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The aim: to conduct a comparative study of osteoreparative regeneration, namely in the periosteal and intermediate 
areas of the cortex, during intramedullary osteosynthesis of the femur of rats with and without reaming of the bone 
marrow canal. 
Materials and methods. The work is based on the results of an experimental study conducted on 56 white mature la-
boratory rats, which simulated diaphyseal fracture of the femur and performed stable nail osteosynthesis with reaming 
of the bone marrow canal in the first series and without reaming in the second series of the experiment. Histological 
examination of the specimens was performed on the 7th, 14th, 28th and 90th day after surgery. 
Results. The procedure of reaming the bone marrow canal reduces the potential reparative capacity of bone tissue in 
the endosteal area and leads to “distorted” activation of the process of the cortex restructuring. There is a significant 
activation of osteoclastic resorption. 
Conclusions. Bone fusion is more active with the use of intramedullary fixator without reaming of the bone marrow 
canal, because its reaming reduces the manifestations of reparative potentials in the endosteal region and leads to ex-
cessive activation of the resorptive process of restructuring the cortex of both endosteal and central part 
Keywords: intramedullary osteosynthesis, nail, osteogenesis, reaming, bone marrow canal, osteoblasts, osteoclasts, 
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1. Introduction 
Osteosynthesis of diaphyseal fractures of the 

bones of the extremities with blocked nails is possible in 
two ways: with the technology of reamed nail or without 
reaming (unreamed nail). Clinicians do not point to the 
convincing advantages of using intramedullary blocked 
nails with bone marrow reaming technology compared to 
osteosynthesis without reaming [1]. There are only a few 
reports in which specialists in trauma surgery indicate a 
risk of increased bone temperature when reaming the 
canal to 70 °C, which leads to its necrosis, others note an 
increase in temperature to only 51.6 °C and do not state 
bone necrosis [2]. There is also no convincing evidence 
of disorders of reparative bone regeneration using two 
controversial technologies, namely, the likelihood of 
delayed fusion of bone fragments. Some authors note an 
increase in the period of consolidation of bone fragments 
in osteosynthesis without reaming of the bone marrow 
canal [3, 4], while others, on the contrary, note the opti-
mization of reparative osteogenesis without its reaming 
[5, 6]. A number of authors point out the expediency of 
using the technology of reaming the bone marrow canal 
[7, 8], indicating that the bone chips that occur are plastic 
material.  

However, many experts do not see a significant 
difference between reaming [9] and non-reaming of the 
bone marrow canal [10, 11]. To resolve these contradic-

tions, we consider it appropriate to conduct further re-
search [1, 12]. 

When fractures heal, three types of regenerates 
are formed – periosteal, intermedial and endosteal, and 
the formation of periosteal regenerate is closely depend-
ent on the formation of endosteal regenerate [13]. It is 
probable that in the conditions of intramedullary osteo-
synthesis reparative osteogenesis takes place during the 
formation of two “powerful” types of regenerates – peri-
osteal and intermedial, as evidenced by isolated reports 
in the literature [14, 15]. Therefore, the peculiarities of 
reparative osteogenesis of bone tissue using two different 
technologies of osteosynthesis of diaphyseal fractures 
and became the subject of the research. 

The aim of the work – to conduct a compara-
tive study of osteoreparative regeneration, namely in 
the periosteal and intermedial areas of the cortex, dur-
ing intramedullary osteosynthesis of the femur of rats 
with reaming of the bone marrow canal and without 
reaming. 

 
2. Materials and methods 
To study bone repair, an experiment was per-

formed on 56 white mature (6 months of age, live weight 
280–310 g) laboratory rats of the WAG line in the exper-
imental biological clinic of Kharkiv National Medical 
University from January 2 to March 27, 2019. 
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Surgical interventions on animals were performed 
in aseptic operating room in compliance with all rules of 
humane treatment of animals, in accordance with  
EU Directive 2010/63/EU on the protection of animals 
used for scientific purposes and the minutes of the meet-
ing of the Ethics and Bioethics Commission from Octo-
ber 3, 2018). 

The diaphyseal fracture of the rats femur was 
simulated by osteotomy and stable osteosynthesis was 
performed with a pin made of certified metal. The study 
of reparative osteogenesis was performed in 2 series of 
experiments: 

– 1 series – stable osteosynthesis with a pin with 
reaming of the bone marrow canal (28 rats – 7 rats for 
each study period). 

