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Establishment of a rabbit model of pectus excavatum
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Abstract: Background: Pectus excavatum (PE) is the most common chest wall malformation. The main treatments of
PE are the Nuss and Ravitch procedures. Because the pathogenesis of PE remains unclear, an exact animal model
has been difficult to establish. Animal models are unavailable to test new steel bars used in the Nuss procedure and
to elucidate the mechanism by which PE affects pulmonary function. This study described the establishment of a
rabbit model of PE. Methods: Twenty-four New Zealand white rabbits were randomized into a PE group and a control
group. The animals in the PE group underwent surgery to remove a 0.5 cm long segment of the fifth to seventh
costicartilage and removal of the sternum at the fifth costicartilage level. In control animals, the skin and muscle
were incised and stitched into two layers. Results: Ten days after surgery, rabbits in the PE group showed gradual
depression of the sternum. Over time, as rabbit weight increased, the depression of the anterior and inferior chest
wall deepened and widened gradually. The deformity of the chest wall was similar at 6 and 12 weeks after surgery.
Chest CT scans at 8 weeks after surgery showed that the depression extended from the cutting at the fifth costicar-
tilage level to the spine. Three-dimensional reconstruction of the thorax showed that the depression of the sternum
began at the level of fifth rib and most obvious at the level of the seventh rib. Conclusions: This rabbit model of PE
was simple, less invasive, and easy to establish.
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Although PE is often regarded as a cosmetic
condition, it has been reported to affect pulmo-
nary function [7]. Patients with mild PE may be
asymptomatic, whereas patients with severe
PE may experience compression of the heart
and lungs. Dyspnea during exercise and chest
pains are the most common symptoms in
patients with PE [8]. Embarrassment about the
deformation may lead to mental illness and
reduced quality of life [9-11]. Moreover, PE has
been reported to reduce life expectancy [12].

Introduction

Pectus excavatum (PE), the most common type
of chest wall malformation, with an incidence
of 23 per 10,000 live births, is characterized
by depression of the anterior and inferior chest
wall [1]. PE is 5 times more frequent in men
than in women [2], has a strong familial tenden-
cy and tends to be polygenetic, with patients
showing autosomal dominant, autosomal rece-
ssive, and X-linked inheritance [3-5]. Defor-
mations occurring in patients with PE may be

symmetric or asymmetric. These anomalies are
thought to be caused by the unbalanced growth
of the costicartilage region of the anterior and
inferior chest wall; if the speed of growth of the
costicartilage is faster than that of the ster-
num, the sternum will be pressed downward,
resulting in deformation [6]. PE may have dele-
terious effects on patients’ physical and men-
tal health.

Abnormal pulmonary function in some patients
with PE may be due to lung distortion resulting
from compression by the depressed anterior
and inferior chest wall and the ribs. However,
the specific mechanism by which PE affects
pulmonary function remains unknown. Animal
models of PE may help determine this mecha-
nism. The Haller index on CT scans is important
in determining whether or not to surgically treat
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Figure 1. Diagram of Experimental protocol. A. Rabbits were fixed on the operating table on dorsal position after the
performance of anaesthesia and removing the hair. B. Skin and muscle before sternum was incised. C. The fifth to
seventh costicartilage was exposed when skin and muscle before sternum was incised. D. Incision was stitched in
two layers after the operation.

patients with PE, with surgery considered nec-
essary when the Haller index is above 3.125.
The main types of surgery for PE are the Nuss
and Ravitch procedures. Surgery is not neces-
sary for patients with slight deformation of the
chest wall. The Nuss procedure is minimally
invasive and simple to perform, and the effects
of correction remain good [13]. In the Nuss pro-
cedure, which is being increasingly performed
worldwide, a steel plate is used to elevate the
sternum. As technology advances, new steel
plates are introduced to replace the traditional
steel plates [14]. Before their use clinically, new
steel plates must be tested in animal models to
determine their biocompatibility and mechani-
cal characteristics. Proper animal models to
test new steel bars and to elucidate the mecha-
nism by which PE affects pulmonary function
are lacking. This study describes the develop-
ment of a rabbit model of PE.
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Materials and methods
Laboratory animals

This research was approved by the Animal
Research Committee at the Animal Experi-
mental Center of Sun Yat-sen University
(Permission Code: SCXK200-8-0002) and con-
formed to the National Institute of Health
Guidelines for the Care and Use of Laboratory
Animals. Twenty-four male and female, specific-
pathogen-free New Zealand white rabbits,
weighing 1.8-2.2 kg and bred at the Animal
Center of Sun Yat-sen University, were main-
tained in individual cages in a temperature-reg-
ulated (24°C) room at the animal center and
allowed free access to rabbit chow and water.

