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The objective of this work is to determine the share of positive results of fractures’ healing after the use 
of different types of intramedullary locking nailing (LIOS, IM nailing) and study the organization of 
tissues at the edge of tissues-implants border after implants’ removal from a patient’s body. The samp- 
ling of the study includes 60 patients with diaphyseal fractures of femoral and tibial bones. In three gro- 
ups of patients (20 persons each), after the removal of IM nailing fixators with static, compression and 
dynamic locking of the nail, we studied the consolidation of fractures and conditions of tissues surrou- 
nding the fixing device. The mean age of patients was (43.9±6.5) years old. All patients underwent surgi- 
cal removal of implants by their own will or upon their physician’s recommendation. Among the pati- 
ents, 56.7% were women. The analysis of fracture union was made for each group using radiological 
methods, considering 3 types of IM nailing. After the IM nailing, 50%, 55% and 75% of patients de- 
monstrated approved fracture consolidation with static, dynamic, and compression locking of the nail, 
respectively. Using histological methods, we studied tissues around the nail and screws, as well as from 
the fracture area. The histological study covered only the patients with fracture consolidation without 
negative consequences like fractures of a fixator, slow consolidation or nonunion, infection, etc. The his- 
tological examination of the tissues, surrounding intramedullary fixing devices with all three types of 
locking has demonstrated, that by 18 months, a dense bone regenerate develops in the fracture areas, and 
its structural organization and the area of bone tissue were similar after 18 months. After 18 months, the 
density of bone tissue growth is statistically significant 18 months later, especially in areas of nails and 
screws placement, causing difficulties in the removal of the intramedullary nail. We have discovered 
destructive changes in the cortex. Thus, the results of the histological study confirmed, that the removal 
of intramedullary fixing devices in patients might be expedient in early terms after the fracture consoli- 
dation because the formation of large areas of bone tissue about the fixing device will significantly emba- 
rrass its removal. Clinical-radiological studies have shown that the largest share of fracture healing is 
related to IM nailing with the compression locking of the nail (75%). © 2024 Bull. Georg. Natl. Acad. Sci. 

fracture, osteosynthesis, reparative osteogenesis, fracture healing, implant removal 



160 Oleksandr Verkhovskyi, Ninel Dedukh, Andriy Kalashnikov… 

Bull. Georg. Natl. Acad. Sci., vol. 18, no. 2, 2024 

Among the reasons for long-term temporary loss of 
workability and primary disability, a large share 
relates to diaphyseal fractures, growing every year 
in frequency and severity. Among the diaphyseal 
fractures, the first place belongs to shin fractures, 
corresponding to 13-21.4% of all musculoskeletal 
injuries or 64.3-70% of lower limb fractures [1]. 
Diaphyseal fractures of tibial bones comprise about 
2% of all shin fractures in adults with a general 
frequency of approximately from 16.9 to 21.5 per 
100,000 persons a year [2, 3]. Diaphyseal fractures 
of femoral bone make 6% of the totality of bone 
fractures, the occurrence – 18.2 per 100,000 per- 
sons a year [4].  

The most frequent reasons for poor results of 
diaphyseal fractures are slow consolidation and 
nonunions [5]. In this connection, the search for 
optimal methods for fracture osteosynthesis 
continues. In recent years, IM nailing has been one 
of the most effective methods for diaphyseal 
fractures treatment, applied in many different states 
of the world [6]. It enables preservation of the 
periosteal blood flow, ensures reasonable redistri- 
bution of the loading on the injured limb, recovers 
the limb's axis and length.  

However, the removal of the fixing structure 
used for osteosynthesis is, as a rule, the next stage 
of the surgical treatment. Implant removal is one of 
the most widespread surgical operations in bone 
and joint surgery, about 30% of all scheduled ortho- 
paedic surgical procedures. This process could be 
rather traumatic and followed by the occurrence of 
complications like refractures, haematomas, inju- 
ries to nerves and vessels. Among the criteria for a 
fixing device removal were: fracture, migration, 
infection of an implant, or even the patient's desire. 
The most severe complication after bone plates in 
patients with open fractures are infectious comp- 
lications, occurring more frequently than the same 
after intramedullary fixing devices and occurring in 
from 7 to 85% of cases, and from 5 to 23% after the 
close ones. [7]. The necessity of the scheduled re- 
moval of an implant after the fracture healing 

without negative consequences is ambiguous  
[8-11].  