– 2 series – stable osteosynthesis with a pin with-
out reaming of the bone marrow canal (28 rats – 7 rats 
for each study period). 

Animals were removed from the experiment by 
quadruple xylazine overdose (8 mg/kg intraperitoneally) 
on days 7, 14, 28, and 90 after surgery. 

For histological examination of the reparative 
process and analysis of the bone outside the fracture 
area, the femurs of rats (with a regenerated area) were 
isolated and fixed in a solution with a mass fraction of 
neutral formalin of 10 % for 2 days. The bones were 
decalcified in a solution with a mass fraction of nitric 
acid of 4 % at a temperature of from 18 to 22 °C, after 
which the clamp was carefully removed. After decalci-
fication, the bones were dehydrated in alcohols of in-
creasing strength (50°, 70° alcohols and twice at 96°) 
and in alcohol with ether (1:1 solution), enclosed in 
celloidin. Histological longitudinal central sections  
(5–7 μm) were made on a Reichert sled microtome and 
stained with haematoxylin and eosin, as well as picro-
fuxin according to Van Gieson. 

 
3. Research results 
The study identified the features of reparative os-

teogenesis of bone tissue in different conditions of in-
tramedullary osteosynthesis of fragments, which are as-
sociated with two different surgical technologies for im-
plantation of intramedullary fixator. 

Bone tissue in the intermedial fracture zone in an-
imals of the second series appears on the 14th day, in 
contrast to the first series, where bone tissue in the re-
generate was verified only on the 28th day (Fig. 1). 

Osteogenic fibroreticular tissue in the intermedial 
regenerate was represented by fibroblastic diferon cells 
and osteoblasts arranged in clusters. Osteoblast foci were 
determined on the territory of the endosteum.  

The presence of such foci of osteoblasts, in con-
trast to the animals of the previous series, may be associ-
ated with the proliferation of stromal cells of the bone 
marrow, the remnants of which were observed in the 
cerebral canal. In some places in the cortex there were 
signs of remodelling, which were associated with the 
presence of dilated bone vascular canals filled with fibro-
reticular tissue and foci of newly formed bone tissue, as 
an imprint of local regeneration of microtraumatized 
bone (Fig. 2). 
 

 
 

Fig. 1. The interstitial fissure is filled with newly formed 
bone trabeculae and fibroreticular tissue. 2 series,  

14th day. Haematoxylin and eosin, ×200 
 

 
 

Fig. 2. Dilated bone vascular canal filled with fibrore-
ticular tissue and foci of newly formed bone tissue.  
2 series, 14th day. Haematoxylin and eosin, ×400 

 
The morphological picture of bone fragments in 

the area of osteotomy in animals of the 1st series at this 
observation period was significantly different. The edg-
es of the bone fragments lost their clarity, osteocytes 
were not detected in the marginal areas of the frag-
ments. Vascular canals in the bone near the experi-
mental fracture were dilated only in small areas. In 
some of them, fibroblastic diferon cells and blood ves-
sels were located. 

Remains of a blood clot in the form of fibrin-like 
masses and narrow layers of granulation tissue were not-
ed along the inner edge of the endosteal cortex (in the 
bone marrow canal). In the granulation tissue located 
between the fixator and the endosteal surface of the cor-
tex, mainly fibroblastic diferon cells, thin collagen fibers 
that formed a disordered network, and single lymphoid 
cells and macrophages were observed. Osteoclasts with 
three or four nuclei were found on the endosteal surface 
of the bone in shallow recesses. The presence of osteo-
clasts on the surface of the bone indicates the activity of 
remodelling processes, which run on the type of osteo-
clastic resorption, which can contribute to the thinning of 
the cortex (Fig. 3, a, b).  
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On the 28th day in the animals of the 2nd experi-
mental series, the intermedial regenerate, which connect-
ed the bone fragments, is represented mainly by a fine-
loop network of bony trabeculae of lamellar structure 
(Fig. 4). 

In animals of the 1st series in 28 days in the area 
of osteotomy fibroreticular tissue, chondroid foci, coarse-
grained bone trabeculae are found (Fig. 5). 

