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ABSTRACT
Relevance:  By  frequency,  tibial  bone  fractures  rank  second,  accounting  for  13%  to  21.4%  of  all
musculoskeletal injuries or 64.3%-70% of lower limb bone fractures. The nature of the injury is the result of
high-energy trauma and is accompanied by severe soft tissue damage and a comminuted type of fracture.
Temporary disability of patients with tibial fractures varies from 8-10 weeks to 5-7 months, and for complex
fractures, it can reach 10-12 months. The purpose of the study was to conduct a comparative analysis of
the treatment results of patients with tibial bone fractures and to evaluate the effectiveness of different
methods of osteosynthesis. Material and methods: Depending on the method of operative treatment, the
patients  were  divided  into  two  groups.  The  experimental  group  included  113  patients,  mostly  with
diaphyseal fractures of the tibial bones, who underwent surgery with the use of blocking intramedullary
osteosynthesis.  The  control  group  consisted  of  166  patients  with  tibial  bone  fractures  who  underwent
intracortical or trans-cortical osteosynthesis. Results: The use of low-traumatic methods of stable fixation
for the patients of the main group, the possibility of early functional rehabilitation, measures to prevent
joint contractures since the first days, the possibility of early dosed loading on the operated limb ultimately
led to faster healing of tibial fracture and a shorter overall treatment time. In the main group of patients,
fusion was observed from 8 to 22 (11.56 ± 2.56) weeks, in the control group - from 12 to 36 (18.68 ±
4.70) weeks. The general treatment period for patients in the main group ranged from 8 to 22 (14.44 ±
2.85) weeks, while for the control group, it was from 13 to 43 (21.23 ± 5.38) weeks. Conclusion: The use
of blocking intramedullary osteosynthesis has demonstrated its high effectiveness in the surgical treatment
of patients with metadiaphyseal fractures of the tibia, allowing for positive treatment results in 96.66% of
patients.  The  advantage  of  blocking  intramedullary  osteosynthesis  is  the  biomechanically  justified  high
stability of fixation and minimal invasiveness, which enables early mobilization in patients with fractures of
the tibia bones (FTB) often experience a reduced quality of life and temporary disability, which can last from
8-10 weeks to 5-7 months or even up to 10-12 months for complex fractures. FTBs account for 13%-21.4%
of all musculoskeletal injuries or 64.3%-70% of all lower limb fractures. The frequency of diaphyseal tibia
bone fractures is 26-32 cases per 100,000 population. The injuries are typically the result of high-energy
trauma and are often accompanied by severe soft tissue damage and comminuted fractures. The use of
blocking intramedullary osteosynthesis has been shown to be highly effective in the surgical treatment of
patients with meta-diaphyseal fractures of the tibia bones, with positive treatment outcomes in 96.66% of
patients, providing biomechanically justified high stability of fixation and minimal trauma, allowing for early
mobility and reducing the frequency of early and late postoperative complications.
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INTRODUCTION
In terms of the incidence of tibial bone fractures (TBF), they take the second place, accounting for 13% to
21.4% of all musculoskeletal injuries or 64.3%–70% of lower limb bone fractures [1, 2]. The frequency of
diaphyseal TBF is 26–32 cases per 100,000 population [3]. As a rule, the nature of the injury is the result of
high-energy trauma and is accompanied by severe damage to soft tissues and a multifragmentary type of
fracture [4, 5]. The temporary incapacity for work in victims of TBF varies from 8–10 weeks to 5–7 months,
and in case of complex fractures it reaches 10–12 months. [6, 7]. Treatment and early recovery of patients
with unstable diaphyseal fractures of the tibia bone remain a relevant issue in modern traumatology. The
difficulties in treating patients with ankle fractures, the complexity of their reduction, and the impossibility
of stable fixation often lead to unsatisfactory treatment outcomes, which typically result in patient disability
[8, 9]. Various methods of operative treatment are used for the treatment of ankle fractures, and there is
no specific standard for the treatment of these fractures. In modern traumatology, preference is given to the
method that provides rapid restoration of limb function, which is as close to physiological as possible. Some
authors claim that interlocking intramedullary fixation is an effective method for treating patients with ankle
fractures, while others prefer internal or external fixation methods [10, 11, 12, 13, 14, 15].

