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Abstract: In literature, the development of spinal deformities was reported after surgical intervention for
congenital heart disease using thoracotomy and sternotomy incisions in children; however, there are not enough
data regarding the incidence of spinal kyphosis after open-heart surgery in adults. This study aimed to determine the
impact of open-heart surgery using median sternotomy incision on the sagittal plane thoracic spine curve and
pulmonary functions after open-heart surgery. A cross- sectional study was conducted on 100 participants (53 +
9.43 years), who underwent open heart surgery using median sternotomy. The spinal kyphotic curve was evaluated
using a Flexicurve ruler and spirometry parameters [forced vital capacity (FVC), forced expiratory volume in the
first second (FEV) and ratio of forced expiratory volume in the first second to forced vital capacity (FEV/FVC)]
were evaluated before and one week after open-heart surgery. The comparison between the preoperative and
postoperative measurements of the variables under study was performed using the paired t-test. Statistical
significance was set at (P < 0.05). The results revealed a significant increase in the dorsal kyphotic curve (9.75 +
2.32) and a significant decrease in all spirometry parameters under study [(FVC: 2.12 £+ .77); (FEV:1.55 + .64) and
(FEV/FVC: 0.72 + .13)] with an alpha level of (P < 0.05). There is a high incidence of exaggerating the sagittal
plane thoracic spine curvature (thoracic kyphosis), and reduction in the pulmonary functions after open-heart
surgery using median sternotomy incision.
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1. Introduction

Open-heart surgery has many postoperative
complications, such as pulmonary, neurologic, vascular,
musculoskeletal, and psychiatric [1-3]. Cardiac surgery
is a challenge for the patients and the whole cardiac
surgery team before and after the operation the same as
during the surgery [4]. Heart-surgery procedures
usually require median sternotomy, which is
functionally better tolerated than lateral thoracotomy,
since it preserves the pleural space, minimal
interruption to the chest wall, less trauma, and
negligible lung compression make the sternotomy a
relatively benign procedure [5, 6]. During the median
sternotomy the chest wall is disrupted and a gap
between the two margins of the sternum is generated
[7]. A study was conducted to determine the incidence
of spinal deformity in patients after thoracotomy and
sternotomy for congenital heart disease in children, it
was concluded that spinal deformities, including
scoliosis and/or hyperkyphosis, were found in 38% of
the younger age patients [1].

Median sternotomy has a negative effect on thoracic
spin stability [8]. Also, the wound pain after median
sternotomy decreases the pulmonary function, and
impaired lung mechanics [9]. Physical and social
problems of spinal kyphosis, including a decrease in
height, a protruded abdomen, back pain, digestive
problems, impairment of respiratory function,
decreased mobility, poor self-image, and loss of
independence leading to a decreased quality of activity
of daily living [10]. Fatigability occurs easily in an
individual with kyphosis and he has considerable
difficulty with activities requiring an upright posture or
exercise tolerance, such as walking, climbing stairs,
housework, and reaching overhead [11]. To measure
spinal kyphosis, investigators have begun using
specialized equipment such as the Flexicurve ruler,
DeBrunner’s kyphometer, roentgenographs, and
inclinometer [12-14]. Since kyphosis is a risk factor for
loss of function, it is beneficial to have a technique for
measuring kyphosis that can be applied in clinical

practice [11]. A study was conducted to assess the test—
retest reliability of the measurement of thoracic
kyphosis using the flexicurve ruler in individuals with
osteoporosis, it was concluded that the use of the
flexicurve ruler for measuring kyphosis in elderly with
osteoporosis was valid and reliable and that the
measurement of thoracic kyphosis using the flexicurve
may be useful in examining the degree of kyphosis [15].
Based on the above information, we hypothesized
that open heart surgery using a median sternotomy
incision is associated with developing thoracic
kyphosis deformity that reduces the pulmonary
functions consequently. This study aims to investigate
the impact of open-heart surgery using median
sternotomy in developing thoracic kyphosis and to
investigate the association between kyphosis and the
reduction of pulmonary functions after surgery.

2. Materials and Methods

2.1. Study Design
Cross-sectional study design.

2.2. Sample Size Calculation

A priori sample size calculation was performed
using G*Power (version 3.1.0) with the test family set
at (t-test), alpha level of 0.05, a confidence level of
95%, study power of 95% and effect size of 0.8. These
assumptions generated a sample size of 100
participants considering a possible 10-20% drop-out
rate.

2.3. Participants

A convenient sample of one hundred adult patients
(60 males and 40 females) was recruited from South
Valley University hospital between April 2020 and
December 2021. The participants were aged 45-60
years, and they were listed for open heart surgery using
single sternotomies. The flowchart of the study
participants is displayed in Figure 1.
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Screened participants
(n=200)

-Refused to participaie (n=40)

=Did not meet inclusion criteria
{n=60)

Eligible participants

(=100}

Enrolled in the study

(r=100)

Fig. 1 Flowchart of the study participants

The exclusion criteria were as follows: 1) patients
who underwent thoracotomy or combined sternotomy
and thoracotomy; 2) patients with any spinal
malalignment or deformities; 3) lower extremity
deformities or leg length discrepancy that could affect
spinal alignment; 4) history of previous cardiothoracic
surgeries; 5) history of previous surgeries in the spine;
6) history of lower extremity fractures or surgeries that
could affect the spine alignment.

