls were selected from the general
population. Both groups were of similar age, sex, height, and
weight.

Those with a history of chronic respiratory disorders, cardiac
disease, systemic disorders affecting respiratory system,
mentally handicapped, and smokers were excluded from the
study. A thorough history taking and clinical examination were
carried out to rule out the exclusion criteria, and the vital data
were recorded. Standing height (deformed in scoliotics) was
measured without footwear with patients back in contact with

the wall and with both heels together and touching the base
of the wall. As the spine is distorted in scoliotic patients, their
deformed (actual) heights cannot be used for predicting lung
volumes or selecting controls. Hence, the corrected height
was calculated from arm span, with the method described
by Hepper et al.l'”! Measurement of arm span was obtained
by having the patient stand against a wall and stretching his/
her arms to attain the maximal distance between the tips of
the middle fingers. Weight was recorded with light clothing
using a digital weighing machine. Both the height and weight
were measured to the nearest 0.1 cm and 0.5 kg, respectively.
None of these patients had received any surgical therapy and
was asymptomatic.

Standing anteroposterior (AP) radiographs (X-rays) of the
spine were taken from all cases in Radiology Department of
KIMS, Hubballi. The same techniques were used throughout
the study. The radiographs were assessed for the position
and type of curve. The angle of curvature was measured by
the Cobb’s method. Patients were divided into three groups
based on the degree of Cobb’s angle (mild 20-50, moderate
51-70, and severe >71).

Various spirometric measurements were taken on both
control and study groups with a portable, computerized
spiralizer - SPL 95 (France International Medical, Lyon).The
recordings were carried out between 10 am and 12 noon. All
the maneuvers were performed in sitting position. Thorough
instructions were given to each patient regarding the test
and sufficient time was provided to practice the maneuvers.
A soft nose clip was put over the nose to occlude the nostrils,
and disposable mouthpieces were used to minimize cross
infection.

Statistical Analysis

The data were analyzed with the Student’s unpaired #-test and
Pearson’s correlation coefficient. The statistical analysis was
carried out with SPSS 13.

RESULTS

This study group comprised 35 patients with idiopathic
scoliosis in the age group of 15-30 years, with mean Cobb’s
angle 62° and ranged from 48° to 110°. The recorded
anthropometric data in controls and study group did not show
any statistical significance as shown in Table 1. The recorded
vital data show a significant difference in respiratory rate of
cases than controls as shown in Table 2.

Pulmonary parameters such as tidal volume (TV), vital
capacity (VC), forced VC (FVC), forced expiratory volume
in first second (FEV ), maximum mid-expiratory flow rate
(MMEF), peak expiratory flow rate (PEFR), and maximum
voluntary ventilation (MVV) were significantly reduced
in cases than controls as shown in Table 3, and they were
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inversely correlated with Cobb’s angle as shown in Table 4.
However, the mean FEV /FVC ratio at rest in cases was
comparable to controls and is within normal limits, and the
ratio was not correlated with Cobb’s angle.

DISCUSSION

Although scoliosis has generally been associated with the
development of restrictive pulmonary disorder resulting in
decreased lung volume as manifested on PFT. The decrease
in lung volume is multifactorial and may reflect different
pathophysiologies depending on the age of the patient at
the onset of scoliosis and the chronicity of the problem. It
is mainly due to restriction which is related to the severity
of scoliosis (Cobb’s angle), the location of the curve, and
the loss of normal thoracic kyphosis.?” Severe degree of
scoliosis affects the size and dimension of thoracic cage, and
hence the pulmonary function.*'3 There is severe reduction
of the lung volume of patients with Cobb’s angle more than
90°, and it is of restrictive type.?*

Differences of opinion exist about relationship of the severity
of'scoliosis and degree of reduction in pulmonary parameters.
Some studies suggest a direct correlation,”*! and some
studies have shown no correlation. %]

Observations in this study showed that idiopathic scoliosis
produces restrictive type of pulmonary defect. Pulmonary
parameters such as TV, VC, FVC, FEV , MMEF, PEFR, and
MVYV were significantly reduced in cases than controls and
inversely correlated with the Cobb’s angle. However, the
mean FEV /FVC ratio at rest in cases was comparable to
controls and is within normal limits, and the ratio was not
correlated with Cobb’s angle.