Even though metal fixing devices are widely 
applied in bone surgery for trauma injuries and 
orthopaedic surgery [12], the behaviour of a metal 
implant in the living tissue causes the response to 
the “foreign body”, which depends on the implant's 
material, shape and size, response of bone and soft 
tissue, duration of the stay, and specific features of 
a patient's body [13, 14]. Important information is 
provided by the studies dedicated to the effect of 
metal implants on the bone and surrounding tissues 
but observations of tissue response in the area of the 
metal fixing device are rare [15-18]. 

The study of the peculiarities of tissue organi- 
zation around the implant may contribute to this 
issue.  

Objectives of the study: to determine the share 
of positive fracture consolidations after different 
types of IM nailing and study the tissue organi- 
zation at the edge of the “tissue-implant” border 
after the removal of the implant.  

 
Materials and Methods 

The perspective study was carried out at the 
premises of Zhytomyr Regional Hospital named 
after O.F. Herbachevskyi and the Institute of 
Traumatology and Orthopedics, NAMS of Ukraine, 
from March 2023 till January 2024. The research 
covered 60 patients who applied at the medical 
institution to remove the implant for desire of due 
to complications.  

Criteria of inclusion into the study: patients 
applied at the hospital to remove their intrame- 
dullary fixing device without signs of disorders and 
in the absence of pain. Exclusion criteria: children 
and adolescents, patients with pathological fractu- 
res, patients with pain syndrome, impaired implant 
placement or its fracture, fracture nonunion, and 
those who refused to take part in the study.  

The patients involved have given written infor- 
med consent. We have collected their anamnesis, 
carried out clinical and radiological examinations. 
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The examination plan has been approved by the 
commission on bioethics by the SI “ITO NAMS of 
Ukraine”, minutes No. 1 of February 15, 2022.  

The objects of study were fracture union and 
conditions of the tissues in 3 groups of patients after 
the fixation of long bones’ diaphyseal fractures by 
intramedullary fixing devices with static, compre- 
ssion, and dynamic locking of the nail. The study 
covered 60 patients from different age groups, 
mean age of 43.9 ± 6.46 years old. Among the 
patients, women prevailed – 34 (56.66%). 20 pati- 
ents, after fractures (in 35% – the middle third of 
the femoral bone diaphysis, 20% – the lower third 
of the femoral bone diaphysis, 15% – the upper 
third of the femoral bone diaphysis) at the age 36.5 
± 2.79 (26-45) years old, passed surgical treatment 
with the implantation of a compression intramedu- 
llary fixing device. In 22.0 ± 2.96 (9-33) months, 
75% of patients got their fixing devices removed 
after clinical and radiological confirmation of frac- 
ture healing and on their own desire or physician’s 
recommendation. In 15%, fixing devices were 
removed due to their fracture, and in 15% – due to 
expressed pain syndrome. In 20 patients, after 
fractures (30% – the lower third of femoral 
diaphysis, 20% – proximal part of the femur, 20% 
– the middle third of the diaphysis, 10% – the lower 
third of the diaphysis, 15% the upper third of tibial 
diaphysis, 5% – the lower third of tibial diaphysis), 
at the age of 48.6 ± 5.91 (20-83) years old, surgical 
treatment included implantation of intramedullary 
fixing devices with static locking.  

In 16.1±3.19 (1.5-32) months, in 40% of cases 
after clinically and radiologically confirmed 
consolidation of the fracture, the fixing device has 
been removed. In 5% of cases, after the fracture 
consolidation and in the absence of complaints, 
patients' plans to continue sports activities was an 
indication to remove the fixing device.  

In 20 patients after the fractures (45% – the 
middle third of femoral diaphysis, 20% – the lower 
third of femoral diaphysis, 20% – the middle third 
of tibial diaphysis, 15% – the upper third of tibial 

diaphysis) at the age of 46.6 ± 4.07 (26-64) years 
old, surgical treatment included the implantation of 
an intramedullary fixing device with a dynamic 
type of fixation. In 19.6 ± 3.58 (3-38 months), in 
55% of cases – after clinical and radiological 
confirmation of the fracture consolidation, the 
fixing device has been removed. In 20% of cases, 
the removal was due to consolidation of the 
fragments and revision osteosynthesis. In 10% of 
cases, the removal of fixing devices was indicated 
due to the expressed pain syndrome. In 10%, the 
removal was forced by the “conflict” with soft 
tissues.  

