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ABSTRACT 
28 adult guinea pigs were included in the experimental histopathological research. They were modeled segmental 
Le Fort I fractures, by applying intra-oral access and cutting the upper jaw, into the front segment (with the 
infraorbital neurovascular injury), into the right side and the left side segments with interdental cross cuts (without 
infraorbital neurovascular injury). The control group consisted of intact animals. According to the results of the 
research, periodontal tissue and dental pulp, located in the line of maxillary fracture, are the subjects of deep 
inflammatory and dystrophic changes. In case of horizontal fracture with the infraorbital neurovascular injury, all 
examined front cutting teeth had the pulp necrosis by the 28th day. The chewing teeth had the pulp necrosis in 16 
(9,5%) of 168 teeth, indicating a high compensatory and adaptive capabilities of the pulp. Thus, intact teeth, 
located in the horizontal fracture line, in most cases do not complicate healing and can be saved after removal of 
the pulp. 
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INTRODUCTION 
The maxilla consists of thin bony plates, which 
are the walls of the maxillary sinus, lined with 
mucous membrane. Skeletal fixations of the 
maxilla contribute to their steady fusion with 
other bones of the facial skeleton, and are 
involved in the formation of the mouth, nose, 
eye socket, as well as infratemporal and 
pterygopalatine fossa. According to the 
literature, the quantity of maxillary fractures 
accounts for 9% of all fractures of the facial 
portion of the skull [7, 8, 12]. Despite the fact, 
that the upper jaw bone is paired, its two halves 
are very firmly fixed to each other in the 
midline, so that in most injury cases, it is broken 
as one bone at different levels [4, 9, 11]. Le Fort 
I fracture – is the fracture with complete 
separation of the upper jaw with the nasal and 
malar bones from the skull base. This fracture is 
called a full craniofacial separation. Le Fort II 
fracture  - is the fracture, when the upper jaw 
with the nasal bones is separated from the 
zygomatic bone and the skull bones. Such 

fracture is accompanied by bleeding in the 
eyelids and conjunctiva, sometimes by bleeding 
from the mouth, nose and throat. Le Fort III 
fracture  - is the fracture, when its line lies 
horizontally above the alveolar ridge from the 
base of the pear-shaped opening to the small 
pterygoid process of the sphenoid bone. In this 
case, as usually, the bottom of the maxillary 
sinus and nasal septum are broken [2, 10, 13]. 
Often, in case of traumatic fractures of the upper 
jaw, abovementioned fracture lines are located 
asymmetrically: on the one side – it is the 
second type, on the other side – it is the first 
type. Also, there are unilateral maxillary 
fractures, when the fracture line does not go 
beyond the midline. Almost all fractures of the 
upper jaw are open – it means the breaks of 
mouth mucous membrane, nose, maxillary sinus 
[1, 3, 14]. The possibility of saving the teeth, 
located in the horizontal fracture line, remains 
controversial. Some authors recommend to 
remove the fracture teeth, as they contribute to 
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the development of inflammatory complications. 
Other researchers suggest, that intact teeth, 
located in the projection of horizontal fracture, 
do not have negative impact on the 
consolidation of pieces and healing processes, 
and they can be saved [5, 6]. According to the 
literature, specific clinical studies on this subject 
are not sufficient, the conclusions of the authors 
for the appropriateness of teeth saving, located 
in the fracture projection, are often subjective 
and inconsistent, there are no morphological 
studies on the reaction of teeth pulp and 
periodontal tissue in traumatic injuries of the 
upper jaw. 
PURPOSE OF THE RESEARCH: The 
purpose of the research is the estimation of 

histopathological changes in periodontal tissue 
and pulp of teeth, located in the projection of the 
upper jaw fracture. 
 
MATERIALS AND METHODS 
Experiments were carried out on 28 adult guinea 
pigs, which were divided into 4 groups. Animals 
of the 1st, the 2nd  and the 3rd groups (21 
animals) were modeled segmental Le Fort I 
fractures, by applying intra-oral access and 
cutting the upper jaw, into the front segment 
(with the infraorbital neurovascular injury), into 
the right side and the left side segments with 
interdental cross cuts (without infraorbital 
neurovascular injury). 

