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Abstract

Open tibial fractures rank among the most common injuries to long bones, with an annual
incidence of 3.4 per 100,000. Complications such as non-unions may arise in 2-10% of these injuries.
The llizarov method offers a universal opportunity for definitive treatment in both conditions.

This retrospective unicentric cohort study aims to assess the value of External Fixation Time
(EFT) in patients with open tibial fractures and non-unions treated with compression-distraction
osteosynthesis by llizarov, followed by a comparative analysis.

We evaluated 30 patients treated between 2014 and 2019 for open fractures or non-union of the
tibia. The average ages for the two groups were 46 and 50 years, respectively. The latter group had an
average of 1.6 prior surgical treatments, with approximately 14 months elapsed since the injury. All
subjects examined achieved bone healing. The average EFT values were 160 and 210 days for the
treatment of open fractures and non-unions, respectively. There is a statistically significant difference
in the EFT values between both groups. 97% of the patients demonstrated satisfactory radiographic
results based on the ASAMI scoring system.

Treatment with compression-distraction osteosynthesis by Ilizarov proved effective for both
open fractures and non-unions of the lower leg. A statistically significant difference exists between the
two groups in terms of EFT values representing the duration of treatment.
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Introduction

Fractures of the tibia are among the most frequent long bone fractures with according to some
data incidence of 11.5 over 100000 population and with 40% of open fractures being in lower
extremities. [1] Other research claim that 0.2% of all injuries are open tibial fractures [2] or that
incidence of these open tibial fractures is 3.4 over 100000 population per year. [3]

Average age of the patients who suffer from these injuries is 43.3 years but with bimodal
distribution in young men and older women. High energy trauma like motor vehicle accident or high
height fall is the main reason for these fractures with over 50% of all of them. [4, 5]

In a prospective observational study of 416 patients from 41 trauma center who were surgically
treated for diaphyseal tibial fractures in 13% there was delayed union or non-union. In open fractures
with skin wound bigger than 5cm the probability for these complication was 5.7 times higher compared
to closed fractures. [6, 7] Usually the open fractures are the ones prone to complications like infections,
delayed or non-unions and with all that are burdens not only for the individuals but for the whole
healthcare system.

Historically, the definitions of delayed union or non-union of bones were contingent on the time
elapsed since the injury. However, presently, the precise timing of the injury has diminished in
significance. Bone healing is now recognized as a dynamic and progressive process, warranting
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intervention when radiological findings reveal an absence of progression in the bone healing process
within 3 to 5 months from the time of injury.[8]

The term "delayed healing” is applied to fractures that do not heal within the anticipated
timeframe. In cases of delayed healing, the healing process is slower, but there is still a possibility of
eventual healing without the need for additional treatment. Fractures of the tibia are categorized as
delayed healing fractures when there is insufficient bridging callus even after 16 weeks from the time
of injury. In contrast, non-union or pseudoarthrosis is diagnosed in fractures where healing is not
achievable without supplementary treatment, whether surgical or conservative. This determination is
typically made within the period of 6 to 9 months.

Tibial non-unions are estimated as a complication of 2-10% of all tibial fractures. Zura et al.
analyzed over 12000 tibial fractures and documented 7.37% of non-unions. [9]

The incidence is increased in high energy trauma and open fractures. The development of non-
union is usually influenced from type and extension of the injury, the extent of bone comminution and
bone loss, the soft tissue injury, the presence of compartment syndrome or infection etc. [10]

In one observational study that included over 200 patients with tibial fractures Fong et al.
concluded that non-union is developed when there is less than 25% of cortical continuity. [11] The
biggest risk is noticed when the open wound is at the place of bone defect. Smoking is also an additional
risk for delayed or non-union. [12] There is a discussion whether NSAIL could inhibit bone healing but
definite negative effect is not stated in human studies. [13]

In any case fast and thorough treatment is needed in lower leg injuries because iatrogenic injury
of the soft tissue envelope, distraction at the site of fracture, inadequate immobilization and absence of
the stabilization effect of the intact fibula are factors that could contribute to non-union development.