The aim of the study was to conduct a comparative analysis of the results of treatment of patients with
fractures of the tibia bones and evaluate the effectiveness of different methods of osteosynthesis.

MATERIALS AND METHODS
The study analyzed the results of surgical treatment in 279 patients with tibial fractures who were treated at
the Institute of Traumatology and Orthopedics of the National Academy of Medical Sciences of Ukraine from
2016 to 2021. The study was conducted in accordance with the Helsinki Declaration and approved by the
Ethics Committee of the Institute of Traumatology and Orthopedics of the National Academy of Medical
Sciences of Ukraine (protocol No. 4 of August 23, 2015). All patients signed informed consent to participate
in this study.

Depending on the method of  surgical  treatment,  the patients  were divided into two groups.  The main
(experimental) group included 113 patients, mostly with diaphyseal tibial fractures, who underwent surgery
with  the  use  of  blocking  intramedullary  osteosynthesis  (BIOS).  Among them,  45 patients  had isolated
fractures of the tibial bone, while in the other 68 patients, both tibial bones were affected.

The  control  group  included  166  patients  with  tibial  fractures  who  underwent  osseous  or  transosseous
osteosynthesis.

During the study of fracture types, the AO/ASIF classification was used, and the data is presented in Table
1.

Table 1. Types of fractures according to AO/ASIF classification.

Groups
Type of fractures according to AO classification

А В С Overall

Main 34 58 21 113

Control 81 67 18 166

Overall 115 125 39 279

In the overall structure, 23.3% were females and 76.7% were males. The average age of the injured was
33.2 ± 14.3 years, and the majority of patients (74.6%) were in prime working age - up to 55 years old.

All the patients in the main group underwent surgical interventions using BIOS. All surgical procedures were
performed  using  standard  techniques.  In  most  cases  -  82  (72.6%),  fracture  reduction  was  closed  or
minimally  invasive,  without  extensive  exposure  of  the  fracture  area.  In  the  remaining  cases,  it  was
necessary to open the fracture zone due to the interposition of soft tissues or the presence of fractures in
the medullary canal. Widening of the medullary canal was performed according to the surgical technique. In
all cases, an intramedullary nail was inserted from the trochanter of the femur. Compression fixation was
performed in stable fractures, and static fixation was performed in unstable fractures.

Operative interventions were performed on the control group using osseous or transosseous osteosynthesis:
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1. Metal-osteosynthesis  (MOS)  with  LC/DCP  plates  in  the  majority  of  surgical  interventions  -  118
(71.1%) cases;

2. MOS with external fixation devices (EFD) was performed in 48 (28.9%) injured patients.

The choice of surgical treatment method depended on many factors:

• type of fracture according to the AO/ASIF classification;

• level of fracture (proximal/distal, central/peripheral, metaphyseal/diaphyseal);

• degree of soft tissue damage in the fracture area;

• the general condition of the patient (presence or absence of internal organ damage, multiple bone
fractures).

Operative interventions on the control group's injured patients were performed using standard techniques.
In the vast majority of cases, satisfactory repositioning of fractures was achieved with the use of external
fixation devices (EFD), particularly in cases of distal tibia fractures with segmental or comminuted fractures
of the fibula.

For all  the patients with a fracture of the distal  third of the fibula, and in some cases (in the case of
segmental  multifragmentary fractures of the tibia type C with the use of BIOS or EFD with the closed
technique of fragment repositioning), MOS was performed with a plate with screws or an intramedullary
rod/spike without blocking . Osteosynthesis of the fibula was performed in order to restore the length,
rotation and axial relations, which is especially important for the distal segment of the tibia, as well as to
facilitate the reposition of the tibial fragments.

Statistical analysis. Data processing was performed using Statistica 12 software (StatSoft, USA). Descriptive
statistics methods were used to display the general characteristics of the input parameters, with mean
values and standard deviations indicated. For groups with a normal distribution, comparisons were made
using the Student's t-test. Using the χ2 test for statistical analysis, it was found that intergroup differences
in patient age, gender, and injury severity, respectively, for the main and control groups, can be considered
random (p>0.1). In other words, the groups were standardized for age and injury severity.