 
Group 1                                                                          Group 2               and 3 
Fig. (1). Survey radiographs of the experimental animals, the modeling of segmental Le Fort I fractures. a – 
frontal segment (group 1), b - right side segment (group 2) and left side segment (group 3) with interdental cross 
cuts. 
The control group consists of intact animals. 
The jaw fragments were fixed by plastic surgical 
ligatures Dentaurum (Germany). In the 
postoperative period, during 7 days, the animals 
have been inserted antibiotics intramuscular. 
Experimental animals were taken out of the 
experiment by the overdose of ether at 3, 7, 14, 
21, 28, 90, 180 days. All surgeries were 
performed under general anesthesia (Zoletil 50), 
the experiment on animals was carried out in 
accordance with the principles of Good 
Laboratory Practice (National Standard of the 
"Principles of Good Laboratory Practice" GOST 
R 53434-2009) and favourable conclusion of the 
ethics committee of Stavropol State Medical 
University №34 from 12.03.2015. Removed 
from the fracture projection teeth with 
surrounding bone were fixed in 10% neutral 
formalin. Sections were stained with 
hematoxylin-eosin, by Masson, and were 

impregnated with silver nitrate by Bilshovskiy-
Gross. Received experimental material was 
treated by methods of variation statistics using 
Student's t-test with the help of medical statistics 
software package Excel 2007, Statisticafor 
Windous 5.0. The results are presented as the 
arithmetic mean and its standard error (M ± m). 
Research scientific work was carried out in the 
framework of the State task of Ministry of 
Health of the Russian Federation on the research 
and development on the topic: "Study of the 
regeneration mechanisms,  using new 
bioengineered constructions, based on 
autologous mesenchymal stem cells and 
materials-matrices of various origin" together 
with the Stavropol State Agrarian University. 
 

THE RESULTS OF THE RESEARCH 
Data, obtained in the process of experimental 
investigation, shows, that vascular disorders are 
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the most discernible in the pulp and 
periodontium of the teeth in 3-14 days after 
injury. Vessels are sharply enlarged, filled with 
blood (often up to stasis), somewhere in the 
lumen of the vessel, the thrombotic masses are 
observed. There are the tissues edema and focal 
hemorrhages throughout considerable distance. 
The walls of vessels are loosened and thickened, 
the phenomena of hyperplasia are in the 
endothelium. Thin-walled vessels of the teeth 
pulp of animals in the 1st group don’t contain 
blood, probably due to the sharp disruption of 
the blood supply and innervation. Odontoblastic 
layer is disсomplexed and deformed. Cells take 
a round shape, tightly adhering to each other, the 
number of their series is increased. The major 
part of coronal pulp odontoblasts, adjoining to 
the dentine, is necrotized. Survived cells of 
peripheral layer are the subject of vacuolation or 
the symptoms of necrobiosis.  These changes are 
less significant in the root pulp. Since the 3 days 
from the experiment beginning, there was an 
abnormal dentification with false parietal 

denticles, originated from predentin, from which 
they were rejected as irregular-shaped, lower 
organized structures, without tubules 
(nontubuled denticles). Odontoblasts, which are 
the source of denticles formation, were defined 
in the formed structures. Inessential ectasia of 
tubules had been determined in predentin and 
circumpulpar dentin by the 7th day. Throughout 
the crown and the root of the tooth, there were 
clearly visible basophilic colored globules 
(dentinal balls). There have been areas with 
petrification in the dentinal tubules and in the 
locations of odontoblasts bodies. By the 14th 
day, dentinal tubules were greatly enlarged, 
many of them, at the very beginning of its 
formation, had been divided dichotomous, the 
smallest tubules were crimped in the direction 
from the periphery to the center, losing their 
structural and anatomical structure. In some 
samples, by the 21th day, it had been determined 
the total destruction of the dentine and its 
replacement by connective tissue. 

 
c                      d 

Fig. (2). Microslides of the first experimental group for 3(a), 7(b), 14(c) and 21(d) day of the experiment.  
a – formation of nontubuled denticles. Staining by Masson. Ob.40, ok.10; 
b - petrification of dentinal tubules. Hematoxylin and eosin staining. Ob.40, ok.10; 
c - crimped dentinal tubules. Staining by Masson. Ob.100, ok.10; 
d – total destruction of predentin. Hematoxylin and eosin staining. Ob.40, ok.10. 
Odontoblastic pulp layer of animals from the 2nd 
and the 3rd groups is slightly atrophy, cells 
cytoplasm are not visible, and their nuclei are 

pyknotic. There is vacuolation and odontoblasts 
necrosis in some places. Such changes have the 
fibroblasts of teeth coronal pulp of animals from 



Histopathological Features of Periodontal Tissue and Teeth Pulp in the Area of Maxillary Fracture 
 

S.V. Sirak, et al.                                                                                                                                        523 

the 3rd group. In the root pulp of teeth of animals 
from all experimental groups, there is an 
increase of collagen fibers with a relatively 
small decrease of cellular elements. There are 
focal or diffuse infiltrates, mainly from 
segmented leukocytes. Periodontium is edematic 
near the roots, located directly on the line of 
fracture. Leukocyte infiltration, extending to the 
intramedullary areas, was also identified. 
Collagen fibers had focal indurations and looses. 
Teeth cement and osseous structures has been 
actively resolving. In some places, osteonecrosis 
signs were detected. In the process of 
neurohistological research of the pulp and 
parodontium of teeth, we defined non-
homogenous impregnation, vacuolization and 
varicose along the axons of nerve fibers. 
Fragmentation and granular disintegration of 
thick nerve fibers was detected mainly in the 

