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Abstract

Background: As one of the restrictive lung diseases, scoliosis can be treated by surgical intervention to enhance
the pulmonary function of that group of patients. The purpose of the study was to determine the effects of
scoliosis correction on pulmonary function after a 6-month duration. Around 30 patients with scoliosis were aged
between 10 and 40 years old subjecting to posterior spinal fusion surgery who had been enrolled in the study; all
of them were subjected to Cobb’s angle measuring and pulmonary function test before and 6 months after the
operation.

Results: Cobb’s angle before the operation was 57.3 ± 13.6°, which significantly corrected and reached up to 21.2
± 7.2° postoperatively with a mean difference of about 36.13°, P < 0.001. The correlation of Cobb’s angle, forced
vital capacity (FVC%), and vital capacity (VC%) was significantly negative. Pulmonary function showed restrictive
pattern; forced vital capacity “FVC”, forced expiratory volume 1 “FEV1”, vital capacity “VC”, and forced expiratory flow
“FEF 25–75%” were 62.4± 18.06, 65.6±20, 60.7±17.8, and 79.6±28.5, respectively; after 6 months, the reading
changed to 60.9± 17.9, 64.04±19.3, 59.16±17.5, and 80.26±28.02 respectively with an insignificant difference, P>0.05.

Conclusion: The pulmonary function showed insignificant changes after 6 months of operation, despite significant
changes in Cobb’s angle while the preoperative FVC and VC were inversely correlated with it.
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Background
Scoliosis is one of the common spine abnormalities. It is
considered to be a lateral displacement of the spine and
rotation of vertebral bodies. The classification of scoli-
osis depends on the site of spine affection, either thor-
acic, lumber, or both [1].
The severity of scoliosis is calculated by measuring

“Cobb angle” which is the curvature angle of the spine,
hence, increasing the angle by more than 50° denoting
significant deformity that needs intervention and correc-
tion [2].
Thoracic spine affection either alone or in combin-

ation with lumber site has a direct impact on the re-
spiratory and cardiovascular system; hence, the
movement of thoracic cavity was limited by the

impediment of rib movements, which finally obscure
chest wall compliance making the breathing much
harder even with normal lung structure [1].
The function of intercostal muscles was limited due to

overstretching or inability to stretch during breathing by
distortion of the thoracic cage, thus leading to an in-
crease in the work of breathing while the lung is healthy
[3, 4]. Early scoliosis surgery can be useful for restoring
respiratory function and avoiding curvature magnifica-
tion of scoliosis [5]. The aim of the work is to determine
scoliosis correction operation’s impact on pulmonary
functions.

Methods
Prognostic cohort study was conducted on 30 patients
aged between 10 and 40 years with idiopathic scoliosis;
the patients were admitted to Nasser Institute for Re-
search and Treatment Hospital from November 2018
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until December 2019. After meeting the study’s inclu-
sion and exclusion criteria, informed written consent
was obtained from the recruited subjects. The study was
accepted by the Ethical Committee of the Faculty of
Medicine.
The exclusion criteria include smoking, patients with as-

sociated comorbidity that affects the lung function, and any
contraindication or comorbidity interfering with perform-
ing spirometry, e.g., unexplained hemoptysis, pneumo-
thorax, recent myocardial infarction, thoracic, abdominal or
cerebral aneurysms, recent eye surgery, recent abdominal
or thoracic operations, in addition to other types of scoli-
osis, e.g., congenital and neuromuscular.
All patients underwent to complete spirometry assess-

ment using the spirometry system (Masterscreen 2001,
version 4.5, Erich Jaeger GMBH, Germany). The tests
were done before and 20 min after administration of β2-
agonist inhaled (400 μg salbutamol), via a metered-dose
inhaler. According to American Thoracic Society/Euro-
pean Respiratory Society protocols, the spirometry
values were interpreted in all participants [6, 7]. Forced
expiratory volume at 1st second “FEV1%”, forced vital
capacity “FVC%”, “FEV1/FVC%”, and peak expiratory
flow “PEF” 25–75% are measured before surgery and 6
months later.

Surgical intervention
Patients placed on a surgical table under general
anesthesia in a prone position. Posterior spinal fusion
surgery was done through a midline incision, and then
dissection of paravertebral muscle was done to expose
the abnormal spine with bilateral implantation of a ped-
icle screw.

