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ABSTRACT 
Background: In this study we evaluated lung volumes, volume changes relative to Cobb angle and correlation of volume 

changes with Cobb angle changes before and after the surgery. 

Materials and Methods: Eighteen non-smoker patients with idiopathic scoliosis were included in this descriptive 

observational study.   Cobb angle, lung volume and flow were measured before and after the surgery. To assess height and 

weight changes during the follow-up period, we used the percent relative to normal (percent predicted) instead of absolute 

volumes. 

Results: Eighteen of 30 selected patients were included. The mean follow-up period was 34.5±19.6 months. Dynamic 

volume changes of lung were: VC= -13.4 SD=8.6 (p<0.005); FVC=-9.22 SD=14 (p<0.001); FEV1=9.8 SD=15 (p<0.001). 

There was a weak correlation between the mean value of dynamic volume changes and the mean changes in Cobb angle 

after the surgery. There was a weak correlation between Cobb angle and dynamic volume of lung before the surgery. 

Conclusion: In this study there was a significant decrement of dynamic lung volumes after corrective surgery for thoracic 

curve scoliosis. (Tanaffos 2008; 7(4): 27-31) 
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INTRODUCTION 

Patients with a scoliosis angle of above 65° are 
predisposed to respiratory complications and failure 
(1-4). Surgery is recommended in patients with 
severe lung restriction and in adolescents with a 
progressive scoliosis angle of above 45o (1,5-7). 
Surgical correction of scoliosis has shown different 
results (5-13) on lung volume.  
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Lung volumes increase after birth up to the age of 

25- 30 years old.  Increase in lung volumes up to age 
8 is mostly related to the increased number of alveoli. 
Thereafter is related to the increase in the alveolar 
size. Diseases that affect the thoracic cage may result 
in a decrease in lung volumes. Kyphoscoliosis causes 
chest wall deformity along with atelectasis of some 
parts of the lung and abnormal motions of the 
thoracic cage. These changes may affect normal 
growth of the lungs. 

The effect of surgical correction on the pulmonary 
function of patients with adolescent idiopathic 
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scoliosis is controversial. The related scientific 
literature has shown improvement, decline, or no 
change in the pulmonary function after surgical 
correction of idiopathic scoliosis(1,9,13-22). 

Theoretically, lung volumes decrease after 
thoracic surgery for scoliosis with classic anterior 
and posterior spinal fusion initially due to the surgery 
itself. Nevertheless, an increase in lung volume in the 
long-term has been reported (1,5,14,19). 

A decrease in lung volumes has been reported in 
the first 2 years after correction, especially in the first 
3 months (5,7,9,11-13). A review of the existing 
literature also demonstrates that some studies have 
reported an increase in lung volumes (13-19). Other 
studies have shown no changes or decreases in lung 
volumes (20-22). Surgical methods affect the results, 
and today there is overwhelming evidence in favor of 
it (5,9,10,11,13-17). Anterior spinal fusion (ASF), 
especially with thoracoplasty, leads to a significant 
decrease in lung volumes (10, 16, 18). Posterior 
spinal fusion (PSF) and thoracoscopic methods are 
less invasive and conserve lung volumes better (13-
15). An improvement in the volume may be minimal 
despite a good correction of Cobb angle, and some 
changes may be irreversible (8,12). 

The present study was designed to evaluate the 
long-term effect of scoliosis corrective surgery on 
lung volumes and flows.  

 
MATERIALS AND METHODS 

This descriptive observational study evaluated 
patients who had undergone successful surgery for 
scoliosis between 1992 and 2002. They had Cobb 
angle and pulmonary function test (PFT) 
measurements before the surgery and also underwent 
surgery at least 6 months prior to the commencement 
of this study with no significant intrathoracic 
complications like hemothorax or atelectasis. New 

chest x-ray and PFT were obtained. Cobb angle was 
measured based on Cobb method on the coronal axis 
in upright position. Volumes were measured by 
CHESTAC Spirometer (Japan). Arm span was used 
instead of height and measured in upright position 
with upper extremities extended at the axis of the 
shoulder. All myopathic and traumatic scoliosis cases 
were excluded. 

All PFTs met the "American Thoracic Society" 
(ATS) standards for operator and instruments. Since 
most patients were in the growing ages, percent-
predicted values were applied for comparison and 
analysis, instead of absolute values. Analyses were 
carried out with SPSS software Ver. 11.5 and 
compared with a paired t-test analysis.  The 
correlation between the volumes and Cobb angle was 
obtained via a linear regression method.  

Thirty patients were selected. Twenty-one patients 
were recruited successfully, and 18 patients did 
acceptable pulmonary function tests based on the 
ATS criteria. All dynamic volumes including forced 
vital capacity (FVC), slow vital capacity (SVC), 
forced expiratory volume in the first second (FEV1), 
forced expiratory flows (FEF25, FEF75 and FEF25-
75), and percent of FEV1/ FVC were also measured 
and evaluated.  

  
RESULTS 

Demographic findings of these 18 patients were 
obtained. All patients had idiopathic scoliosis. 
Twelve patients were females and 6 were males. The 
mean age was 17.60±6.30 yrs (range 8 to 34 years) at 
the time of operation. Anterior spinal fusion (ASF) 
and posterior spinal fusion (PSF) were performed in 
16 cases, and 2 cases had posterior spinal fusion 
alone. In 2 patients, ASF and PSF with humpectomy 
were carried out. The mean arm-span value at the 
time of operation was 152.53±16.41 cm (172cm 



Sadeghi HA, et al.   29 

Tanaffos 2008; 7(4): 27-31 

upper and 103 cm lower). The mean Cobb angle 
value was 82.22±19.34 (range 50-125) before the 
operation. The mean Cobb angle changes was 
24.55±16.09 (range 3- 64). The mean post-op Cobb 
was 58.44±19.82. The mean follow-up period was 
34.5±19.69 months. Table 1 depicts the details of 
lung volumes and percent-predicted values and its 
related P-value. 