Table 1: Anthropometric data of scoliosis cases and

controls
Parameters Mean+SD t value P value
Cases Controls
Age (years) 2230+4.62  23.30+2.31 0.52 >0.05
Height (cm) 160.3+4.36  161.41+5.42 0.62 >0.05
Weight (kg) 49.6+533  50.58+6.18 0.12 >0.05
BMI (kg/m?  18.51£2.01  18.28+1.39 0.52 >0.05

SD: Standard deviation, BMI: Body mass index

Breathing pattern is significantly altered in severe scoliosis
at rest, on exertion, and during sleep. The respiratory rate
tends to be higher and the TV lowers than normal. Despite
its absolute value, TV is actually increased relative to the
VC. To accomplish this, patients need an inspiratory effort
that is often more than twice normal, and this is achieved
with a much higher than normal transdiaphragmatic pressure,
requiring increased contribution from the abdominal
expiratory muscles.®!

The compliance of the respiratory system is reduced. In
particular, the reduced chest wall compliance plays an
important role in reducing lung volumes and correlates closely
with the Cobb’s angle and with the decrease in FVC.2"

The mean FVC and FEV, in idiopathic scoliosis patients
were reduced and inversely correlated with the Cobb’s angle.
This may be due to abnormality of ventilatory mechanics.
However, the mean FEV /FVC ratio was within normal limits.
There was no statistically significant difference between
two groups. Many observers have got similar results.[*632]
Hence, the observations of the current study are suggestive
of a restrictive defect in scoliosis, which is mainly due to
alteration in respiratory mechanics due to the scoliosis.

The mean flow rates MMEF was significantly low in
cases than controls. The initial portion of the FEV is effort
dependent. PEFR and MMEF fall in this portion.

MVYV and PEFR were significantly low in cases than controls.
Ting and Lyons?”! got similar result. They showed 50%
reductionin MV'V and attributed this to decreased lung volumes,
fixed thoracic cage, and loss of musculoskeletal power which
are characteristics of scoliosis. Decreased values of PEFR in
the absence of other indications of airway obstruction were
probably evidence of a reduction in ventilatory power intrinsic
in the musculoskeletal thoracic deformity of scoliosis or an
increase in the work of breathing or both.B"

In the present study, there was no difference observed
between scoliosis patients and controls with respect to body
size variables. Hence, the changes observed can be attributed
to the chest deformity in scoliosis patients. It is apparent from
this study that appreciable pulmonary deficits do occur and
deficits may not cause symptoms but are easily detected by
simple spirometry, a technique easily performed in hospitals.

Table 2: Vital data of scoliosis cases and controls

Parameters Mean=SD t value P value
Cases Controls

Pulse rate (beats per min) 76.80+5.32 76.60+5.74 0.14 >0.05

Blood pressure 116.47+10.53 116.27+9.98 0.07 >0.05

Systolic/diastolic (mmHg) 75.07+6.16 77.93+5.64 1.87 >0.05

Respiratory rate (per min) 26.00+2.32 16.43+2.18 7 <0.001

2017 | Vol 7 | Issue 10 National Journal of Physiology, Pharmacy and Pharmacology 1106




Muniyappanavar ef al.

Correlation of Cobb’s angle with PFT

Table 3: Pulmonary function parameters of scoliosis cases

Surg. 1948;7:261-75.

and controls 3. Stokes IA. Three-dimensional terminology of spinal
deformity. A report presented to the scoliosis research
Parameters Mean+SD tvalue P value society by the scoliosis research society working
Cases Controls group on  3-dterminologyofspinaldeformity.  Spine.
Tidal volume (L)~ 0.27£0.06 041008 7.6  <0.001 1994;19(2):236-48. o
Vital capacity (L) 1.45:0.46 2 484036 0.7 <0.001 4. Kud'du§1 G, Deji FL., Yu PN. P.ulmonary function in 1d10path%c
scoliosis: Comparative evaluation before and after orthopaedic
FVC (L) 1.32:+0.44 2.23£0.36 8.7 <0.001 correction. J Bone Joint Surg Am. 1968;50:1391-9.
FEV, (L) 1.16+0.40 1.95+0.35 8 <0.001 5. Shannon DC, Edward JR, Laercio MV, Kazemi H. The
FEV /FVC 0.88+0.07 0.87+0.06 0.6 <0.05 distribution of abnormal lung function in kyphoscoliosis.
MMEF (L/s) 1542063 2.37+0.79 44 <0001 ] i/[ Bf’f;le ngtAsurgCAm- 1972;;1211%'44' .
. uirhea , Conner . e assessment of lung
PEFR (L/s) 2922099 47l4z 56 <0001 function in children with scoliosis. J Bone Joint Surg Br.
MVV (L/min) 54.31+13.62 85.71+£16.42 8 <0.001 198567(5)699-702
SD: Standard deviation, TV: Tidal volume, VC: Vital capacity, 7. Levine DB. Pulmonary function in scoliosis. Orthop Clin
FEV : Forced expiratory volume in first second, FVC: Forced vital North Am. 1979;10(4):761-8.
capacity, MMEF: Maximum mid-expiratory flow rate, PEFR: Peak 8. Upadyay SS, Ho EK, Gunawardene WM, Leong JC, Hsu LC.

expiratory flow rate, MVV: Maximum voluntary ventilation Changes in residual volume relative to vital capacity and total

lung capacity after arthrodesis of the spine in patients who
have adolescent idiopathic scoliosis. J Bone Joint Surg Am.
1993;75:46-52.