Statistical methods
The statistical analysis was conducted using Minitab
17.1.0.0, windows (Minitab Inc., 2013, Pennsylvania,
USA). Continuous data are presented as mean and
standard deviation “SD”. Categorical data are presented
as number and percentage. The comparison between the
two means before and after the intervention was done
by paired t-test. The linear relationship between two or
more numerical variables was estimated using the Pear-
son correlation coefficient. All tests were two-tailed, with
P considered significant if < 0.05.

Results
Patients had a mean age of 14 years, with a range from
11 to 18 years. Most of them were females (70%), with
mean weight and height of about 44.7 kg and 152.6 cm
respectively (Table 1).
The Cobb angle before the operation was 57.3 ± 13.6°,

which significantly correlated with VC and FVC% before
the operation in a negative way (Figs. 1 and 2); thus, the

angle significantly corrected after the operation to be
measured about 21.2 ± 7.2° with a mean difference about
36.13°, P < 0.001 (Table 2 and Fig. 3).
The pulmonary function of patients before the oper-

ation showed a restrictive pattern; FVC, FEV1, VC, and
FEF 25–75% were 62.4± 18.06, 65.6±20, 60.7±17.8, and
79.6±28.5 respectively, which showed insignificant
changes after 6 months of operation (60.9± 17.9, 64.04±
19.3, 59.16±17.5, and 80.26±28.02 respectively, with P =
0.15, 0.13, 0.1, and 0.53 respectively) (Table 2).

Discussion
The current study was designed to assess the impact of
corrective scoliosis surgery on pulmonary function.
Therefore, a prognostic cohort study was conducted on
30 patients admitted to the hospital from November
2018 to December 2019 with idiopathic scoliosis. The
pulmonary function was evaluated before the surgery
and 6 months later. The present study focuses on the
pulmonary function of that group of cases, as the results
showed a restrictive pattern in reading. The impact of
posterior spinal fusion correction surgery was summa-
rized; hence, the Cobb angle was significantly corrected
and reached 21.2 ± 7.2° postoperatively with mean dif-
ference of about 36.13°, P < 0.001. Even though the pul-
monary function showed an insignificant statistical
difference after 6 months of follow-up, that came in con-
sistent with previous studies that reported decreasing in
pulmonary function values within 3 months after the op-
eration, but in long-term follow-up, the patients showed
significant recovery [8, 9].
A further analysis by Kim et al. did not find any im-

provement in absolute FVC and FEV1 values after pos-
terior vertebral arthrodesis and costoplasty but showed
differences in percentages of estimated values at 2-year
follow-up [10].
In the same line, Shi et al., in their study which in-

cluded 60 patients with thoracic scoliosis (24 males, 36
females), assessed the pulmonary function after thoraco-
plasty and posterior correction for patients with thoracic
scoliosis from June 2001 to June 2010. Their mean age

Table 1 Characters of patients

Mean ± SD

Age 14.07±2.08

Height 152.63±9.96

Weight 44.77±10.25

BMI 18.38±2.71

Vertebrae 11.70±1.92

Sex N %

Male 9 30

Female 21 70

N number, SD standard deviation, BMI body mass index
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Fig. 2 Correlation between Cobb’s angle and FVC before operation. Pearson correlation coefficient, the sign before “r” denotes the direction of
relation, P < 0.05 considered significant

Fig. 1 Correlation between Cobb’s angle and VC before operation. Pearson correlation coefficient, the sign before “r” denotes the direction of
relation, P < 0.05 considered significant
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was 17.6 (±5.0) years. All the patients underwent 3-
dimensional posterior surgery and thoracoplasty. Pul-
monary function was investigated preoperatively, 3
months, and 24 months after surgery. The results
showed that the parameters of pulmonary function 2
years after surgery were slightly higher than those of
preoperative pulmonary function, but the difference was
not significant (P > 0.05). This result indicated that the
level of pulmonary function had returned to its level be-
fore surgery [2].
A different outcome recorded in a previous study

evaluating pulmonary function before and after anterior
spinal surgery in adult idiopathic scoliosis included 14
patients, most of whom were female, with a mean age of
approximately 26 years (12/14). The mean (±SD) Cobb
angle of the thoracic curve was 59° (range 30–119°) for
all patients undergoing thoracotomy with anterior or
posterior arthrodesis, which showed a significant de-
crease after the operation to 39° (range 23–88°), with a
correction rate of about 31%, P < 0.05. In addition, the
FVC decreased substantially from 3.34 (0.80) to 3.13
(0.68), P < 0.05, whereas the FEV1 showed insignificant
changes [9].