For the research, histological materials of the 
patients with different types of IM nailing locking 
have been conditionally distributed into two groups 
– implant removal before and after 18 months. The 
time-lapse was obtained from AO's recommend- 
dation to remove fixing devices within less than 18 
months [19]. However, we haven't found any 
substantiation in dedicated scientific literature.  

We examined the removed metal implants for 
deformities, fractures, corrosion signs. During the 
surgery, we visually assessed the presence of the 
metallosis in the surrounding tissues.  

 
Histologic studies. Material for histologic study 
has been collected with a hollow drill from the area 
of fracture union. We accessed the target area in 
post-surgical scar under 1 cm long in the projection 
of the consolidated fracture, under the control of the 
E-O converter. For long bone fracture treatment, 
we used IM nailing with dynamic, static, and 
compression locking of the nail. Histologic study 
examined the samples, obtained in the projection of 
the fracture area and from the surface of the 
removed fixing device after the surgical operation 
in two series: before and after 18 months (from 19 
to 27 months).  

Samples from around the removed implant (in 
3-6 places) were fixed in 10% neutral formalin. 
Bone fragments were decalcinated in the solution 
of the 5% formic acid. Tissues were processed in 



162 Oleksandr Verkhovskyi, Ninel Dedukh, Andriy Kalashnikov… 

Bull. Georg. Natl. Acad. Sci., vol. 18, no. 2, 2024 

paraffin. Serial sections 7-10 μm thick were made 
with a microtome (Thermo Scientific HM 325 
Manual microtome). The deparaffinised sections 
were dyed with haematoxylin and eosin and 
examined with a microscope Micros (Austria) with 
the image transmitted to a monitor by a camera 
DCM 800 (Ukraine). 

 
Statistic processing of the material. Using the 
software of the camera DCM 800, we measured the 
area of bone and connective tissue (objective 20, 
eyepiece 10) in the fragment of the tissue, obtained 
after the removal of the fixing device. The area was 
expressed in per cents. After the assessment of the 
rows' normality, we conducted statistical proce- 
ssing of the digital values. For this reason, we app- 
lied the Mann-Whitney non-parametric U criterion 
to compare the mean values of two independent 
selections and to determine statistical significance.  

 
Studies and Discussion 
The intramedullary nailing with a statically 
locked nail. In general, the use of IM nailing with 
a static locking of the nail ensured 50% of positive 
clinical and X-ray results, followed by the removal 
of the fixing device due to the fracture healing.  

Conditions of tissues around the implant 18 
months after the osteosynthesis. Histological exa- 
mination of the fragments of tissues around the 
intramedullary fixing devices in the early period 
(1.5 months) demonstrated the formation of small 
areas of granulation and connective tissue of differ- 
rent maturity. The layers of granulation tissue inc- 
luded a network of thick fibres, separate fibroblasts, 
some of them with pipycnotic nuclei. The granu- 
lation tissue contained blood vessels with extended 
lumens. The specimens contained the areas of con- 
nective tissue with irregular collagen fibres with a 
high density of fibroblasts among them. In the 
projection of the fracture, we have discovered 
connective tissue, osteoids, and bone trabeculae. 
The maturity of the connective tissue and the 
formation of bone tissue grew within the period of 

the fixator's stay in the bone. As of a 3-month 
period, bone trabeculae, different in width, appe- 
ared among the connective tissue, having osteo- 
cytes on their surfaces. After 13-18 months, the 
regenerate appeared, represented by cancellous and 
lamellar bone tissue with areas of connective tissue. 
The layers of bone tissue were formed from the side 
of the intramedullary canal.  

 
The IM nailing with a dynamic locking of the 
nail. For the complete period of observation, in 
55% of cases, the complete transformation of bone 
tissue in the fracture area has been histologically 
confirmed.  