 

 
а 
 

 
b 

Fig. 3. Osteoclasts on the surface of the endosteal part of 
the cortex. Empty lacunae of osteocytes. Granulation 
tissue with a significant density of fibroblastic diferon 

cells, lymphocytes and macrophages: a – increase ×100;  
b – increase ×400. 1 series, 14th day.  

Haematoxylin and eosin 
 

The latter sprouted from the periosteum and 
formed an intermedial regenerate. The cartilage cells in 
the chondroid were large with weakly basophilic stained 
nuclei. The chondroid in the interfragmental area was 
interspersed with fibroreticular tissue, in which fibro-
blasts of different maturity located between the bundles 
of collagen fibers were found. The tight connection of 

the intermedial regenerate with the maternal bone was 
observed only in some areas. 

The periosteal surface of the cortex in animals of 
the 2nd series was almost completely rebuilt and was 
represented by a fibrous layer with thick bundles of col-
lagen fibers with single fibroblasts between them  
(Fig. 6). 

 

 
 

Fig. 4. Fine-loop mesh of bone trabeculae of lamellar 
structure in the interstitial fissure. 2 series, 28th day. 

Haematoxylin and eosin, ×400 
 

 
Fig. 5. Large-loop mesh of bone trabeculae in the perios-
teum. Fibroreticular tissue and areas of chondroid with 
high cell density. 1 series, 28th day. Haematoxylin and 

eosin, ×200 
 

 
Fig. 6. Thickened periosteum with developed osteo-

blastic and fibrous layers. 2 series, 90 days. Haematoxy-
lin and eosin, ×400 
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In experimental animals of the 1st series, the en-
dosteal surface of the cortex, which bordered on the fix-
ator, had signs of pronounced rearrangement. The mar-
ginal parts of the cortex had uneven contours in the form 
of patterns (Fig. 7), which are a reflection of the reaming 
of the cerebral canal with the introduction of the fixator 
and the activity of osteoclasts. Between the removed fix-
ator and a bone there is a connecting fabric in which ter-

ritories without cells, and in places of a site with the 
increased density of blood vessels are noted. Bone tra-
beculae formed a fine-loop mesh. This led to an in-
crease in the width of the diaphysis. In places, the com-
pact bone had almost a structure similar to spongy bone 
(due to a significant expansion of vascular channels) 
with the formation of large resorption spaces filled with 
red marrow.  

 
 

 
Fig. 7. A fragment of the femur with a significant rearrangement of the cortex. Large resorption lacunae on the endoste-
al surface of the cortex. Layers of connective tissue between the cortex and the fixator. 1 series, 90th day. Haematoxylin 

and eosin, ×250 
 

Bone regeneration was observed in only three an-
imals out of seven, but complete reorganization of the 
bone regenerate, which would correspond to the structure 
of the maternal cortex, does not occur. In most animals, 
the regenerate was represented by both bone tissue and 
chondroid, in some cases, with foci of ossification. 

 
4. Discussion of research results 
It is known that fractures form three types of re-

generates – periosteal, intermedial and endosteal [13, 
14]. As a result of our study, it was found that regenera-
tion under conditions of intramedullary osteosynthesis 
occurs during the formation of two types of regenerates - 
periosteal and intermedial. In this regard, a comparative 
study of the course of regeneration, namely in the perios-
teal and intermedial areas of the cortex. 

It is established that bone fusion is more active 
when using an intramedullary fixator without reaming 
the bone marrow canal. This is confirmed by the appear-
ance of bone tissue in the intermedial fracture zone in 
animals of this series on the 14th day, in contrast to the 
first series, where bone tissue in the regenerate was rec-
orded only on the 28th day, and the vast majority of ani-
mals on the 90th day with bone structure of intermedial 
regenerate. This may be due to the fact that the introduc-
tion of an intramedullary fixator without reaming the 
canal helps to preserve areas of the bone marrow that 
contains polypotent stromal cells, which are an additional 
component to increase the osteoblastic pool of cells on 
the endosteal surface and in the intermedial regenerate. 

Comparing the morphological pictures of the intermedial 
regenerate on the 28th day, it was found that the area of 
bone tissue in it was 2.6 times larger than in the first se-
ries of the experiment. 