Major instruments and apparatus

CT was performed using a 64-multidetector
spiral CT (Aquilion ViSION, Toshiba Company of
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Figure 2. Chest CT appearance of rabbit models of PE. A. The depression was from the cutting at fifth costicartilage
level and was asymmetrical. B. The depression was most obvious in this image and the sternum was inclined to the
left. C. Coronal reconstructed image. D. The depression was obvious in this image and the sternum was inclined to

the left.

Japan). General surgical instruments were
obtained from the Animal Experimental Center
of Sun Yat-sen University and surgical sutures
(from Johnson & Johnson, USA).

Experimental protocol

The 24 animals were randomly divided into
two groups (=12 for each) and anesthetized
by injection into the auricular veins of 3% pen-
tobarbital (1 mL/kg). Hair on the anterior chest
wall was removed with an electric shaver, and
the area was disinfected with povidone-iodine.
Rabbits were fixed on the operating table in the
dorsal position. A 7 cm long median longitudi-
nal incision was made in the xiphoid process.
The skin and muscle in front of the sternum
was incised, exposing the structural connection
of the ribs and cartilage. The seventh costal
connected to the sternum was identified as the
lowermost costicartilage. Rabbits in the PE
group underwent removal of a 0.5 cm long seg-
ment of the fifth to seventh costicartilage, tak-
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ing care to protect the pleura so as not to
induce pneumothorax. The sternum was subse-
quently removed at the level of the fifth costi-
cartilage (Figure 1). In control animals, the skin
and muscle were incised and stitched into two
layers. All rabbits received postoperative intra-
muscular injections of antibiotics for 3 days to
prevent infection.

Main outcome measures

Rabbits were followed-up for 12 weeks after
the operation, during which time changes in
chest wall appearance were monitored. All rab-
bits underwent chest CT scans 8 weeks after
surgery, to obtain sagittal, coronal and cross-
sectional images of the rabbits’ chest walls, fol-
lowed by 3-dimensional reconstruction using
DICOM data and Mimmics 16 software. The
length, width and depth of the depression in
each rabbit were determined from the 3D imag-
es using Magics 9.5.
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Figure 3. Dimensions of depressions in the rabbit PE model. A. The three-dimensional reconstruction of thorax
of experimental group. B. The three-dimensional reconstruction of thorax of experimental group showed that the
depression of sternum was from the level of fifth rib and the depression was most obvious at the level of seventh
rib. It can be seen from the three-dimensional reconstruction that the depression shifted upwards from the deepest
sag at the level of seventh rib. The malformation was like a boat in the profile of three-dimensional reconstruction of
thorax of rabbit. C. The three-dimensional reconstruction of thorax of experimental group. D. The three-dimensional

reconstruction of thorax of experimental group.

Results
Changes in chest wall appearance

Paradoxical respiration was observed after sur-
gery in both the control and experimental
groups, but vanished after anesthesia wore off.
Pectus carinatum-like changes due to swelling
in local tissues were observed in the anterior
and inferior chest wall 1-5 days after surgery.
Gradually depression in the region of the ster-
num was observed in the experimental group
10 days after the operation, deepening at 2
weeks. At 3 weeks, this depression, located at
the junction of the sternum and xiphoid center,
widened and formed a malformation typical of
PE. Over time, as rabbit weight increased, the
depression of the anterior and inferior chest
wall deepened and widened. Beginning 5
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weeks after surgery, malformation of rabbit
chest wall was not proportional to the increase
in weight. The deformity of the chest wall at 12
weeks was similar to that at 6 weeks.

Chest CT appearance

Chest CT scans of the PE group showed that
the depression extended from the cutting at
the fifth costicartilage level to the spine. Chest
CT also showed that the sternum was cut and
corresponding ribs amputated. Three-dimen-
sional reconstruction of the thorax of rabbits
in the PE group showed that the depression of
the sternum extended from the level of fifth
rib and was most obvious at the level of sev-
enth rib. The three-dimensional reconstruction
showed that the depression shifted upwards
from the deepest sag at the level of seventh rib
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Figure 4. Measurement drawing of 3D image of one rabbit.

Table 1. Length, width and depth of the de-
pression in rabbits

Low High  Average Standard

(mm) (mm) (mm) Deviation
Length 23.688 39.964 29.015 5.98
Width 28.518 36.282 33 3.41
Depth 9.57 15.169 12.45 4.04

and that the malformation had a boat-like
appearance (Figure 2). The deformity was sym-
metrical when viewed by chest CT from the out-
side, but was asymmetric when viewed from
the inside.