9. Cooper DM, Rojas JV, Mellins RB, Keim HA, Mansell AL.

Table 4: Correlation of pulmonary function parameters

with Cobb’s angle

Parameters Correlation coefficient P value Respiratory mechanics in adolescents with idiopathic scoliosis.

TV (L) —-0.42 <0.05 Am Rev Respir Dis. 1984;130(1):16-22.

VC (L) ~0.72 <0.001 10. Weber B, Smith JP, Briscoe WA, Friedman SA, King TK.

FVC (L) 075 <0.001 Pglmongry fu.ncjuon in asymp.tom?mc adolescents with

FEV. (L) 074 0,001 idiopathic scoliosis. Am Rev Re?splr Dis. ‘l 975;1 1 1(4):389-?7.
! : ’ 11. Bohmer D. Pulmonary function, scoliosis and operation.

FEV /FVC 0.03 >0.05 A statistical analysis (author’s transl). Z Orthop Thre Grenzgeb.

MMEF (L/sec) -0.60 <0.001 1973;111(6):822-7.

PEFR (L/sec) 037 <0.05 12. Alotaibi S, Harder J, Spier S. Bronchial obstruction secondary

MVV (L/min) ~0.80 <0.001 to idiopathic scoliosis in a child: A case report. ] Med Case

- - - Rep. 2008;2:171.
TV: Tidal volume, VC: Vital capacity, FEV: Forced 13. Borowitz D, Armstrong D, Cerny F. Relief of central airways

expiratory volume in first second, FVC: Forced vital capacity,
MMEF: Maximum mid-expiratory flow rate, PEFR: Peak expiratory
flow rate, MVV: Maximum voluntary ventilation

obstruction following spinal release in a patient with idiopathic
scoliosis. Pediatr Pulmonol. 2001;31(1):86-8.

14. Bartlett W, Garrido E, Wallis C, Tucker SK, Noordeen H.
Lordoscoliosis and large intrathoracic airway obstruction.
Spine (Phila Pa 1976). 2009;34(1):E59-65.

. Boyer J, Amin N, Taddonio R, Dozor AJ. Evidence of airway

obstruction in children with idiopathic scoliosis. Chest.

1996;109(6):1532-5.

Lenke LG, White DK, Kemp JS, Bridwell KH, Blanke KM,

Engsberg JR, et al. Evaluation of ventilatory efficiency during

exercise in patients with idiopathic scoliosis undergoing spinal

fusion. Spine. 2002;27:2041-5.

. Shneerson JM, Sutton GC, Zorab PA. Causes of death, right

ventricular hypertrophy, and congenital heart disease in

scoliosis. Clin Orthop Relat Res. 1978;135:52-7.

Leech JA, Ernst P, Rogala EJ, Gurr J, Gordon I, Becklake MR.

Cardiorespiratory status in relation to mild deformity in

adolescent idiopathic scoliosis. J Pediatr. 1985;106(1):143-9.

19. Libby DM, Briscoe WA, Boyce B, Smith JP. Acute respiratory

failure in scoliosis or kyphosis. Am J Med. 1982;73:532-8.

McMaster MJ, Glasby MA, Singh H, Cunningham S. Lung

function in congenital kyphosis and kyphoscoliosis. J Spinal

Disord Tech. 2007;20(3):203-8.

Nash CL, Nevins K. A lateral look at pulmonary functions in

scoliosis. J Bone Joint Surg (Am). 1974;56-A(4):440.

22. Ogilvie JW, Schendel MJ. Calculated thoracic volume as

The important point brought out is the apparent dissociation
between subjective symptom and objective evidence of 5
pulmonary deficits in patients of this age with scoliosis. One
limitation of this study is small sample size, a similar study
involving larger sample would yield more accurate results. 16.
There is no conflict of interest to declare in this study.

CONCLUSION 17

Thus, it can be concluded that patients with idiopathic
scoliosis show reduced lung volumes and capacity on PFTand  18.
the pulmonary parameters show a strong inverse correlation

with the severity of the spinal deformity (Cobb’s angle).
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