
Clinical Research Report

Correlation between
diaphragmatic sagittal
rotation and pulmonary
dysfunction in patients with
ankylosing spondylitis
accompanied by kyphosis

Chao Liu1, Bing Wu2, Yue Guo1, Kai Song2,
Xiangyu Tang2, Jun Fu2, Xuesong Zhang2,
Guoquan Zheng2 and Yan Wang2

Abstract

Objective: This study was performed to investigate the correlation between pulmonary dys-

function patterns and diaphragmatic sagittal rotation in patients with ankylosing spondylitis

accompanied by kyphosis.

Methods: Thirty patients (27 male, 3 female) with kyphotic deformity secondary to ankylosing

spondylitis underwent pedicle subtraction osteotomy and were retrospectively reviewed. All

patients had undergone preoperative computed tomography with three-dimensional reconstruc-

tion, full-length spine radiographs, and pulmonary function tests. The diaphragmatic angle in the

median sagittal plane (DA), pulmonary function test results, and radiological parameters

were studied.

Results: Correlation coefficients were used to present the correlation between the DA and

pulmonary function and the global kyphosis (GK), respectively. The data analysis presented

positive correlations between the DA value and vital capacity (VC), forced vital capacity

(FVC), expiratory reserve volume (ERV), inspiratory reserve volume (IRV) and peak expiratory

flow (PEF). There was likewise a negative correlation between DA value and the global kyphosis

(GK). Additionally, there were further significantly statistical improvements for DA, ERV, IRV,

FVC, and VC, PEF, postoperatively.
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Conclusions: Except for the restriction of the chest wall motion and the abnormalities of lung

parenchyma, the diaphragmatic sagittal rotation is also an influencing factor of pulmonary dys-

function in patients with ankylosing spondylitis accompanied by kyphosis.
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Introduction

Ankylosing spondylitis (AS) is a common

inflammatory rheumatic disease that pre-

dominantly affects the sacroiliac joints and

spine and causes characteristic spinal defor-

mities such as flattening of the normal

lumbar lordosis, which can lead to structur-

al and functional impairments and a

decreased quality of life.1–4 In severe cases,

the spinal kyphotic deformity results in muscle

fatigue, activity-related pain due to continuous

strain on the spinal muscles during erect stand-

ing, the inability to look straight ahead, intra-

abdominal complications, and impaired

respiratory function.5–8 Restriction of

chest wall motion and abnormalities of the

lung parenchyma are major factors associ-

ated with pulmonary dysfunction.9 Liu

et al.10 demonstrated that the diaphragm

exhibited rotation in the sagittal plane in

patients with AS-related kyphotic deformi-

ty. However, whether such rotation influen-

ces pulmonary function in these patients

has not been investigated.

Materials and methods

Patients

Patients in our department who had

AS-related kyphotic deformity and had

undergone pedicle subtraction osteotomy
were retrospectively reviewed. The inclusion
criteria were as follows: (1) the diagnosis of
AS fulfilled the modified New York criteria;
(2) the types of AS-related kyphosis were
lumbar and thoracolumbar kyphosis;
(3) all patients were nonsmokers, free of
cardiopulmonary disorders, and experi-
enced in performing respiratory maneuvers;
(4) preoperative and postoperative comput-
ed tomography scans included the pubis
and sacrum; and (5) preoperative pulmo-
nary function was evaluated. All patients
provided verbal informed consent for inclu-
sion in the study. This study was approved
by the medical ethics committee of Suzhou
Kowloon Hospital.

Cobb’s angle measurement

Global kyphosis (GK) was measured from
the superior endplate of the T1 vertebra to
the superior endplate of the S1 vertebrae.

Computed tomographic measurement

The diaphragmatic angle (DA) in the
median sagittal plane was measured to
quantify the degree of diaphragmatic rota-
tion in the sagittal plane.10 The DA was
defined as negative when the E-F line was
in front of the P line (Figure 1(a)), and the
DA was defined as positive when the P line
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was in front of the E-F line (Figure 1 (b)).
When the DA was smaller, the degree of
diaphragmatic rotation in the sagittal
plane was more severe.

Pulmonary function test results

All patients in this study underwent pulmo-
nary function tests to evaluate their
preoperative physical condition. An experi-
enced physician’s assistant took each
measurement using a digital spirometer
(Renaissance II; Puritan Bennett, Boulder,
CO) with the patients in the standing posi-
tion. The following pulmonary function
parameters were evaluated: vital capacity
(VC), forced VC (FVC), forced expiratory
volume in 1 s (FEV1), FEV1/FVC, maxi-
mal voluntary ventilation (MVV), expirato-
ry reserve volume (ERV), inspiratory
reserve volume (IRV), and peak expiratory
flow (PEF). All values are presented as the
percentage of the measured value / the pre-
dicted value.