Tissue conditions after the fixing device removal, 
up to 18 months. At early periods (3 months), tissue 
fragments around the fixing device demonstrated 
small areas of connective tissue varying in density, 
with irregularly located fibroblasts. After the longer 
stay of the fixing device in the bone, the areas in the 
connective tissue contained bone trabeculae with a 
high density of osteocytes; i.e. the density of bone ti- 
ssue grows around the fixator. The regenerate is 
represented by the areas of cancellous and lamellar 
tissue.  

IM nailing with a compression locking of the 
nail. Fracture healing was histologically confirmed 
in 75% of patients.  

Conditions of tissues in 18 months after the 
fracture fixation. Histological study of the 
material, collected during the fixing device removal 
after the fracture healing (9-12 months) has 
demonstrated changes, similar to those discovered 
after the IM nailing with the dynamic locking of the 
nail. Jointly with small connective tissue areas, 
thick lamellar bone tissue was present in the 
projection of the regenerate.  

Conditions of the tissues surrounding the IM 
nailing implants after 18 months in the intra- 
medullary canal. Studying the fixing intra- 
medullary devices, removed more than in 18 
months, has demonstrated similar changes in 
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tissues around the implant. We have discovered 
fibrosis changes in soft tissues. In the area around 
the intramedullary fixing devices and screws, we 
saw the areas of bone and dense connective tissue 
with thick collagen fibres and fibroblasts, located 
rarely among them. The samples from the 
regenerate area contained the areas of lamellar bone 
(Fig. 1. A, B, C), a network of bone trabeculae, 
different in width, located in edge portions, and 
small areas of connective tissue between them.  

The assessment of the cortex of a diaphysis has 
shown the areas of lamination of the matrix with the 
unmasked collagen fibres with empty lacunae or 
remnants of detritus (Fig. 2. A, B, C).  

The comparison of different types of IM nailing 
demonstrated that the bone tissue area in the 
projection of regenerate doesn't significantly differ 
within the period from 13 to 18 months and after 18 

months (Table 1). At that, the area of the connective 
tissue decreases, evidencing the maturity of the 
regenerate. However, in the areas around the fixing 
devices and screws, the bone tissue area grew with 
a statistical significance after 18 months and the 
area of the connective tissue dropped.  
 

Discussion 

The research was based on studying two directions 
related to the removal of fixing devices for IM 
nailing: analysis of the conditions of regenerate and 
tissues around intramedullary implanted nail and 
screws to forecast optimal terms for the removal of 
IM implant with static, dynamic, or compression 
locking of the nail. In the research, we relayed upon 
AO recommendations for the optimality of the 
period of 18 months after the fracture consolidation 

       
                             A     B               C 
Fig. 1. Fragments of bone from the fracture area. High density of osteocytes. A. IM nailing with static locking of the 
screws. B. IM nailing with compression locking of the screws. C. IM nailing with dynamic locking of the screws. 
Haematoxylin and eosin. Amplification: 100. 
 

       
                             A     B               C 
Fig. 2. Bone tissue fragment. Matrix lamination. Lacunae without osteocytes. A. IM nailing with static locking of the 
screws. B. IM nailing with compression locking of the screws. C. IM nailing with dynamic locking of the screws. 
Haematoxylin and eosin. Amplification: 200. 
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[19] and extended our papers with the terms after 
18 months. After the removal of the fixing IM 
devices, provided the consolidation of the fracture, 
histological study noted the formation of the 
fibrosis areas around the fixing devices, with a 
higher density after of use of statically locked IM 
nail. After the removal of the implants with static 
locking, it is expedient to reduce functional loading 
on the limb for up to 1 month to finish the 
functional transformation of the bones in the 
fracture area. In general, the development of the 
connective tissue layers around a metal fixing 
device complies with the classical law of histology 
“a body forms a fibrosis capsule around a foreign 
object”. The peculiarity of the fixation is the 
proliferation of bone tissue, alternating with 
connective tissue. With time, while the fixing 
device remains in the body, the areas of bone tissue 

in the intramedullary canal grow. Biointegration 
and biocompatibility of implants are typical of the 
absence of inflammatory response on a microlevel 
for the studied periods on the background of the 
fracture consolidation.  