The current study was conducted in accordance with
the principles of the Declaration of Helsinki and was
approved by the ethical committee at the Faculty of
Physical Therapy, South Valley University, Qena,
Egypt, with the following approval number [REC-
SVU-01030019]. Written informed consent was
obtained from all participants before enrollment in the
study. All participants were informed about the study
objectives before participation. Participants were
informed about their right to withdraw from the study
at any time.

2.4. Procedures

The patients were assessed twice; the first time was
before the operation as a preoperative examination. The
second was on the day of discharge from the hospital.
The spinal kyphotic curve and pulmonary functions
(FVC, FEV,and FEV,/FVC) were examined by a
physical therapist who was trained for all assessments
for 10 days before this study and was blinded for the
study objectives.

Spinal kyphosis: Using the Flexicurve ruler
(Staedtler Mars Inc, Nurnberg, Germany), which is a
flexible band of lead metal covered with a smooth
sheath of plastic approximately 60 cm long. The ruler
could be bent in only one plane and keeps the shape to
which it is bent. The patients were instructed to stand
up straight and tall as much as they can with their
hands rested on the back of a chair. Then, they were
instructed to rest their hands beside them keeping their

back straight, and then after that thoracic kyphosis was
measured using a Flexicurve ruler.

To trace the measured thoracic curve, the ruler was
placed flat on paper and its outline was traced using a
pencil. We measured the length of thoracic kyphosis (1)
by tracing a straight line between C7 and T12 on a
paper and was measured in cm. To measure the height
of the thoracic kyphosis (h) in cm, a perpendicular line
was drawn from the highest point in the traced thoracic
curve to the point at which it intersected the straight
line drawn from C7 to T12 (Figure 2).

7

T12

Fig. 2 Calculation of Kyphotic index [kyphotic index= (h/l) x 100]

The index of kyphosis was measured by applying
the formula: (h/I) x 100. In this study, the distance from
C7 to T12 was measured using the Flexicurve ruler.
The purpose of measuring the thoracic spine from (C7
to T12) in the current study was to isolate the specific
region of interest.

Pulmonary function tests: We used a spirometer
tubing to assess pulmonary function, including forced
expiratory volume in the first second (FEV,), forced
vital capacity (FVC) and FEV,/FVC [16]. The patients
were taught the following procedure of doing PFT: (1)
Patient preparation consisted of explaining the purpose
of the test and how it would be done with keeping the
explanation brief and in simple terms; (2) A patient is
given own clean mouthpiece fixed on the valve at the
end of the spirometer tubing. (3) The patient sat in a
comfortable position with feet firmly on the floor and a
nose clip on the patient’s nose; (4) The patient was
shown the proper chin neck position: chin should be
elevated and the neck slightly extended, this position
should be maintained throughout the forced expiratory
procedures, the patient should not bend the chin to the
chest. (5) The mouthpiece is placed into the patient
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mouth, the patient is asked not to bite down on
mouthpiece, lips should be sealed tightly and the
tongue should not stick out into the mouthpiece. (6)
The patient is asked to breathe in fully (must be
absolutely full) then expire forcefully and rapidly as
much as possible through the mouthpiece. (7) At least
three technically acceptable maneuvers should be
obtained, ideally with less than 0.15-L variability for
FEV1 (and FVC) between the highest and second
highest result (obtain the best of 3). Each individual
test is acceptable if it meets the following acceptability
and repeatability criteria.

2.5. Statistical Analysis

The normality of data distribution was analyzed
with the Shapiro-Wilk test. As the data followed a
normal distribution, the comparison between the pre-
operative and postoperative measurements of the
variables under study was performed using the paired t-
test. P value of < 0.05 was considered as statistically
significant. The effect size was interpreted according to
Cohen’s Classification of effect size [small = 0.2;
moderate= 0.5; large = 0.8].

3. Results
The demographic data of all
reported in Table 1.

participants are

Table 1 Demographic data of the study participants (n = 100)

Variables Mean + SD
Age (years) 53+943
Height (cm) 169 +7.94
Weight (kg) 84 £6.83
BMI 29.41+£2.33
Gender

Male 60 (60%)
Female 40 (40%)

Continuous data are expressed as mean +Standard
deviation; Categorical data are expressed as absolute
number (percentage %)

Post-operative results revealed that there was a
significant increase in the dorsal kyphotic curve.
Moreover, there were significant statistical differences
in the pulmonary functions under study between the
pre- and post-operative results as shown in Table 2.
The pre- and post-operative results of the Kyphotic
index are reported in Table 2.