Statistical analysis

The data analyses were performed with
SPSS version 16.0 for Windows (SPSS
Inc., Chicago, IL). Correlation coefficients
were utilized to present the correlations of
the DA with the pulmonary function values
and GK. A p-value of <0.05 was consid-
ered statistically significant in all analyses.

Results

Thirty patients (27 male, 3 female) with an
average age of 38.6 years (range, 26–54
years) who satisfied the aforementioned
inclusion criteria were enrolled in this
study. The data analysis revealed positive
correlations between the DA and VC,
FVC, ERV, IRV, and PEF. No significant
correlation was found between the DA and
the other pulmonary function parameters
(Table 1). These results suggest that

Figure 1. The diaphragmatic angle (DA) was
subtended by the following two lines (Figure (a),
(b)): (1) the P line perpendicular to the A-B line
between the xiphoid process and the anteroinferior
edge of T12; (2) the E-F line between the midpoints
of the following two lines: (1) the midpoints E of
the A-B line between the xiphoid process and the
anteroinferior edge of T12 and (2) the midpoints F
of the C-D line between the superior edge of the
pubis and the anterosuperior corner of the sacrum.
The DA was used to quantify the degree of
diaphragmatic rotation in the sagittal plane. The DA
was defined as positive when the P line was in front
of the E-F line (Figure 1(b)) and was defined as
negative when the E-F line was in front of the P line
(Figure 1(a)). Figure 1(a) shows that the patient’s
preoperative DA was �23� on the computed
tomography scan. Figure 1(b) shows that the
patient’s postoperative DA was 17� on the
computed tomography scan.
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diaphragmatic rotation in the sagittal plane

of patients with AS can reduce the VC and

FVC by reducing the IRV and ERV, and

these parameters would theoretically be

improved by correction surgery. Data anal-

ysis demonstrated a negative correlation

between the DA and GK (Table 1). This

result indicates that the degree of diaphrag-

matic rotation in the sagittal plane becomes

more severe as the GK increases.

Discussion

Pulmonary dysfunction is prevalent in

patients with AS-related kyphotic deformi-

ty. The most prevalent pattern of pulmo-

nary dysfunction is restrictive ventilatory

impairment. Costovertebral and sternoclavic-

ular joint involvement result in chest wall

restriction, and lung parenchymal abnormal-

ities cause the pulmonary dysfunction that

develops in patients with AS.11–14 Because

chest expansion is limited in patients with

AS, ventilation becomes more dependent on

the diaphragm, and respiration becomes com-

pensated by the diaphragm, especially during

hyperventilation.15–17 During ventilation, the

diaphragm acts mainly as a flow generator.18

However, none of the patients in previous
studies had kyphotic deformity, and dia-
phragmatic rotation in the sagittal plane
was not observed in those patients.
However, all patients with AS-associated
kyphotic deformity exhibit diaphragmatic
rotation in the sagittal plane.10 Therefore,
the present study was performed to
investigate whether diaphragmatic sagittal
rotation influences pulmonary function
in patients with AS-related kyphot-
ic deformity.

In this study, all patients exhibited com-
plete fusion of the costovertebral and ster-
noclavicular joints and limited rib cage
motion. The maximal anterior attachment
point of the diaphragm is the xiphoid pro-
cess, and the maximal posterior attachment
point is the T12 vertebra. The xiphoid pro-
cess is approximately in the same coronal
plane as the T9 vertebra. Diaphragmatic
rotation leads to a change in the orientation
of the diaphragm (Figure 1(a)). The dia-
phragmatic attachment point is irregular;
therefore, to show the moving orientation
in the sagittal plane, the A-B line between
the xiphoid process and the anteroinferior
edge of T12 was adopted to represent the
diaphragmatic plane in the median sagittal
plane (A-B line in Figure 1(a), (b)). The DA
was assessed to quantify the degree of dia-
phragmatic rotation in the sagittal plane.10

In Figure 1(a) and (b), the P line perpendic-
ular to the A-B line between the xiphoid
process and the anteroinferior edge of T12
was the orientation of the diaphragm in the
sagittal plane.10 The DA was the angle
between the P line and the E-F line in
Figure 1(a) and (b). The E-F line is the
line between the midpoints of the following
two lines: 1) the midpoint E of the A-B line
between the xiphoid process and the ante-
roinferior edge of T12 and 2) the midpoint
F of the C-D line between the superior edge
of the pubis and the anterosuperior corner
of the sacrum. Because the xiphoid process

