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Radiological and morphological substantiation of using compression 
osteosynthesis for treating cranial bone fractures. Experimental canine data
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Оптимизация условий заживления переломов костей черепа остается актуальным направлением современной травматологии и ортопедии. 
Цель. Изучение влияния компрессии на репаративный остеогенез при приживлении резецированных лоскутов костей свода черепа. Материалы 
и методы. На 20 взрослых беспородных собаках выполнены 2 группы экспериментов с соблюдением всех требований Европейской конвенции 
по защите позвоночных животных. Собакам первой группы (n=10) резецировали 2 участка костей свода черепа (каудальный лоскут сохранял 
связи с окружающими мягкими тканями, краниальный - нет) прямоугольной формы размерами 1,9×1,5 см, укладывали их на прежнее место и 
осуществляли фиксацию с компрессией с помощью тонких спиц с упорными площадками к медиальному краю дефекта с применением метода 
чрескостного остеосинтеза. Компрессию создавали путем натяжения фиксирующих спиц с усилием 40 кг. Во второй группе (n=10) костные 
лоскуты укладывали в дефект без фиксации. Исследования (клинические, рентгенологические и гистологические) проводили через 7, 14, 21, 28 и 
60 суток после операции. Результаты. Выявлено, что компрессия, создаваемая на стыке краев свободных костных фрагментов и дефекта плоских 
костей свода черепа, способствует формированию костной ткани в более ранние сроки. Заключение. Полученные в настоящем исследовании 
результаты явились основанием для использования методики чрескостного компрессионного остеосинтеза при лечении пациентов с переломами 
костей черепа в клинических подразделениях нашего Центра. 
Ключевые слова: кости свода черепа, перелом, сращение костных фрагментов, чрескостный компрессионный остеосинтез. 

Optimizing the conditions for cranial bone fracture healing remains to be a relevant field of the current traumatology and orthopaedics. Purpose. To study 
the impact of compression on reparative osteogenesis when engrafting the resected flaps of calvarial bones. Materials and methods. Two groups of 
experiments performed in 20 adult mongrel dogs complying with all the requirements of the European Convention for the Protection of Vertebrate Animals 
used for Experimental and other Scientific Purposes. Dogs from Group 1 (n=10) underwent resection of the two sites of calvarial bones (the caudal flap 
preserved connections with surrounding soft tissues, the cranial flap – not preserved) of rectangular shape and 1.9×1.5 cm by size, they were laid into their 
former place and fixation performed with compression using thin wires with stoppers to the medial defect margin by transosseous osteosynthesis method. 
Compression produced by tightening fixing wires with the force of 40 kg. In Group 2 (n=10) bone flaps were laid into the defect without fixation. The 
investigations (clinical, radiological and histological) performed 7, 14, 21, 28 and 60 days after surgery. Results. Compression produced at the junction of 
the margins of free bone fragments and calvarial flat bone defect revealed to contribute to bone tissue formation in earlier periods of time. Conclusion. The 
results obtained in the present study formed the basis for using the technique of transosseous compression osteosynthesis in treatment of patients with 
cranial bone fractures in clinical departments of the Center. 
Keywords: calvarial bones, fracture, union of bone fragments, transosseous compression osteosynthesis. 

INTRODUCTION

 D'iachkov A.N., Gorbach E.N., Mukhtiaev S.V., Chirkova A.M. Radiological and morphological substantiation of using compression 
osteosynthesis for treating cranial bone fractures. Experimental canine data // Гений ортопедии. 2016. № 1. С. 70-77.

In natural conditions, fractures of the skull in children 
can heal fast if not displaced whereas the fractures of the 
human skull bones in adults either do not heal or take long 
time to heal [1]. It also refers to skull bone flaps following 
cranioplasty or trepanation. A tight contact between the 
edges is the key condition for cranial fracture or flap healing 
[2, 3]. As for cranial defects, it was proven experimentally 
that they did not show any restored histological or 
typical bone organic structures in their gaps if additional 
stimulation had not been applied [4]. 

Different fixation options were offered and used for 
cranial bone fixation [3, 5-8]. The possibility to manage 
cranial defects by means of fragment transport within 
the defect was also shown [9]. There were some more 

experimental studies that used distraction osteogenesis for 
calvarial defect management [10]. 

Nowadays, a lot of research has been done worldwide 
to study and accelerate calvarial repair. Various means were 
proposed for promoting regeneration of calvarial bones 
including bone stimulating substances, mesenchymal cells 
or autologous periosteal cells, bone protein fractions, low-
intensity pulsed ultrasound, and some other solutions [11-27]. 

