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Preoperative and Postoperative Pulmonary 
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Study Design: Case series.
Purpose: The objective of this study was to investigate the change in pulmonary function in adult patients with a spinal deformity 
who underwent spinal corrective surgery.
Overview of Literature: Degenerative lumbar and/or thoraco-lumbar deformities are is often prominent in adult spinal deformity 
cases, whereas a thoracic deformity involving the chest wall is inconspicuous. A lumbar spine deformity could affect the pulmonary 
function; however, few reports have investigated pulmonary function in adult patients with a spinal deformity.
Methods: This study included 14 adult patients with a spinal deformity who underwent posterior corrective fusion (3 males, 11 fe-
males; mean age, 67.4 years). We measured percent vital capacity (%VC) and percent forced expiratory volume in 1 second (%FEV1) 
before surgery and six months after surgery. We investigated the change in pulmonary function after corrective surgery and the cor-
relation between radiographic parameters and pulmonary function.
Results: Mean preoperative %VC and %FEV1 values were 99.9% and 79.3%, respectively. Two cases were diagnosed with restric-
tive impairment, and two cases were diagnosed with obstructive impairment before surgery. %VC improved in the restrictive impair-
ment cases six months after surgery. However, %FEV1 did not improve significantly after surgery in the obstructive impairment cases.
Conclusions: Restrictive impairment was improved in adult patients with a spinal deformity by corrective spinal surgery. However, 
spinal surgery did not improve obstructive impairment. 
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Introduction

Curvature of the chest cage is almost a three-dimensional 
distortion in adolescent cases of idiopathic scoliosis. 
Therefore, patients with progressive scoliosis have an in-
creased risk for developing respiratory failure [1-3].

Spinal deformities are becoming increasingly prevalent 
in the elderly population, and decrease quality of life. In 

particular, sagittal imbalance is strongly correlated with 
health related quality score [4-7]. 

The main deformities in these cases are lumbar or 
thoraco-lumbar, whereas a chest wall deformity is rare. 
A deformity of the lumbar spine may affect pulmonary 
function; however, few reports are available about pulmo-
nary function in adult patients with a spinal deformity. 

The purpose of this study was to investigate the change 
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in pulmonary function in adult patients with a spinal de-
formity who underwent spinal corrective surgery.

Materials and Methods

1. Patients 

This study included 14 adult patients with a spinal defor-
mity (3 males, 11 females; mean age, 67.4 years; range, 
45–78 years) who underwent posterior corrective fusion. 
Based on the scoliosis apex, the number of patients at 
each level were: two at L1, seven at L2, four at L3, and one 
at L4. 

2. Surgical procedure

All cases underwent a Ponte osteotomy with a rod rota-
tion maneuver, laminectomy, and posterior interbody fu-
sion using a cage with a L2/3 to L5/S1 autograft to correct 
kyphoscoliosis. The upper fusion level was lower thoracic 
(T8–T10), and the lower fusion level was L5 or S1.

3. Radiography 

A radiographic evaluation was performed according to 
an established positioning protocol for anteroposterior 
and lateral 36-inch standing radiographs. Radiographic 
parameters, including coronal Cobb angle, sagittal verti-
cal axis (SVA), T5–T12 thoracic kyphosis (TK) and T12–
S1 lumbar lordosis (LL) were analyzed before surgery, just 
after surgery, and six months after surgery.

4. Pulmonary function 

Pulmonary function tests were carried out in all patients 
before surgery and six months after the surgery. We mea-
sured percent vital capacity (%VC) and percent forced ex-
piratory volume in 1 second (%FEV1). These two param-

eters are required to diagnose obstructive and restrictive 
impairment. Obstructive impairment was diagnosed, if 
%FEV1 was <70%, and restrictive impairment was diag-
nosed if %VC was <80%. Merged cases were diagnosed as 
mixed impairment.

We investigated the change in pulmonary function be-
fore and after spinal corrective surgery. Furthermore, we 
analyzed the correlation between the radiographic param-
eters and pulmonary function parameters using Pearson 
correlation coefficient analysis and the Wilcoxon signed 
rank test. 

Results

1. Radiography

The coronal Cobb angle improved from 45.5° to 13.4° just 
after surgery (correction rate, 70.5%) and was 12.5° six 
months after surgery. SVA improved from 73.9 mm just 
after surgery to 77.2 mm six months after surgery. TK and 
LL changed from 29.6° and 10.9° to 34.4° and 31.2° just 
after surgery, respectively, and were 32.1° and 31.0° six 
months after surgery (Table 1).