The studies of conditions of the tissues after the 
IM nail removal, are rare. Fracture healing was 
studied on an experimental model of rabbits with 
the simulation of transverse osteotomy and further 
intramedullary fixation after intramedullary canal 
drilling. Bone callus formation was confirmed 2 
weeks after the surgery, and 2 months after the 
operation, the biomechanical study of the animals 
showed no differences between the limb after the 
osteotomy and the contralateral one [20]. The 
collected data prove that intramedullary fixation of 
a transverse diaphyseal fracture doesn't interfere 
regeneration process.  

Table 1. Bone and connective tissue in the fracture area and around fixing devices for IM nailing  

IM nailing with static locking of the screws 
 Bone tissue (%) from 12 to 

18 months 
Bone tissue (%) after 18 

months 
Statistical 

significance 
(Р) 

Fracture area 
Areas around a fixing device 

78.2 ± 2,64 
40.98 ± 1.99 

80.18 ± 3.44 
77.84 ± 2.22 

> 0,05 
< 0.01 

 Connective tissue 
(%) from 14 to 18 months 

Connective tissue (%) after 18 
months 

 

Fracture area 
Areas around a fixing device 

22 ± 2.62 
59.02 ± 1.99 

19.2 ± 3.44 
24.16 ±2.98 

> 0,05 
< 0.01 

IM nailing with static locking of the screws 
 Bone tissue (%) from 12 to 

18 months 
Bone tissue (%) after 18 

months 
Statistical 

significance 
(Р) 

Fracture area 
Areas around a fixing device 

83.46 ± 3.69 
62.29 ± 2.15 

79.62 ± 3.18 
84.36 ± 2.59 

> 0,05 
< 0.01 

 Connective tissue 
(%) from 14 to 18 months 

Connective tissue (%) after 18 
months 

 

Fracture area 
Areas around a fixing device 

16.54 ±3,69) 
26.4±3.67 

20.38 ± 3.18) 
15.64 ± 2.59 

> 0,05 
< 0.01 

IM nailing with dynamic locking of the screws 
 Bone tissue (%) from 12 to 

18 months 
Bone tissue (%) after 18 

months 
Statistical 

significance 
(Р) 

Fracture area 
Areas around a fixing device 

80.36 ±3.65 
42.7 ± .48 

78.1 ±9.99 
78.2 ± 2.22 

> 0,05 
< 0.01 

 Connective tissue 
(%) from 14 to 18 months 

Connective tissue (%) after 18 
months 

 

Fracture area 
Areas around a fixing device 

19.64 ±3.64 
57.14 ± 5.61 

21.9±3.98 
21.8±2.53 

> 0,05 
< 0.01 
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One of the first studies examined tissue 
conditions in patients with femoral diaphyseal 
fractures, treated with intramedullary nailing, after 
27 (15-44) months after the fixing device removal 
[21]. Using the CT, the authors observed the 
reduction in the density of bone trabeculae in 
femoral condyles and the area of the removed nail. 
Bone tissue density in femoral condyles and 
thickness of the cortex in this area dropped by 19% 
and 17%, respectively, compared to the 
contralateral limb. The cortex showed a slight 
decrease – by 4% in density and by 7% in thickness. 
A crossover longitudinal research on bone mineral 
density (BMD) analysed patients with tibial 
diaphyseal fractures after the IM nail removal by 
the method of double X-ray absorptiometry (DXA) 
on average, after 13 months [22]. It demonstrated, 
that in a proximal portion of femoral and tibial 
bones with a fracture, the BMD dropped by 3-11%, 
compared to the contralateral surface. At that, the 
distal portion of a tibial bone showed the largest 
loss in BMD (13-21%). A significant decrease of 
the BMD (5-6%) has been revealed also in the 
proximal femoral portion of the contralateral limb, 
declaring indirectly, that an intact limb may also 
suffer from the loss of bone mass after injury, thus 
after an intramedullary nail removal, restrictions in 
loading should be considered.  

