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Summary

The aim of the study was to present our own experimental 
model of blunt chest trauma in small laboratory animals. 
Fifteen Wistar albino rats (body weight 290.0-320.0 g) 
were used in the experiment. An originally designed 
platform was used to inflict blunt thoracic trauma in the 
rats. Gross examination and histological evaluation of the 
heart and lung were performed. It was established that 
blunt chest trauma caused three thoracic injuries: bilateral 
lung  contus ion ,  myocard ia l  contus ion  and  
hemopericardium. These thoracic injuries occurred as a 
result from direct compression of the chest wall towards 
the lung and the heart. The severity of lung parenchymal 
and myocardial pathological findings depended on the 
energy of blunt chest trauma. The study presents a 
reproducible small-animal experimental model of blunt 
chest trauma. The model gives opportunities for further 
studying different aspects of lung and myocardial 
contusion.  
Key words: blunt chest trauma, lung contusion, 
myocardial contusion, rats 

Introduction

Blunt chest trauma remains a significant problem in 
emergency medicine and trauma care. Blunt chest 
trauma causes a variety of injuries, ranging from 
simple contusion of the thoracic wall to life-
threatening injuries of the thoracic viscera. One-
fourth of trauma-related deaths are specifically 
related to blunt chest trauma. The high morbidity and 
mortality of blunt chest trauma explains the great 
interest in its experimental exploration [1-4]. 

The aim of this study was to present our own 
experimental model of blunt chest trauma in small 
laboratory animals.

Material and Methods

Fifteen male Wistar albino rats (body weight 290.0-
320.0 g) were used. For the experimental study we 
used a special platform, designed by ourselves. The 
construction of the platform consists of several 

Novakov I., et al.  Experimental model of blunt chest trauma in rats...



16

J Biomed Clin Res Volume 7 Number 1, 2014

elements: a solid wooden base; a vertical metal 
rod, fixed to the base of the platform; a horizontal 
metal rod, mobile towards the vertical rod, an 
outer plastic cylinder - fixed to the horizontal rod; 
a trigger, fixed to an inner plastic cylinder; a 
falling body (Fig. 1). 

their right side, just under the falling body that 
hung on the trigger.

Blunt chest trauma was caused by free fall of 
the body upon the left thoracic wall of the 
animals. The kinetic energy of the mechanical 
impact on the thoracic cage of the animals is a 
function of the weight of the falling body and its 
height of dropping. The energy of the trauma (in 
joules) was calculated using the formula E=mgh 
(J) [m – mass of the falling body (kilograms); g – 

2
gravitational acceleration = 9.81m/s ; h – height 
that falling body is dropped from (meters)].

The animals were divided into five subgroups 
(three in each) on the basis of the kinetic energy 
of the impact on the thoracic wall: 1.8 J, 2.0 J, 2.2 
J, 2.4 J, and 2.6 J. The weight of the falling body 
was 500 g. With that weigh of the falling body, its 
height of dropping towards the thoracic cage of 
the animals had to be 37 cm, 41 cm, 45 cm, 49 cm 
and 53 cm to generate mechanical impacts with 
the energies that mentioned above. 

At the moment of blunt chest trauma the 
animals were in a state of general anesthesia 
(intraperitoneal injection of ketamine  
hydrochloride 90 mg/kg). The animals were 

th
euthanized at the 24  hour after the thoracic 
trauma by a lethal dose of thiopental natrium 
(>100 mg/kg). The animals were immediately 
autopsied by opening the chest. The heart and 
lungs were excised from the chest. Gross 
examination and histopathological evaluation 
was made in a blinded fashion by two 
exper ienced  labora to ry  pa tho log is t s .  
Histological sections of the heart and lungs 
(stained with hematoxylin and eosin – H&E) 
were examined by light microscopy under x 10, x 
20, x 40 magnification. 

This experimental study was conducted with 
the permission of the local ethics committee of 
Medical University, Plovdiv (№2/2012) and 
National Bulgarian Safety Food Agency 
(№79/2013). 