However, the search for optimal ways to heal 
calvarial fractures and defects remains open. Therefore, 
we studied the impact of compression on reparative 
osteogenesis of the calvarium during the healing of a 
free resection bone flap using a canine experimental 
model and external fixation. 
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MATERIALS AND METHODS

Our study used sixteen experimental adult mongrel 
dogs in the age from one to two years old and weighing 
from eight to 10 kg that were divided into group 1 (n=8) 
and control group 2 (n=8). Two bone flaps were resected in 
the calvarium of each animal. 

In group 1, the technique ran as follows. Two 1.5‑mm 
Kirshner wires were drilled through the frontal bone 
tuberosity and crossed at an angle of 90 to 120 degrees 
(Fig 1). One more wire passed in the frontal plane through 
the occipital crest. Those wires were attached to the Ilizarov 
apparatus ring through wire fixation bolts and were tensioned 
using a wire tensioner with the force from 80 to 100 kg. Then, 
soft tissues on the head were cut along the sagittal line. On 
the left side from the line, the soft tissues were lifted and a 
rectangular free bone flap was resected which sized 1.9×1.5 
cm. One more rectangular bone flap of the same size was cut 
below the first one in the caudal direction. But it remained 
linked to the underlying soft tissues. Both the free bone flap 
and the non-free bone flap were re-embedded. Two 1-mm 
Kirshner wires were bent Z-like at 90 degrees before they 
had been inserted into the flaps. Then they were drilled into 
the flaps in such a way that the wire bending could press the 
lateral flap side. The thin wires were fastened to the Ilizarov 
apparatus ring and compression equal to 40 kg was applied 
in the medial direction to the maternal bone rim using a 
graduated wire tensioner from the Ilizarov fixator set.

Fig. 1. Diagram of bone flaps and their fixation with wires

Similar bone flaps were produced in the control group 
2 (n=8) and fixed in the same way as in the study group but 
no compression was used in that group. 

All the dogs were well cared during the experiment. 
We observed their behavior, appetite, and mobility. Special 
care was taken to treat the wounds and the skin round the 
wires. Due to head trauma, the dogs started to move on 
the second postoperative day and conducted themselves as 
usual following one week post- surgery. 

Radiographic images were taken every week of the 
experiment with the aids of the Premium Vet system 
(Sedecal S.A., Madrid, Spain). 

Two dogs from each group were euthanized after 
seven, 14, 28 and 60 postoperative days using the lethal 
doses of sodium thiopental. After euthanasia, the skull 
area that included bone flaps was separated alongside 
with the surrounding maternity bone and dura mater. The 
harvested material was fixed in a 10 % solution of neutral 
formalin for 20 days. Upon the period of decalcination 
in the hydrochloric and formic acids, the segments on 
each docking side of the free bone flaps with the adhered 
maternity bone and the area between the two bone flaps 
were cut out. Dehydration of the harvested segments in the 
alcoholic solutions of ascending concentrations followed, 
and upon its completion the segments were placed into 
celloidin. 

Histologocal sections were prepared using a sledge 
microtome (Reichert-Jung, Germany). They were 
stained with haematoxilin/eosin (Serva GbH, Germany). 
The histological study was performed on a big Opton 
microscope (Carl Zeiss, Germany). Digital images of the 
histological sections were processed using the DiaMorph 
complex (DiaMorph, Russia). 

Interventions, animal care and euthanasia conformed 
to the requirements of the European Convention for the 
Protection of Vertebrate Animals used for Experimental 
and other Scientific Purposes (Strasbourg, 18.03.1986); 
Principles of laboratory animal care (NIH publication No. 
85-23, revised 1985), as well as the national laws. 

The study was approved by the ethics board of the 
institution. 

RESULTS

This paper presents the results that refer to the 
calvarial free bone flap repair. We obtained the following 

radiographic and morphological findings at the time-points 
studied (Table 1).

Table 1
Radiographic and morphological findings of resection free bone flap repair at the time-points studied

Experiment 
time-point

Group 1 Group 2
X-ray findings Histological findings X-ray findings Histological findings

Day 7

Hardly visible 
fissure between the 
medial flap edge 
and the maternal 
bone; clearly seen 
fissures at other 
three flap edges 
with light shadows 
inside them 
(Fig. 2, a).

Slightly detected fissure between the 
medial flap edge and maternal bone; 3-mm 
gap filled in with granulation tissue at 
lateral flap edge; lack of nuclei in some 
of free bone flap osteocytes; thin layer of 
reticulofibrous bone tissue on the lateral 
flap surface; loose fibrous connective tissue 
of high cell density along the posterior flap 
edge; hematoma between the dura mater 
sheath and the flap; microvessels and loose 
connective tissue between the flap and the 
dura mater sheath; osteogenic response 
of the endosteum cells of the flap and 
maternal bone (Fig. 3, a).