Thus, after IM nailing fixators removal 
according to histological results, we have 
discovered the formation of small areas of fibrosis 
around the fixing devices. The peculiarity of IM 
nailing is the proliferation of bone tissue around 
screws and nails with the extended fixation period 

(over 18 months) and the reduced connective tissue 
area. In the period after 18 months, the density of 
bone tissue around the fixing device grows, 
reflecting the integration of the implant with the 
fibrosis-bone tissue, able to cause negative 
consequences if the implant is removed. Revealed 
are destructive changes, connected with the matrix 
lamination and the death of osetocytes. Bio- 
integration and biocompatibility of implants are 
typical of the absence of inflammatory response on 
a microlevel in the background of the fracture 
healing.  

 
Conclusions 

- With the use of IM nailing, 50%, 55%, and 
75% of patients have confirmed consolidation 
of the fracture after static, dynamic, and 
compression locking of the nail, respectively.  

- Histological study of tissues around the three 
types of IM fixing devices demonstrated that 
before the 18th month, dense regenerate 
develops in the bone’s fracture area, and after 
the 18th month, its density doesn't grow. After 
18 months, the density of bone tissue 
demonstrates a statistically significant growth 
around fixing devices, especially in the areas of 
nails and screws location, having negative 
effects on the removal of the IM fixators.  

- After 18 months, irrespective of the IM nail 
locking method, destructive changes progress 
in the cortex.  
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ანი), შტიფტის სტატიკური, შეკუმშვითი და დინამიკური ბლოკირებით ინტრამედულარული  
შტიფტის ფიქსატორების მოხსნის შემდეგ, შევისწავლეთ მოტეხილი ძვლის კონსოლიდაცია  
და ფიქსაციის გარშემო ქსოვილების მდგომარეობა. პაციენტების საშუალო ასაკი (43.9±6.5) 
წელი იყო. ყველა პაციენტს, თავისი სურვილით ან ექიმის რეკომენდაციით ამოუღეს იმპლან- 
ტები ქირურგიული გზით. პაციენტებს შორის 56.7% ქალი იყო. მოტეხილი ძვლის კონსოლი- 
დაციის ანალიზი გაკეთდა თითოეული ჯგუფისთვის რენტგენის გამოყენებით, ინტრამედუ- 
ლარული შტიფტების 3 ტიპის გათვალისწინებით. ინტრამედულარული შტიფტის გამოყე- 
ნების შემდეგ, პაციენტთა 50, 55 და 75%-ში გამოვლინდა ძვლის კონსოლიდაცია შტიფტის  
სტატიკური, დინამიკური და შეკუმშვითი ბლოკირებით, შესაბამისად. ჰისტოლოგიური  
მეთოდების საშუალებით შევისწავლეთ ქსოვილები შტიფტისა და ხრახნების გარშემო და  
ასევე, მოტეხილობის არეში. ჰისტოლოგიური კვლევა მოიცავდა მხოლოდ მოტეხილი ძვლის  
კონსოლიდაციის მქონე პაციენტებს უარყოფითი შედეგების გარეშე, როგორიცაა ფიქსატორის  
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მოტეხილობები, ნელი კონსოლიდაცია ან შეუხორცებლობა, ინფექცია და ა.შ. ძვლოვანი ქსო- 
ვილის ზრდის სიმკვრივე სტატისტიკურად მნიშვნელოვანია 18 თვის შემდეგ, განსაკუთ- 
რებით შტიფტისა და ხრახნების მოთავსების ადგილებში, რაც იწვევს ინტრამედულარული  
შტიფტის ამოღების სირთულეებს. ჩვენ აღმოვაჩინეთ დესტრუქციული ცვლილებები ქერქში.  
ამრიგად, ჰისტოლოგიური კვლევის შედეგებმა დაადასტურა, რომ პაციენტებში ინტრამედუ- 
ლარული ფიქსატორის მოცილება შესაძლოა მიზანშეწონილი იყოს მოტეხილი ძვლის კონ- 
სოლიდაციის შემდეგ ადრეულ პერიოდში, რადგან ფიქსაციის მექანიზმის გარშემო ძვლოვანი  
ქსოვილის დიდი უბნების წარმოქმნა მნიშვნელოვნად გაართულებს მის მოხსნას. კლინიკურ-
რენტგენოლოგიურმა კვლევებმა აჩვენა, რომ მოტეხილობების შეხორცების ყველაზე დიდი 
წილი დაკავშირებულია შტიფტის კომპრესიული ბლოკირებით (75%). 
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