Table 1. Pearson coefficient analysis results

Parameters r p

DA and ERV 0.3893 0.033*

DA and IRV 0.6184 0.000**

DA and PEF 0.4966 0.005**

DA and FVC 0.3633 0.048

DA and FEV1 0.0387 0.839

DA and FEV1/FVC 0.1064 0.576

DA and MVV 0.1249 0.511

DA and VC 0.3732 0.042

DA and GK �0.5337 0.002**

DA, diaphragmatic angle in the median sagittal plane; ERV,

expiratory reserve volume; IRV, inspiratory reserve

volume; PEF, peak expiratory flow; FVC, forced vital

capacity; FEV1, forced expiratory volume in 1 s; FEV1/

FVC: forced expiratory volume in 1 s/forced vital capacity;

MVV, maximal voluntary ventilation; VC, vital capacity;

GK, global kyphosis. *p< 0.05, **p< 0.01
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is approximately in the same coronal plane
as the T9 vertebra, the E-F line is in front of
the P line in normal people. The DA is thus
positive in normal people.10 In patients with
AS-associated kyphotic deformity (Figure 1
(a)), the kyphotic deformity causes the P
line to be located behind the E-F line
before surgery. The preoperative DA was
negative in patients with kyphotic deformi-
ty.10 Liu et al.10 noted that the diaphragm
was more severely rotated in patients with
greater GK. A positive correlation was
found between the DA and IRV. The cor-
relation showed that the IRV was reduced
because of diaphragmatic rotation in the
sagittal plane. The IRV is the extra
volume of air that can be inspired with
maximal effort at the end of a normal inspi-
ration. During the inspiration process, the
diaphragm pushes the viscus downward,
thus expending the anterior abdominal
wall, increasing the thoracic volume, and
pumping air into the lung. Because of the
diaphragmatic rotation in the sagittal
plane, the diaphragmatic orientation is
more backward in patients with than with-
out AS-associated kyphotic deformity, and
the diaphragm pushes the viscus further
backward. Additionally, relative to the
anterior abdominal wall, the posterior
abdominal wall cannot be stretched. The
posterior abdominal wall cannot compen-
sate for the decreased abdominal volume,
especially during hyperventilation, and the
range of diaphragmatic motion is decreased
due to diaphragmatic rotation in the sagit-
tal plane in patients with AS-related
kyphotic deformity. In the present study,
the IRV was reduced due to the change in
the diaphragmatic motion orientation
resulting from diaphragmatic rotation in
the sagittal plane in patients with AS-
associated kyphotic deformity.

The ERV is the extra volume of air that
can be exhaled with maximal effort at the
end of a normal expiration. During the expi-
ration process, contraction of the anterior

abdominal wall muscle reduces the abdomi-
nal volume, squeezing the viscus, which
pushes the diaphragm upward and com-
presses the lungs, pushing the air out. In
patients with AS-related kyphotic deformity,
however, the change in the diaphragmatic
motion orientation and the shortened ante-
rior abdominal wall reduces the effects of the
anterior abdominal wall and diaphragm
during the expiration process. The present
study showed a positive correlation between
the DA and the ERV and PEF. The positive
correlations suggested that the ERV and
PEF decrease with diaphragmatic rotation
in the sagittal plane.

The VC comprises the TV, ERV, and
IRV. Therefore, diaphragmatic rotation in
the sagittal plane reduces the VC and FVC
by reducing the ERV and IRV. This study
showed positive correlations of the DA with
the FVC and VC.

Spinal osteotomy is the only way to
restore the sagittal balance in patients
with AS by improving GK, lumbar lordo-
sis, and thoracolumbar kyphosis. In most
patients with AS, pedicle subtraction
osteotomy is performed at the lumbar ver-
tebrae, and neither thoracic kyphosis
nor the thoracic cage is significantly
changed.7,19 Because the DA needs to be
improved as the GK is improved, the pul-
monary function in patients with AS-
associated kyphosis is also theoretically
improved. Fu et al.20 demonstrated that
the postoperative pulmonary function in
patients with AS-associated kyphosis was
significantly improved at the 2-year
follow-up. In our pilot study, we also
found statistically significant improvements
in the DA, ERV, IRV, FVC, VC, and PEF
postoperatively. Hence, rotation of the dia-
phragm in the sagittal plane reduced the VC
and FVC by reducing the ERV and IRV,
and corrective surgery could improve
pulmonary function in patients with AS-
associated kyphosis by reducing the rota-
tion of the diaphragm in the sagittal plane.
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In summary, in addition to restriction of
chest wall motion and abnormalities of the
lung parenchyma, diaphragmatic sagittal
rotation is an influential factor of pulmo-
nary dysfunction in patients with AS-
related kyphosis.
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