 
2. Pulmonary function

Mean %VC and %FEV1 values were 99.9% and 79.3% 
preoperatively and 95.0% and 77.3% six months after 
surgery. %VC and %FEV1 did not change significantly 
six months after surgery (%VC, p=0.49; %FEV1, p=0.38). 
Two cases were preoperatively diagnosed with restrictive 
impairment. In both cases, %VC improved from 70.8% 
and 77.6% to 79.2% and 88.4%, respectively six months 
after surgery. Two cases were preoperatively diagnosed 
with obstructive impairment. %FEV1 did not improve in 
either case (64.2% and 63.5% to 63.3% and 54.3%, respec-
tively) six months after surgery (Table 2, Figs. 1–3). 

Table 1. Radiographic parameters 

Variable Preoperative Just after operative 6-mo after postoperative

Coronal Cobb angle (°) 45.4 13.4 12.5

Sagittal vertical axis (mm) 92.6 73.9 77.3

Thoracic kyphosis (°) 29.6 34.4 31.0

Lumbar lordosis (°) 10.9 31.2 32.1
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Discussion 

A scoliosis deformity decreases pulmonary function due 

to stiffness of the chest wall and a decrease in respiratory 
muscle force. New pulmonary alveoli are added until 5–8 
years of age [8] and development continues until 20 years 

Table 2. Pulmonary function

Case
%VCa) %FEV1b)

Preoperative Postoperative Preoperative Postoperative

Average   79.3   77.3 99.9 95.0

1   87.1   93.0 91.0 81.0

2   93.8 104.5 87.7 81.8

3 108.0   84.2 87.6 93.2

4 100.5   90.5 82.4 73.5

5   91.8   90.3 75.4 78.6

6 102.0   98.6 81.7 83.6

7   83.9   80.2 71.0 69.6

8   70.8c)   79.2c) 85.3 82.5

9 126.0 103.1 86.2 80.9

10 123.2 109.6 78.0 79.7

11   77.6c)   88.4 85.8 82.3

12 130.1 117.8 64.2d) 63.3d)

13 103.5   96.3 63.5d) 54.3d)

14 100.4   94.3 70.5 77.6

Values are presented as percent.
%VC, percent vital capacity; %FEV1, percent forced expiratory volume in 1 second.
a)p=0.49; b)p=0.38; c)Restrictive impairment (%VC<80%); d)Obstructive impairment (%FEV1<70%).

Fig. 1. Scatter plot of the pulmonary function test results. Two cases of restrictive impairment and two cases of obstructive impairment 
were identified. %VC, percent vital capacity; %FEV1, percent forced expiratory volume in 1 second. 
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of age [9]. Therefore, improved pulmonary function in 
adolescent patients with idiopathic scoliosis is expected 
after surgically correcting the chest cage deformity [10-
13]. 

The main deformity occurs in the lumbar or thoraco-
lumbar area in adults with a spinal deformity. In this 
series, the scoliosis apex level was L1–L4 in all cases and 
most cases, maintained pulmonary function (%VC and 
%FEV1), suggesting that the lumbar and thoraco-lumbar 
curve affects pulmonary function.

%VC improved postoperatively in the two cases of 
restrictive impairment. Decreased mobility of the dia-
phragm and chest wall may have been improved by cor-
recting the lumbar spine deformity. Restrictive impair-
ment can be improved by corrective surgery in adult 
patients with a spinal deformity. Therefore, we should 
consider corrective surgery to improve restrictive impair-
ment if adult patients with a spinal deformity have de-
creased %VC.

%FEV1 did not improve postoperatively in two cases of 
obstructive impairment. Obstructive impairment can oc-
cur in elderly patients due to problems with the respirato-
ry tract. The prevalence of chronic obstructive pulmonary 
disease (COPD) is 10.9% in Japan [14]. If adult patients 
with a spinal deformity have obstructive impairment it is 
necessary to check for lung diseases, such as COPD. 

Some limitations of this study should be mentioned. 
The first limitation is that the sample size was small; thus, 
further studies should have an increased number of cases. 
The second limitation is the timing of the pulmonary 
function evaluation, as more time may be need for pul-
monary function to improve. Therefore, further long-term 
evaluations should be conducted. Furthermore, elderly 
patients may have subclinical respiratory disease, which is 
difficult to distinguish. 

Conclusions

Our results suggest that restrictive impairment can be im-
proved by corrective spinal surgery in adult patients with 
a spinal deformity. However, obstructively impaired adult 
patients with a spinal deformity should be checked for 
lung disease such as COPD.
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