Basic treatment protocols of these injuries include treating of the soft tissue injury, minimizing
the risk of infection, stabilizing and repair of the skeletal injury and functional restitution of the injured
extremity. [14, 15, 16, 17] Treatment of these conditions is still a field of orthopedics where there could
be expected improvement of the standardized treatment modalities. [18]

There are different ways of treating the skeletal trauma of the lower leg including
intramedullary fixation, plating, external fixator etc. The non-unions as one of the most treatment
challenging complications following the open tibial fractures are still clinical and economical burden
not just for the patient but also for the society. Despite the need for evidence based protocols for
treatment in literature there are still not unified agreements even for the definition of the condition itself.
From that point of view we can see that the treatment is still and most frequently base on individual
approach.

The principle of compression-distraction osteosynthesis with llizarov frame is a concept that
respects the biomechanical characteristics of the bone and in the same time enables activation of the
bone healing potential in these injuries. [19, 20, 21]

Biomechanical surrounding could be the main reason for developing delayed or non-unions as
complications of tibial fractures. Therefore to enhance the optimal biological surrounding for bone
healing this method of compression - distraction osteosynthesis by Ilizarov acquires all the principles
for that. [22, 23] Those are the mechanical principles: rigid fixation, possibility for fracture reduction
in three dimensions simultaneously, possibility for early mobilization and weight bearing and biological
principles: preservation of the osteogenic tissues (periost, endost and bone marrow), enabling and
preservation of the circulation locally. All these principles are aiding the reparative osteogenesis with
activation of bone healing potential trough consolidation of the bone and shortened treatment timing.
Two illustrative cases are presented in the text showing intraoperative and postoperative x-rays of two
patients, first one with bilateral open tibial fractures — picture 1, and second one with tibial non-union
— picture 2.

Additional advantage of the Ilizarov circular external fixator (frame) is the ability to manipulate
the biomechanical rigidity of the apparatus depending of the bone fragments, the possibility for
correction of the frame based on individual approach and radiological progress of the healing, the
unique option to study the process of bone and soft tissue healing and regeneration as an basic and also
clinical research. The universality of the frame practically offers endless possibilities.

On the other hand as in any method there are also some disadvantages: learning curve, the need
for frequent monitoring of the patient, the risk for local inflammation around the wires, the risk for
development of contractures in the need for fixation of adjacent joints, aesthetic inconvenience from its

47



Sheshoski O.et al.; Comparison of the values of EFT in the treatment of lower leg....

dimensions and at last the need of full consent and collaboration with the patient during the treatment.
During the whole treatment and afterwards the role of physical therapy and rehabilitation should be
accented to preserve the muscle tonus and ROM in adjacent joints.

During one study of open tibial fractures type Il by Gustillo in patients older than 75 years of
age Steel and al. concluded that the functional results were not satisfying in this group suggesting that
these patients could benefit from bigger accent on intensive rehabilitation. [24]

Material and methods

In the research we included patients with open tibial fractures and non-unions treated with the
method of compression — distraction osteosynthesis by llizarov in the Specialized hospital for
orthopedics and traumatology “Sv. Erazmo” — Ohrid during the period from 2014 — 2019. In both of
the groups (open fractures vs non-unions) 15 patients are included retrospectively which fulfilled the
inclusion criteria: age 18 or over, condition with open tibial fracture or non-union, surgical treatment of
the condition with the suggested method, possibility for postoperative monitoring and evaluation of the
patient 3-6 months after removing the apparatus. All the patients were preoperatively evaluated for the
possible risk of the treatment and anesthesia and signed consent for anesthesia and surgical treatment
by themselves. In the group with open fractures the time from injury till present treatment is calculated
in days — Table 1. In the other group of patients with non-unions the time in months from injury to

Picture 1. Treatment of patient with bilateral open tibial fractures (type 3 by Gustillo-Anderson
classification)

In the group with open fractures the ratio women/men was 0.25 (w:m=3:12) with average age of
46 years (ranking 18 to 83 years). In the group with non-unions the ratio women/men was 0.36
(w:m=4:11) with average age of 50 years (ranking from 34 to 67 years). In average there were 14 months
from the initial injury in these patients with approximately 1.6 previous surgical treatments per patient.