Comparison of lung volumes and percent 
predicted values for FEV1, FVC, SVC, and peak 
expiratory flow rate (PEFR), forced expiratory flows 
(FEF25, FEF75 and FEF25-75) and percent of FEV1/ 
FVC have been demonstrated in figure 1-3.  
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Lung volumes (liters) in 18 patients with idiopathic scoliosis 

before and 3 years after anterior and posterior spinal fusions. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Mean pre-op and post-op values (percent predicted) of slow 
vital capacity (SVC), forced vital capacity (FVC) and forced expiratory 
volumes in the first second (FEV1) in 18 patients with idiopathic 
scoliosis. 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Mean pre-op and post-op values of forced expiratory flow at 

25, 50 and 75 percent of vital capacity, FEF25-75 and peak expiratory 

flows in 18 patients with idiopathic scoliosis.  

 
Table1. Pulmonary function tests, total value and percent predicted in 

18 patients with Kyphoscoliosis and related p-value.  
 

 Value Percent Value Percent 
P-value 

(liter) 

P-value 

(%) 

FEV1 1.87 73.55 1.83 63.79 NS* 0.001 

FVC 1.92 66.26 1.95 57.06 NS 0.001 

SVC 2.19 73.87 2.06 59.93 NS 0.005 

FEF25 1.83 90.82 2.02 106.18 NS NS 

FEF50 3.58 91.93 3.70 89.89 NS NS 

FEF75 4.69 79.94 4.96 79.62 NS NS 

FEF25-75 3.24 95.17 3.56 91.66 NS NS 

FEV1/FVC - 97.55 - 94.45 0.07 NS 

PEFR  5.08 80.98 5.28 77.37 NS NS 
 
*NS: Non-Significant 

 

DISCUSSION 
Most patients in the present study were under 20 

years of age; however, despite the insignificant 
changes in the absolute values, the percent-predicted 
values declined. In other words, the patients had lung 
values below the predicted level. 

Our study showed no significant changes in long 
volume after surgery but percent-predicted value 
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decreased. As seen in Table 1, 9.76% (p<0.001) 
decrease in FEV1, 9.2% in FVC (p<0.001) and 
13.94% in SVC (P<0.005) was evident. 

Gazioglu et al. showed a 17% increase in the 
absolute lung value (19), whereas Gagnon et al. (1) 
reported 10% and 12 % increases, respectively. The 
Pehrsson's (5) study also demonstrated an 
improvement in the lung function 25 years after post-
spinal fusion. There are; however, opposite results 
reported in the literature. For instance, Makley and 
Gucker studies showed no changes in the lung 
volume (21, 22). Westate showed a 10% decrease in 
the lung volume. They estimated their patients’ 
height based on the scoliosis angle (20).  

We hypothesize the followings for these opposite 
result: 
Firstly and foremost, it is the study design that may 
influence the results; difference in the method of 
height estimation, difference in the age distribution 
of patients, consideration of absolute or percent- 
predicted values, and difference in the techniques of 
measurements and calculation of predicted values 
can all affect the final results significantly. As shown 
in Table 1, if we consider absolute values of patients, 
then all values increase significantly. But, since most 
patients were in the growing age and there was no 
control group, this increase in value, is not 
compatible with surgical effect alone.    

Secondly, the type of surgery is a very important 
factor. Spinal fusion with posterior approach and use 
of thoracoscopic methods for anterior spinal fusion 
confer better results. Most of our patients had 
anterior spinal fusion (ASF) plus posterior spinal 
fusion (PSF) with one thoracoplasty. Recently, 
Vedantam (10) linked the differences in the 
pulmonary function after spinal fusion surgery to 
different types of surgical approaches; patients 
without rib cage disruption had a remarkably greater 
improvement in their lung function 2 years after 
surgery than the ones in whom the rib cage was 

disrupted.  
Timing of the operation may also affect the final 

results. If surgery is done at an earlier age, it may 
confer more conservation of the lung volumes. We 
tried to categorize patients based on age and Cobb 
angle correction value. There was no significant 
difference based on age and delta scoliosis angle.  

In this study, the correlations between Cobb angle 
and FEV1 and VC as well as other variables were 
insignificant both for pre-op and post-op values (r = -
0.233). We could not predict the lung volumes 
correctly based on Cobb angle on the coronal plane.  

In this study, forced expiratory flows at 75% of 
thoracic volume (FEF75%) and PEFR decreased and 
FEF25%, FEF 50%, and mid-flows (FEF25-75%) 
increased after the operation (Table 1). Despite 
diverse changes in lung flows at high and low 
thoracic volume none of the changes were 
statistically significant and there was no correlation 
with scoliosis angle improvement. 

In conclusion, lung volumes including FVC, SVC 
and FEV1 decreased about 9-13% (P<0.001) 2 years 
after ASF and rib resection. Therefore, scoliosis 
surgery does not confer a better conservation of lung 
volumes despite a significant improvement in Cobb 
angle.  Less invasive procedures with PSF and 
thoracoscopic approaches may yield better results. 

The correlations between Cobb angle and lung 
volumes were weak before and after operation. We 
cannot precisely predict lung volumes based on Cobb 
angle in idiopathic scoliosis.  
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