Results

thAll fifteen rats survived to the 24  hour after the 
blunt thoracic.

Gross pathology analysis established lung 
contusion in all the animals. There were areas of 
hemorrhages, as a sign of lung contusion, on the 
surface of both lungs (Fig. 2; Fig. 3). 

Figure 1. Platform for blunt thoracic trauma for small 
laboratory animals.
(1 – wooden base; 2 – vertical metal rod; 3 – horizontal 
metal rod; 4 – metal bolts to fix a horizontal metal rod; 
5 – outer plastic cylinder; 6 – plastic cylinder of falling 
body; 7– metal plate; 8 – trigger)

The falling body of the platform consisted of a 
plastic cylinder, a flat round metal base, and a 
metal bolt that closed the upper pole of the plastic 
cylinder. The plastic cylinder of the falling body 
was filled with pellets (diameter 0.75 mm/caliber 
13 each). The small pellets, filling the plastic 
cylinder allowed for changing the weight of the 
falling body in a range of 250 to 950 g. We 
designed four metal plates of the falling body 
with different diameters: 40, 50, 60 and 70 mm. 
The metal bolt closing the upper pole of the 
cylinder allowed the falling body to hang on the 
trigger of the platform (Fig. 1). When the trigger 
was pressed, the falling body was released by the 
horizontal rod and fell free onto the base of the 
platform. The construction of the platform made 
it possible to change the height of the horizontal 
rod and changing the distance between falling 
body and the base of the platform.  The animals 
were placed on the base of the platform, laid on 



17

Novakov I., et al.  Experimental model of blunt chest trauma in rats...

Figure 2. Lung contusion in blunt chest trauma with 
energy of 2.2 J – gross appearance. Hemorrhages on 
lateral surfaces of both lungs

Figure 3. Lung contusion in blunt chest trauma with 
energy of 2.6 J – gross appearance. Severe 
hemorrhages on lateral surfaces of the left lung

Figure 4. Myocardial contusion in blunt chest 
trauma with 2.6 J energy – gross appearance. Black 
arrows show the hemorrhages on the surface of the 
heart

Heart gross pathological findings were not 
established in the animals of the 1.8 J subgroup. 
Areas of hemorrhages, as a sign of myocardial 
contusion, were seen on the heart surface in one 
of the animals of the 2.0 J subgroup and in all the 
2.2 J, 2.4 J and 2.6 J subgroups (Fig. 4). 
Hemopericardium was established in two of the 
animals – one of the 2.4 J subgroup of and another 
in the 2.6 J subgroup (Fig. 5). 

Histological examination established 
myocardial and lung contusion in all animals. 
Parenchymal lung hemorrhages - interstitial and 
alveolar, alveolar destruction and injured 
bronchioles were found (Fig. 6; Fig. 7). 

Figure 5. Blunt chest trauma with 2.6 J energy – 
gross appearance. Bilateral lung contusion, 
hemopericardium and heart contusion are 
demonstrated

Figure 6. Severe lung parenchymal hemorrhage in 
blunt chest trauma with 2.6 J kinetic energy– 
histological examination (H&Eх10)

Figure 7. Alveolar destruction and injured 
bronchioles (marked with black arrows) in blunt 
chest trauma – histological examination (H&Eх20)

Areas of myocardial and subepicardial 
hemorrhages were found (Fig. 8; Fig. 9). It was 
established that severity of histological 
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Figure 8. Myocardial hemorrhage in blunt chest 
trauma with energy 1.8 J – histological examination 
(H&Eх20)

Figure 9. Severe subepicardial heart hemorrhage in 
blunt chest trauma with energy 2.6 J – histological 
examination (H&Eх10)

myocardial and lung parenchymal pathological 
changes depended on the energy of the inflicted 
blunt chest trauma. 

models of blunt chest trauma [10-13]. 
We decided to use Wistar albino rats were 

used for our experimental model of blunt chest 
trauma since these rats are very prolific and 
highly resistant to unfavourable effects, e.g. as 
anesthetics and mechanical impact. Moreover, 
many cell- and mediator-specific reagents, which 
are widely available for small animals such as 
rats are available [5]. 