Wong et al. concluded that the minor decrease in FVC
is clinically undetectable especially in patients with ap-
propriate lung function [11]. In addition, Kumano and
Tsuyama found a decrease in vital capacity in two pa-
tients after anterior surgery and no change in the other
two [12].
Another study identified 33 cases that underwent anterior

and posterior fusion and no significant differences were ob-
served in vital capacity after long-term follow-up [13].
A different study reported the impact of thoracoplasty

on pulmonary function in adolescent idiopathic scoliosis
cases; it included 18 patients who were subjected to pos-
terior spinal fusion and costoplasty [14].
Another study, Sánchez-Márquez et al. evaluate the

pulmonary function by forced vital capacity (FVC) and
forced expiratory volume in 1st second (FEV1) prior to
and 1 and 2 years after surgery. The average preopera-
tive absolute FVC was 77.15% while FEV1 was 79.46%.
One year post-surgery, mean FVC and FEV1 values were
79.8% and 85.2% respectively, while the mean FVC and
FEV1 values were 81.8% and 89.15%, respectively, 2
years post-surgery, and it was concluded that the pul-
monary function of patients with scoliosis had a progres-
sive improvement of FVC and FEV1 at 1 and 2 years
after surgery.
Respiratory complications of scoliosis are directly re-

lated to the severity of the spinal curvature and the asso-
ciated respiratory muscle weakness. For patients who
have mild-to-moderate scoliosis, their lungs are normal,
so specific respiratory therapy is not necessary. The goal
is to prevent or at least postpone the spinal curvature
progression until a definitive correction can be made [1].
The present study reported a significant negative

correlation between FVC% and VC% and Cobb angle, as
when Cobb angle increases, FVC% and VC% decrease.
Information on whether or not these postoperative
pulmonary problems are directly correlated with pre-
operative pulmonary function tests or spinal curve mag-
nitudes was inconsistent [15].
The current results came in consistent with Rekha and

Rao whose study included 33 patients with adolescent
idiopathic scoliosis and Cobb’s angle more than 40°.
Spirometry was done preoperative for all patients. To
evaluate pulmonary function, percentage predictions of
total lung capacity, forced vital capacity, and forced
expiratory volume in 1st second were studied. These
variations were compared against Cobb’s angle, hypoky-
phosis, number of involved vertebrae, and coronal im-
balance. The findings indicate that only a significant
correlation with decreased lung function is found in the
number of involved vertebrae [16].
In the same line, a clinical study with a multicenter

database consisting of 858 patients was done by Johnston
et al. They found that if Cobb’s angle was more than 80°

Fig. 3 Pulmonary function test and Cobb’s angle changes before
and after surgery

Table 2 Pulmonary function test and Cobb’s angle before and
after surgery

Factors Before After Difference P

Mean ± SD Mean ± SD Mean ± SD

FVC% 62.40±18.06 60.91±17.98 1.49±5.55 0.15

VC% 60.70±17.81 59.17±17.52 1.53±5.04 0.11

FEV1% 65.67±20.00 64.04±19.39 1.63±5.75 0.13

FEF 25–75% 79.67±28.49 80.27±28.03 -0.60±5.25 0.54

Cobb’s angle 57.33±13.63 21.20±7.23 36.13±8.30 <0.001*

FVC% forced vital capacity, VC% vital capacity, FEV1 forced expiratory volume
at first second, FEF forced expiratory flow
*Denote significance
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in the thoracic curves or if thoracic kyphosis was less than
10°, pulmonary function decreases. Unlike a study evaluat-
ing PFT in 38 thoracic and thoracolumbar scoliosis pa-
tients. The author therefore attempted to correlate
pulmonary function with the degree of coronal plane de-
formity and apical vertebra site and could not find any sig-
nificant correlation between Cobb’s angle and pulmonary
function, but found that FVC was higher in patients with
lumbar scoliosis than thoracic one [17].

Conclusion
In the end, we can conclude that after 6 months of pos-
terior spinal fusion correction surgery for scoliotic pa-
tients, the pulmonary function showed insignificant
changes, despite significant changes in Cobb’s angle
while the preoperative FVC and VC were inversely cor-
related with it.
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