Table 2 Comparisons between pre- and post-operative variables under study

Variable Pre-operative  Post-operative t-value P-value Effectsize (d) Observed
(Mean+SD)  (Mean + SD) Power

Kyphotic index 7.22 +2.12 9.75+2.32 253 9.72 .001* 0.84 0.92

FVC (L) 2.26 £ .85 2.12+.77 014 21 .001* 1.6 0.98

FEV, (L) 1.87+.74 1.55+ .64 032 4.92 .001* 0.92 0.96

FEV./FVC 0.82+.11 0.72+.13 055 5.33 .001* 0.89 0.95

Notes: Level of significance at P < 0.05.* = significant; MD: mean difference; d: Cohen’s effect size; FVC: forced vital capacity, FEV:
Forced expiratory volume in the first second; FEV/FVC: Forced expiratory volume in the first second to forced vital capacity

4. Discussion

This study was designed to determine the impact of
open-heart surgery using median sternotomy in
developing thoracic kyphosis and the effect of this
deformity development on pulmonary functions (FVC,
FEV and FEV,/FVC).

In this study, the distance from C7 to T12 was
measured using the flexicurve ruler. Previous studies
have used Flexicurve to measure from the C7 spinous
process to the L5-S1 junction [15], thus measuring
both thoracic kyphosis and lumbar lordosis. The
rationale for the extended reference points is that
thoracic kyphosis resulting from osteoporosis is often
associated with a compensatory increase in lumbar
lordosis [15]. This hyperlordosis along with a more
upright positioning of the sacrum has also been noted
by [12]. Other researchers have also indicated that
greater stiffness in the thoracic spine may produce
compensatory changes in the more mobile lumbar
region [16].

The results of this study revealed a high incidence
rate of thoracic kyphosis and reduction of pulmonary
function (FCV, FEV) after median sternotomy in open-
heart surgery in adult. In our current study, comparing

the mean values of Kyphotic index at pre-operative and
post-operative evaluations for the patients; there was a
statistically significant increase in the Kyphotic index
by about (7.94 £ 2.12) after median sternotomy in
open-heart surgery in adults, this was consistent with
the result of [1], where a study was conducted to
investigate the incidence of spinal deformity (scoliosis
and thoracic kyphosis) in patients after thoracotomy
and sternotomy for congenital heart disease and the
authors concluded that high incidence rate of thoracic
scoliosis and kyphosis occurs in children after median
sternotomy in congenital heart diseases.

The results of a sternotomy procedure are associated
with a high risk of chronic thoracic pain and represent a
severe clinical problem [17]-[18]. One of these
problems is reduction in dorsal spine ROM and
instability of this region [19]. Surgical Pain and
reduction of thoracic spine ROM can lead to a rounded
shoulder, which will increase the probability of
developing exaggerated thoracic kyphosis, and this
what our study proved after sternotomy. An increase in
thoracic kyphosis affects the reduction of pulmonary
function as it was stated previously in a retrospective
review [20] examined the relationship between
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preoperative pulmonary function and the Cobb angle,
location of apical vertebrae and age in adolescent
idiopathic scoliosis (AIS), this review [20] concluded
that pulmonary function impairments was associated
with spinal deformities (thoracic kyphosis and
scoliosis).

Respiratory impairment was greater in the more
cranially located kyphosis, specifically above the T10
level [21]. In this study, we examined the pulmonary
function tests (FVC, FEV and FEV./FVC) pre- and
post-operative and there was a significant reduction in
all pulmonary functions under study and this was
consistent with the previous study [22] that investigated
pulmonary  complications after the use of
extracorporeal circulation in cardiopulmonary bypass
patients and concluded a reduction in pulmonary
functions after surgery [22].

Postoperative pulmonary complications are still a
leading cause of adverse results after cardiac surgery
and increased morbidity and mortality rate. Pulmonary
function is significantly reduced in the immediate
postoperative period and the reason for this impairment
is multifactorial [23].

Our study results were also consistent with a
previous study [19], which investigated the relationship
between pain and pulmonary function reduction after
median sternotomy and they concluded that pain has a
significant effect on pulmonary function after median
sternotomy. Similarly, the current study findings are
online with the previous studies [24]-[25] that indicated
a rapid drop in pulmonary function after mitral valve
replacement surgeries in adults.

Strength and limitations:

The current study findings showed that increase in
the kyphotic index and reduction in the pulmonary
functions under study are most probably attributed to
pain and large median sternotomy incision that have a
positive effect on decreasing pulmonary function [26]-
[27].

One of the main limitations of this study is that the
convenience sampling method followed could have a
limitation toward the generalization of the current study
finding. Furthermore, the current study investigated the
spinal kyphotic curve after open heart surgery only in a
certain age group (45-60 years), so studying different
age groups should be addressed in the future research.

5. Conclusion

The risk of developing thoracic kyphosis and
reduction in the pulmonary functions after cardiac
surgery using median sternotomy incision is high and is
most probably attributed to incisional pain, impaired
chest expansion and reduced inspiratory muscle power.
Therefore, prevention and treatment of these causes is
recommended to prevent pulmonary complications.
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