RESULTS OF THE RESEARCH
The high frequency of tibial bone fractures, as well as the effectiveness of modern treatment methods, are
largely determined by anatomical features. For example, the position of the tibia at the level of the car
bumper contributes to the fact that pedestrians are most often injured in collisions. Since one-third of the
surface of the tibia is located under the skin for most of its length, open fractures occur more frequently
than in other bones. Furthermore, the blood supply to the tibia is not as good as in bones surrounded by
muscles on all sides. The presence of joint hinges on both ends of the bone does not allow for rotational and
angular deformities to be ignored after a fracture, which requires special attention during reduction.

The small muscle mass and its absence on one-third of the surface make conservative treatment methods
more effective in  cases of  stable tibial  bone fractures.  These same features make the ankle the most
suitable  segment  for  the  use  of  internal  fixation  devices.  Poor  blood  supply  increases  the  risk  of
complications with the use of submerged osteosynthesis, while the ease of closed reduction promotes the
wider use of minimally invasive techniques for internal fixation, especially intramedullary fixation.

The  mentioned  features  of  the  occurrence  and  treatment  of  tibia  bones  fractures  determine  a  high
frequency of complications and efforts to avoid them by improving treatment methods [16, 17, 18].

In traumatology clinics, where the entire range of surgical treatment methods for the injured is applied,
preference is given to methods that allow for:

• Obtaining the best anatomical and functional result;

• Reducing the frequency of early and late postoperative complications;

• Providing early patient activity and high quality of life throughout the treatment and rehabilitation
period.

The analysis of the effectiveness of treatment of patients in the main and control groups is presented in
Table 2.

Table 2. Basic indicators of treatment of patients in the main and control groups with tibial
bones fractures

archiv euromedica  2023 | vol. 13 | num. 2 |

3



Indicators Main group Control group

Number of patients
Mean age of patients

113
34,09 ± 14,13 years

166
37,28 ± 14,34 years

Postoperative bed-day
Mean duration

from 2 to 78 days
11,72 ± 10,41 days

from 2 to 46 days
13,30 ± 6,45 days

Hospital stay
Mean duration

from 4 д to 82 days
18,29 ± 11,71 days

from 3 to 63 days
20,23 ± 9,88 days

Dosage load
Mean duration

from 0,2 to 10 weeks
1,82 ± 2,32 weeks

from 8 to 18 weeks
10,74 ± 1,89 weeks

Full load
Mean duration

from 2 to 22 weeks
10,82 ± 2,95 weeks

from 8 to 35 weeks
17,94 ± 4,15 weeks

Fusion occurred
Mean duration

from 8 to 22 weeks
11,56 ± 2,56 weeks

from 12 to 36 weeks
18,68 ± 4,70 weeks

Total treatment time
Mean duration

from 8 to 22 weeks
14,44 ± 2,85 weeks

from 13 to 43 weeks
21,23 ± 5,38 weeks

Comparing  the  main  indicators,  we  have  established  that  the  patients  from  the  main  group  have
significantly better results. The patients in the main group demonstrated significantly lower average figures
for the postoperative bed-day and the average length of stay in the hospital. This is associated with the
usage of minimally invasive methods and stable fixation, which allowed for avoiding external immobilization
of the operated limb and enabled early functional rehabilitation, as well as measures to prevent adjacent

joint contractures from the first days after the surgery. For instance, passive knee flexion up to 400  was

achieved on the 7th day, and active flexion occurred 5 days later.  Flexion mor than 1000  (active  and
passive) was recommended after 2 weeks postoperatively.

Patients  in  the  control  group  were  only  able  to  undergo  early  functional  rehabilitation  and  preventive
measures for adjacent joint contractures in the early postoperative period after external device fixation
osteosynthesis (48 (28.9%)). The patients in the main group were recommended to perform controlled
loading on the operated limb much earlier, within 0.2 to 10 (1.82 ± 2.32) weeks. Patients in the control
group began axial loading only from 8 to 18 (10.74 ± 1.89) weeks after surgery. This is due to the longer
period of primary callus formation and restructuring with ossification in the postoperative period during the
restorative treatment.