Nowadays, experimental blunt chest trauma 
is most commonly is caused by mechanical 
impact through dropping a solid body onto the 
chest wall of laboratory animals [10-13]. This 
mechanism was adopted by our scientific team. 
We designed and constructed a special platform, 
unique for this study. The platform is simple in 
construction, easy to use and allowed for precise 
determination of the kinetic energy of 
mechanical impact on the thoracic cage of the 
animals.

Using the results of other published 
experimental studies, we decided to cause blunt 
chest trauma by a mechanical blow on the 
thoracic wall of the animals with kinetic energies 
of 1.8 J, 2.0 J, 2.2 J, 2.4 J and 2.6 J [8-10]. Our 
results showed that even with relatively high 
energy of mechanical impact (2.4 J, 2.6 J) the 
animals survived the blunt chest trauma. 

Three kinds of injuries of the thoracic viscera 
were caused by the mechanical impact on the left 
thoracic wall of the animals: lung contusion, 
myocardial contusion and hemopericardium. As 
was expected, lung contusion was the most 
common thoracic injury in our model of blunt 
chest trauma, which was also confirmed on gross 
examination and on histological analysis in all 
animals. Mechanical impact on the left thoracic 
wall causes left-sided pulmonary contusion. At 
the moment of a left-sided blow, the right lung 
was also under pressure as a result of pressing the 
right chest wall against the solid base of the 
platform. This explains why left-sided lateral 
mechanical impact on the thoracic cage caused 
bilateral pulmonary contusion. 

Myocardial contusion was the second 
thoracic injury in our model of blunt chest 
trauma. The injury of the heart was a result of 
sudden compression of the chest wall at the 
moment of blunt chest trauma. In contrast to the 
tender lung, the heart is steadier to mechanical 
impacts. It explains why the gross pathological 
lung findings were more obvious than those of 
the heart. 

Lung and myocardial contusions are 
considered as potentially life-threatening injuries 

Discussion

Because of its high incidence and high level of 
mortality, blunt chest trauma is considered as a 
serious problem in emergency medicine and 
thoracic surgery practice [1-4]. These 
characteristics of blunt chest trauma explain the 
great interest in its experimental exploration [5]. 
For the needs of our scientific work we also 
needed an experimental model of blunt chest 
trauma, which is presented in this study. 

We had to choose the species of animals for 
our model of blunt chest trauma. There are 
limitations in using large-animal models of chest 
trauma. Some of the reasons for such limitations 
are: complex technical supply, frequent mortality 
of the animals and high cost of the experiments 
[6-9]. Because of that, many authors have used 
small laboratory animals for their experimental 
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that should be detected during a secondary 
assessment of blunt chest trauma patients [4]. As 
was expected, histological analysis established 
that myocardial and lung pathological changes 
correlated with the energy of the blunt chest 
trauma.

In contrast to lung and myocardial contusions, 
cardiac tamponade is one of the immediate life-
threatening thoracic injuries that require 
evaluation and treatment during the primary 
survey. Cardiac tamponade is caused by the 
accumulation of blood in the pericardial sac – 
hemopericardium [4].  We established 
hemopericardium in two of the animals. The 
amount of blood in the pericardial sac was not 
sufficient to compress the hearts of the animals. 
Because of that, the animals survived up to the 

th24  hour after the blunt chest trauma.

Conclusions

We present a reproducible small-animal 
experimental model of blunt chest trauma that 
causes three deadly thoracic injuries: lung 
contusion,  myocardial  contusion and 
hemopericardium.

The presenting model of blunt chest trauma 
provides opportunities for further studying 
various aspects of lung and myocardial 
contusion.  Furthermore, the construction of the 
platform makes it possible to cause experimental 
blunt trauma to in anatomical regions other than 
the chest. 
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