pulp of the teeth of the 1st group animals. 
However, there were many fine intact nerve 
fibers in the studied tissues. In 7 and 14 days 
after the injury, the teeth pulp in 3 of 7 animals 
from the 3rd group had been necrotized. That 
might be caused by a sudden and irreversible 
violation of blood supply and pulp innervation. 
Dystrophic changes had been markedly 
increased in parodontium and pulp of the teeth, 
located in the line of the upper jaw fracture after 
28 and 90 days. They were quite well defined in 
a more distant time (180 days). In teeth with 
preserved pulp, congestive hyperemia combined 
with a lot of blood clots and hemorrhages. It had 
been observed the process of pulp scarring (not 
only the matrix, but also the supplying blood 
vessels) attaching by bundles of coarse collagen 
fibers. Some of the, in 90-180 days after injury 
had been resolved. 

Fig. (3). Microslides of the second and third experimental group for 21(a), 28(b), 90(c) and 180(d) day of the 
experiment.  
a - swelling and disruption of the pulp tissues. Hematoxylin and eosin staining. Ob.20, ok.10; 
b - lymphocytic infiltrate in the root section of the pulp. Staining by Masson. Ob.100, ok.10; 
c - scarring in the pulp. Painting Masson. About. 20, approx. 10; g - sclerosis root pulp. Staining by Masson. 
Ob.20, ok.10; 
d – root pulp sclerosis. Staining by Masson. Ob.20, ok.10. 
Some small vessels are obliterated; and the walls 
of larger diameter vessels, especially in the root 
pulp, are hyalinized. The number of rows of 
odontoblastic layer cells of coronal pulp in 

animals from the 2nd and the 3rd group, 
increased to 20-40, while in animals from the 1st 
group, this was less noticeable. Many cells are 
necrotized, cytoplasm is not defined in 
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remaining cells, the nuclei are sharply 
picnotized. In addition, there are many small 
cavities, separated by acellular intersections, 
some of which contain small cells. In the 
odontoblastic layer of root pulp, these changes 
combine with its atrophy. In the peripheral and 
central sections of the coronal pulp, beginning 
from the 21st till the 180th day, progressive 
cellular dystrophy had been detected. The 
phenomena of sclerosis and hyalinosis had been 
defined in the root pulp. In terms of 21 and 28 

days, in parodontium of all groups, along with 
inflammatory processes, it had been determined 
similar phenomena of collagen bundles 
induration and hyalinosis, especially in the long-
term period. In parallel to the process of 
resorption of bone material and cement, there 
was his neoformation on the edges of the 
respective structures, so the periodontal gap 
became uneven, ragged. 
 

Table 1: The morphometric analysis of upper jaw parodontium in animals of the first experimental group 

Quantitative criteria, % Observation time, days 
 21 28 90 180 

The dimension of trabecular bone 28,2 23,7 18,9* 7,8* 
The surface of total resorption 13,2 23,9 11,5* 14,8** 

The surface of the osteoclast resorption 11,3** 13,7 14,6** 28,9** 
Note: *values are valid in comparison with the parameters of animals from the second experimental group, p 
<0,05; ** values are valid in comparison with the parameters of animals from the third experimental group, p 
<0,05 
Intramedullary areas had been narrowed, and 
some of them by the 180th day had been 
completely obliterated. This process is the most 
represented near the roots, the most distant from 
the fracture slit. Despite the fact, that most of the 
pulp nerve fibers for the 21st and the 28th days 
was subjected to fragmentation and granular 
disintegration, until the end of the experiments 
in the root pulp and in parodontium, intact, 
single, thin, autonomic nerve fibers had been 
saved. The regeneration of nerve fibers was not 
detected in either group even after 180 days 
from the start of the experiment.                                                                                                                       
 

DEDUCTIONS 
The results of experimental and morphological 
studies showed, that parodontium and pulp of 
the teeth, located in the line of the upper jaw 
fracture, had deep inflammatory and dystrophic 
changes. In case of maxillary fracture with the 
infraorbital neurovascular injury, all examined 
front cutting teeth had the pulp necrosis by the 
28th day. The chewing teeth had the pulp 
necrosis in 16 (9,5%) of 168 teeth, indicating a 
high compensatory and adaptive capabilities of 
the pulp. In the majority of cases, in all three 
experimental groups, significant degenerative 
changes in parodontium were revealed. At the 
same time, as shown by the results of studies, 
fracture healing was never complicated by 

traumatic osteomyelitis, the consolidation of 
maxilla fragments was, on average, for 30-40 
days.                                                                                       
 

CONCLUSION 
Thus, intact teeth, located in the line of upper 
jaw fracture, in most cases, do not complicate 
healing and can be saved. The resulting necrotic 
changes in pulp of such teeth are the indication 
for its extirpation, which should be carried out 
for the prevention of inflammatory 
complications.                                                                                      
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