Clearly visible 
fissures between 
the maternal 
bone and the 
free flap on all 
four sides and 
light shadows in 
them (Fig. 2, b).

Average gap of 2 mm between 
the medial edge of the flap and 
the maternal bone with loose 
connective tissue of high cell 
density and areas of granulation 
tissue inside it; lateral gap of 
approximately 1 mm filled in with 
loose connective tissue; lack of 
nuclei in some of free bone flap 
osteocytes; osteogenic response 
of endosteum cells of the flap and 
maternal bone (Fig. 3, b).
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Day 14

More expressed 
gap between the 
medial flap edge 
and maternal 
bone due to bone 
resorption caused 
by compression; 
increased shadows 
in other three gaps 
between the maternal 
bone and the flap 
edges (Fig. 4, a).

0.5 to 0.7-mm gap between the medial 
flap edge and the maternal bone; loose 
connective tissue and reticular fibrous 
bone tissue in it; one to 1.5-mm thick 
bone substance layer on the maternity 
bone from the side of the medial flap 
edge presented as trabecular bone 
tissue of reticular fibrous structure; 
wide layer of well vascularised 
connective tissue and big foci of 
hemorrhage between the flap and the 
dura mater (Fig. 5, a).

Clearly 
visualized gaps 
between the 
free flap and the 
maternal bone 
on all the sides 
(Fig. 4, b).

0.2-0.6-mm wide gap between 
the maternity bone and the medial 
free flap edge filled in by mainly 
connective tissue with some 
reticular fibrous bone areas due 
to weak endosteal and periosteal 
response; lack of nuclei in some 
of free bone flap osteocytes; 
wide layer of well vascularised 
connective tissue bound to the 
dura mater (Fig. 5, b).

Day 28

Marked shadows 
of the regenerated 
bone well observed 
in the gap between 
the medial flap 
edge and the 
maternal bone (Fig. 
6, a).

Trabecular bone tissue in the gap 
between the medial free flap edge 
and the maternity bone; prevailing 
connective tissue in the lateral gap; 
lack of nuclei in some free bone flap 
osteocytes; fibrous reticular tissues and 
fat bone marrow in the intertrabecular 
spaces; resorption of the lateral 
maternal bone edge; well vascularized 
connective tissue on the interior flap 
surface bound to the dura mater (Fig. 
7, a).

Slight shadows 
in the gaps 
along all sides 
of the free flap 
(Fig. 6, b).

6-mm gap between the free flap 
medial edge and the maternal 
bone, vascularized connective 
tissue in the gap between the 
lateral flap edge and the maternal 
bone; thin bone substance on the 
maternal bone edges; unstained 
osteocytes nuclei; marked 
endosteal osteogenesis on the free 
flap edges; osteoclastic resorption 
on the exterior flap surface; 
connective tissue on the inferior 
surface bound to the dura mater 
(Fig. 7, b).

Day 60

Almost invisible 
docking between 
the medial side of 
the free flap and 
the maternal bone, 
small fissures at 
the other three flap 
sides (Fig. 8, a).

Bone union between the medial side 
of the free flap and the maternal bone; 
connective tissue in the gap at the lateral 
free flap side; hemopoietic fat bone 
marrow, areas of reticular tissue and 
capillaries of sinusoid type with widened 
lumena in the intertrabecular spaces of 
the regenerated bone featuring trabeculas 
of laminar structure (Fig. 9, a).

Marked gap 
between the 
medial side of 
the free flap and 
the maternal 
bone (Fig. 8, b).

Union through bridging with 
mixed osseous and connective 
tissues between the medial side of 
the free flap and the maternal bone 
(Fig. 9, b).

Continued Table 1
Radiographic and morphological findings of resection free bone flap repair at the time-points studied

Fig. 2. X-rays on day 7 after the surgery: a – group1, b – control group 2

Fig. 3. Histological finding on day 7: a – connective tissue ingrowth from the side of the dura mater, trabeculae of the reticulofibrous bone 
tissue on the surface of the sawn section; b – endosteal response in the free flap in group 2. Hematoxilin and eosin staining. Magnification × 63
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Fig. 4. X-rays on day 14 after the surgery: 
a – group1, b – control group 2

Fig. 5. Histological findings on day 14: a – bone regeneration on the maternal bone surface at the medial flap side in group 1; b – bone 
trabeculae on free bone flap section and connective tissue in the gap in group 2. Hematoxilin and eosin staining. Magnification × 63

Fig. 6. X-rays on day 28 after the surgery: 
a – group1, b – control group 2

Fig. 7. Histological findings on day 28: a – bone trabeculae oon the free bone flap section surface in group1; b – connective tissue in the gap 
between the medial edge of free flap and maternal bone in group 2. Hematoxilin and eosin staining. Magnification × 63
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Fig. 8. X-rays on day 60 after the surgery: 
a – group 1, b – control group 2

Fig. 9. Histological findings on day 60 after the surgery: a – bone union at the medial free bone flap side in group 1; b – union through bone 
and connective tissue in group 2. Hematoxilin and eosin staining. Magnification × 63

There were no any signs of brain sheath or matter 
inflammation in any of the dogs. Wounds healed with 

primary intention. Some serous discharge round wires was 
regularly treated with antiseptic solutions. 