Dimensions of depressions in the rabbit PE
model

Measurement drawings of 3D images were
obtained using Magics 9.5 software package
(Figures 3, 4). This software was also used to
characterize the length, width and depth of
anterior and inferior depressions in these rab-
bits (Table 1).
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Discussion

To date, the pathogenesis of
PE has remained unclear,
especially since exact animal
models are difficult to estab-
lish. The modified Ravitch
procedure consists of three
steps: 1) exposure of the ster-
num and surrounding area;
2) removal of abnormal carti-
lage; and 3) fixing the ster-
num in a more normal posi-
tion using a metal bar, which
remains in place for at least 1
year and is removed surgically
later [15]. PE may recur, how-
ever, after the Ravitch proce-
dure [16], perhaps because
removal of abnormal cartilage
and fixation of the sternum
may lead to a softened chest
wall. Intrathoracic negative
pressure is required to main-
tain spontaneous breathing.
Differential pressure between
the outside and inside of the
chest wall may lead to chest
wall depression due its soft-
ening. PE recurrence after
the Ravitch procedure may be attributed to the
softened chest wall and intrathoracic negative
pressure. Animal models of PE may be gener-
ated by cutting the lowermost parts of the
cartilage and the corresponding level of the
sternum.

A mouse model of PE and scoliosis was
generated by knockout of Gprl26/Adgrgé
[17], with Gpr126 found to be a genetic cause
for the pathogenesis of AIS and PE. This model
is difficult to replicate, because Gpr126/Adgrg6
knockout mice are very expensive. Moreover,
the size of these animals makes it difficult to
test the biocompatibility and mechanical char-
acteristics of new steel bars. Changes in the
chest walls of patients with PE after Nuss bar
removal and deformations caused by bars and
stabilizers were assessed by three-dimensional
reconstructions of multislice CT scans [18].
These high-resolution, three-dimensional imag-
es of the thoracic cavity are considered an ideal
imaging model to compare operation associat-
ed differences in the chest wall. The imaging
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Figure 5. Testing of 3D printed Titanium Alloy implant in the rabbit model of PE. A. 3D reconstruction of Chest CT of
rabbit model before operation; B. 3D reconstruction of Chest CT of rabbit model after operation; C. 3D reconstruc-
tion of Chest CT of rabbit model after operation; D. 3D reconstruction of Chest CT of rabbit model after operation.

model can provide a theoretical basis for indi-
vidualized treatment of patients with PE [19-
21]. Artificial neural networks were used to
automatically model of corrective prostheses in
PE, thus eliminating the exposure to radiation
associated with CT [22]. This imaging model
based on artificial neural networks was compa-
rable with the imaging model based on CT
scanning, but the former was unable to assess
the mechanical and biological characteristics
of PE.

Rabbits are used as models for many diseases,
including acute myocardial infarction and scoli-
0sis [23, 24]. Our rabbit model of PE is similar
to the human disease on imaging, but differs in
mechanism and inducing factors. Nevertheless,
this rabbit model can be used to test the
mechanical and biological characteristics of
new steel bars used in the Nuss procedure and
to assess operative changes in lung function. In
the absence of an appropriate model, individu-
al animal models must be used to assess the
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mechanical and biological characteristics of
new steel bars, such as the use of pig chest
wall to test mechanical characteristics date
and the use of guinea pigs to test biological
characteristics [25]. The rabbit model of PE can
also be used to test the teratogenicity and car-
cinogenicity of new bars.

Normal breathing depends on the integrity of
the chest wall. Use of our rabbit model indicat-
ed that fracture of a rib ring can cause PE.
Fracture of the rib ring resulting in PE can occur
during pediatric surgery and cardiothoracic sur-
gery, making it important to protect the rib ring
during these operations.

Compared with PE models based on complex
gene knockout technology and complicated
image-based software, our rabbit model of PE
was easy to establish. It is important, however,
to maintain the integrity of the pleura during
the operation. Cutting the ribs and the corre-
sponding level of sternum is easy to perform.

Int J Clin Exp Med 2017;10(4):6429-6436
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Use of this model to assess the etiology of PE
and to test new bars used in the Nuss proce-
dure can avoid ethical issues.

In our further experiment, we individually cor-
rected this rabbit model of PE by using the 3D
printed Titanium Alloy implant. 3D printed
Titanium Alloy implants were made according
to mechanical parameters of chest of rabbit
and the shape of rabbit model of PE. 3D printed
Titanium Alloy implants were inserted into
chest cavities of rabbit models of pectus exca-
vatum according to Nuss procedure. The ortho-
pedic effect were obtained by comparison of
chest CT images of each rabbit model of pectus
excavatum before and after operation. The
deformity if full and precisely corrected from
image of CT plain scan and Three Dimension
Reconstruction (As shown in the Figure 5).
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