The usage of minimally invasive methods of stable fixation for the patients in the main group, the possibility
of  early  functional  rehabilitation,  and  the  implementation  of  preventive  measures  for  adjacent  joint
contractures from the first days, as well as the possibility of early controlled loading on the operated limb,
resulted in a reduction in the time of fusion of the tibial bone fractures and shorter overall treatment time.
Callus fusion was observed in the main group of patients from 8 to 22 (11.56 ± 2.56) weeks, and in the
control group from 12 to 36 (18.68 ± 4.70) weeks.

The overall treatment duration for patients in the main group ranged from 8 to 22 (14.44 ± 2.85) weeks,
while for those in the control group it was from 13 to 43 (21.23 ± 5.38) weeks. The results of treatment for
tibia bone fractures in patients in the main and control groups are presented in Table 3.

Table 3. Results of treatment in patients of the main and control groups

Result of
treatment

Main group Control group

BIOS
External

fixation device
LC/DCP plates

and screws
Overall

Excellent and
good

91
(80,53%)

34 (70,83%) 81 (68,65%)
206

(73,83%)

Satisfactory
18

(15,93%)
12 (25,00%) 26 (22,03%)

56
(20,07%)
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Unsatisfactorily 4 (3,54%) 2 (4,17%) 11 (9,32%) 17 (6,10%)

Overall
113

(100%)
48 (100%) 118 (100%)

279
(100%)

Excellent and good treatment results were obtained in 80.53% of patients in the main group, whereas in the
control group, this indicator ranged from 68.65% to 70.83%.

Satisfactory and unsatisfactory treatment results were obtained in most cases in the control group. Thus,
satisfactory results were obtained in 38 (47.03%) of the control group patients, and unsatisfactory results
were obtained in 13 (13.49%) cases. This is due to the development of neurotrophic disorders, contractures
of adjacent joints, non-union, fixation device fractures, and the development of osteomyelitis.

DISCUSSION
In  recent  decades,  intermedullary  osteosynthesis  has  been  widely  used  in  traumatology  practice.  This
method provides rigid fixation of bone fragments, even in cases where other technologies cannot be used.
This is primarily true for open fractures of the II-III degree. Compression, distraction, or prolonged fixation
of  fragments  in  a  neutral  position  is  only  possible  with  intermedullary  osteosynthesis.  The  method  is
indispensable as a means of temporary fixation of tibial bones fractures in patients with polytrauma, with
the development of compartment syndrome. One of the main problems of intermedullary osteosynthesis,
even in the case of tibial bones fractures, remains inflammatory complications in the area of the elements of
the  external  fixation  devices,  which  are  noted  in  10.5%  to  51.3%  of  cases  and  often  end  up  with
osteomyelitis [19].

Traditional plate osteosynthesis was the method of choice for tibial bones fractures without significant soft
tissue damage until the introduction of BIOS. Currently, MIPO (minimally invasive plate osteosynthesis) with
plates is widely used for treating ankle fractures. The main goal of this method is to preserve tissue viability
in the fracture zone. The popularity of MIPO is due to changes in plate design, including the development of
"internal fixators" that block screws in plate holes. Plate designs are optimized for each location and type of
fracture. For example, T. Müller et al. [20] reported on the effectiveness of this method in 85% of patients
with fractures of the distal tibia. E. Hasenboehler et al. [21] conducted a retrospective study of patients with
ankle fractures over 2 years. Good results were obtained in 31.3% of cases after 3 months of MIPO surgery,
in 71.9% after 6 months, and in 84.4% after 9 months.

In the main group, only 4 cases (3.54%) resulted in unsatisfactory outcomes. In one patient, after 24
weeks following the surgery, a fistula in the area of the fracture opened, which healed after removing the
fixator.  In two other patients,  non-union with migration of  the fixators and subsequent fracture of  the
intramedullary rod was observed. Additionally, in one case, an early postoperative complication was noted,
which was an infection of the surgical site that required wound revision, removal of metal fixators, and a
change in the fixation method.

CONCLUSION

1. The use of locking intramedullary osteosynthesis has proven to be highly effective in the surgical
treatment of  patients with metaphyseal  fractures  of  the tibia  and allowed for  positive treatment
outcomes in 96.66% of patients.

2. The advantage of locking intramedullary osteosynthesis is biomechanically justified high stability of
fixation, low invasiveness, which allows early activity of patients and high quality of life throughout
the  treatment  and  rehabilitation  period;  as  well  as  reduce  the  frequency  of  early  and  late
postoperative complications.
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