A study of the formation of periosteal regenerate 
as part of the fusion of bone fragments was also per-
formed. It is known that the periosteal regenerate acts as 
a “provisional” structure. It is established that the restruc-
turing of the periosteal regenerate occurs at an earlier 
date in animals with regeneration in the conditions of 
introduction of the fixator into the bone marrow canal 
without its reaming. This is due to the fact that the ani-
mals of this series form a stronger intramedullary regen-
erate. It is known that in conditions of partial or complete 
absence of endosteal regenerate, in the early stages of 
regeneration, the formation of a more powerful periosteal 
regenerate was recorded [14], which took place in studies 
in a series of experiments with bone marrow reaming and 
intramedullary fixation. 

Important in the performance of intramedullary 
osteosynthesis is the study of the structural organization 
of bone fragments. It is established that reaming of the 
bone marrow canal reduces the manifestations of repara-
tive potentials in the endosteal area and leads to activa-
tion of the process of restructuring the cortex not only in 
the endosteal part (inner general plates), but also in the 
central areas – the osteonic layer of the cortex. Thus, 
under the action of reaming, there is an activation of os-
teoclastic resorption, which is accompanied by the ap-
pearance of resorption-type cavities on the endosteal sur-
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face of the cortex. This leads to the formation of large 
resorption cavities in the areas of the inner general plates 
and the osteonic layer of the cortex, usurpation of the 
endosteal part of the cortex, accompanied by its thinning. 
The formation of resorption cavities in the cortex can be 
considered as a compensatory reaction of the bone under 
difficult conditions, which is affected not only by trau-
matic injury (simulated fracture), but also by reaming of 
the bone marrow canal and the action of a metal retainer. 

A similar direction of the process of compensato-
ry remodelling of bone tissue took place when the fixator 
was inserted into the bone marrow canal without ream-
ing, but the manifestations of disorders in the cortex were 
much smaller. Yes, we did not observe the formation of 
endosteal regenerate. Fracture healing actually occurred 
due to the development of periosteal regenerate, which 
was represented by a network of bone trabeculae. They 
formed on the surface of the periosteum structures simi-
lar to “boxes”. However, as shown in our studies, and 
based on the results of studies by other specialists, the 
formation of periosteal regenerate is closely dependent 
on the formation of endosteal regenerate [14]. 

To date, the role of the yellow bone marrow in re-
parative osteogenesis has not been fully elucidated, as the 
latter is subject to total damage during bone marrow ca-
nal reaming. In our opinion, the yellow bone marrow is a 
powerful depot of stromal stem cells of mesenchymal 
origin, and adipocytes of the yellow bone marrow are a 
source of osteogenic stem stromal cells. 

Study limitations. The study was limited to the 
criteria for inclusion of animals in the experiment  
(56 white adult laboratory rats aged 6 months, live 
weight 280–310 g WAG line), simulated injury – diaph-
yseal fracture of the femur and subsequent surgery – in-
tramedullary osteosynthesis with and without reaming of 
the bone marrow canal. 

Prospects for further research. Further quantita-
tive studies of multipotent stromal stem cells localized in 
the yellow bone marrow and their role in the reparative 
osteogenesis of bone tissue are promising. It is likely that 
such studies will explain in more detail the decrease in 
the reparative capacity of the bone tissue of rats, the fixa-
tion of fragments of which was carried out with the 
reaming of the bone marrow canal. It is important to fur-
ther study the impact of this surgical technology, primari-
ly on reparative osteogenesis and the occurrence of pos-
sible reparative complications in the treatment of frac-
tures of long bones of the extremities in humans. 

 
5. Conclusions 
1. Bone fusion in conditions of intramedullary os-

teosynthesis is more active when using intramedullary 
fixator without reaming of the cerebral canal, which is 
confirmed by the appearance of bone tissue in the inter-
medial fracture zone on the 14th day, in contrast to ani-
mals with reaming of the cerebral canal, where the bone 
tissue in the regenerate was recorded only on the  
28th day, and the vast majority of animals on the 90th 
day with the bone structure of the intermedial regenerate. 

2. Reaming of the cerebral canal reduces the mani-
festations of reparative potentials in the endosteal area and 
leads to the activation of the process of restructuring the 
cortex of both the endosteal and its central part. Activation 
of osteoclastic resorption is noted, which is accompanied 
by the appearance of resorption cavities on the endosteal 
surface of the cortex and the formation of large resorption 
cavities and usurpation of the endosteal part of the cortex. 
The cortex takes the form of a cancellous bone. 
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