DISCUSSION

Calvarial bones feature low capacity for regeneration 
[2, 4]. Posttraumatic histogenesis in the calvarium runs as a 
replacement regeneration that results mostly in the fibrous 
connective tissue [4]. Our experiment showed that even two 
months after the start of the experiment this phenomenon 
was observed and continued in the control group. 

The studies that had used other experimental models for 
studying cranial bone regeneration showed that the main 
source of regeneration in the cranium was the periosteum [2, 
27, 28]. In a growing organism, the dura mater was shown 
to be involved into regeneration process alongside with the 
periosteum. [2, 27]. Our study revealed that the cambium 
osteogenic cells of the periosteum, endosteum as well as 
poorly differentiated perivascular cells under resorption at 
the rims of the maternity bone and bone flaps participated in 
the healing process that featured osteogenic differentiation. 
However, this process was more active under compression. 

It is known that bone repair depends on several 
mechanical signals that include stability of fixation and the 
force that is transmitted to the fracture site during loading 
[29, 30]. Those signals have an effect on the quality of new 
regenerated bone and velocity of neoosteogenesis. In our 
series, compression was the main mechanical stimulus 
for free bone flap repair. However, the morphological 
difference of bone repair between the groups at seven days’ 
time-point of the experiment was minimal, but the width 
of the gaps was different in the groups due to compression 

loading for tighter contact of the medial free bone flap 
side with the maternal bed in group 1. Nevertheless, the 
differences in the morphogenesis between the bone and 
connective tissues were clearly seen in the gaps on the 
following stages of the experiment. 

It is also known that the mechanical impact on the cell 
level is similar to the effect of bone morphogenic proteins 
(BMP) and has an influence on cell proliferation and 
differentiation [31]. It inevitably alters the binding links 
of the receptors with the proteins of the extracellular bone 
matrix. The redistribution of the balance of the mechanical 
forces in the cells that is caused either by the mechanical 
impact or the interrelationship of cell receptors with the 
proteins of the extracellular bone matrix involves the cell 
structures, in particular, the structural reorganization of 
the cytoskeleton components. Moreover, the mechanical 
loading induces the increase of the content of the mechano 
growth factor (MGF) and its receptors in osteogenic 
cells that finally influence cell proliferation due to this 
mechanical effect [32, 33]. Those findings in our study 
were reflected by the increase in the density of poorly 
differentiated cells in the gap connective tissue in the early 
experiment periods, more expressed in group 1.

The pushing mechanism of any bone repair is bone 
injury that results in the intensification of osteoclastic 
resoption [34]. Alongside, non-collagen proteins or BMPs 
that regulate osteogenesis are released thereby [35]. Poorly 
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differentiated perivascular cells or pericytes are the target 
cells for osteoinductive BMPs, and that chain results in the 
transformation of the pericytes into preosteoblasts [36]. 
In our opinion, the compression created by the external 
device provided bone resoption and additional release of 
those proteins on the one hand. On the other hand, the 
reduced distance between the medial free flap side and 
the maternal bone became more optimal for the action 
of those osteogenesis regulating proteins. The increase 
of osteoclastic resorption in group 1 with the use of 
compression osteosynthesis initiated the reparative process 
in the periosteum and endosteum that was expressed by 
trabecular areas structured as reticular fibrous bone tissue 
on the surface of the rims at the compression docking site 
on day 14, whereas the periosteal and endosteal responses 
were observed only in the flap itself in the control group 2.

The studies show that the healing of calvarial defects 
and fractures depends on the activity of angiogenesis in 
the area of injury [37-39]. Timely neovascularisation 
promotes intramembraneous osteogenesis. We found a 
large number of capillary-type vessels in the gap under 
compression and reticular fibrous bone tissue in that area 
on day 28 of the experiment. Therefore, we suppose that 
compression promoted the VEGF release resulting in 
better revascularisation and osteogenesis in group 1.

We conclude that compression that is created at the 
junction of the calvarial free bone flap and maternal bone 
promotes early bone formation. Our experimental findings 
could be used in clinical settings for repair of calvarial 
fractures and trepanation defects. This compression effect 
on calvarial repair may be created by other methods of 
bone fixation. 
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