In all patients at least two standard x-rays were performed in AP and LL view of the lower leg
preoperatively, as a complete laboratory blood analysis, and in those with skin defect or open wound
swab from the wound was taken for microbiological analysis. Surgical treatment was performed in
spinal anesthesia. The usual way of performing the osteosynthesis with the Ilizarov frame was with 4
segmental rings with 3,2,2,3 wires respectively. During the surgery there were additional radiological
investigations for assessment of the fracture fragments and the wires of the fixator. During the surgery
an antibiotic therapy was administered and continued for 7 days in patients without osteomyelitis or in
the next 6 weeks in the patients with osteomyelitis. Postoperatively thromboprophylaxis was
administered with low molecular heparin for the next 1 month in all patients. In all the patients starting
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from the second postoperative day a physical therapy and walking with minimal to partial weight
bearing was initiated with crutches or walker.
Table 1. Patients with open tibial fractures treated with the method of compression — distraction

osteosynthesis by Ilizarov

Days till Previous EFT in| ASAMI
Age treatment Gender treatments days radiographic score
1 18 17 F 0 97 4
2 61 0 M 0 153 3
3 39 9 M 0 228 4
4 50 0 M 0 155 3
5 32 12 M 0 145 4
6 41 0 M 0 145 4
7 61 7 F 0 219 4
8 27 5 M 0 257 4
9 83 2 F 0 129 3
10 34 5 M 0 208 3
11 77 0 M 0 68 3
12 65 10 M 0 76 4
13 43 8 M 1 179 4
14 44 0 M 0 198 4
15 22 0 M 0 148 4

Hospitalization usually lasted in average 9 days, and after that in all the patients regular
outpatient check-up were performed for sterile dressing of the frame on every 1-2 weeks. Additionally
regular radiological investigations with 2 standard x-rays were performed on every 4-6 weeks in order
to evaluate bone healing process. On individual assessment if needed additional manipulations of the
apparatus were performed (usually compression at the site of fracture/non-union) as an additional
stimulus to the bone healing potential. Consolidation of the fracture/ non-union is confirmed when there
is no radiolucent line or when the defect is filled with new bone formation on minimum 3 of 4 cortices
at the standard AP and LL radiological projections. Additionally this radiological assessment is
confirmed with clinical testing of the functional stability at the site of fracture/non-union with loosening
the rods locally.

After that one more surgical procedure for removing the external fixator is scheduled in short
term anesthesia and plaster immobilization of the lower leg is put in the next 2-3 weeks with allowed
weight bearing through the immobilization.
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Results

All the patients were evaluated postoperatively after removing the llizarov frame and External
Fixation Time (EFT) was calculated — the whole period from the surgery when the frame was implanted
till the extraction of the frame. The patients were also evaluated according to the ASAMI (Association
for studying and implementation of the Method of Ilizarov) scoring system for radiological (bone)
results in 4 categories: excellent, good, fair and poor results.

Radiological results are based on 4 criteria: acquiring bone healing, presence of infection
postoperatively, axial bone deformity less/more than 7 degrees and leg length inequality less/more than
2.5cm.

Average EFT value in the group with open fractures is 160 days (ranking from 68 till 257 days),
and in the group with non-unions is 210 days (with values ranking from 116 to 331 days). We used
Student t-test to evaluate the statistically significant difference of the calculated values between the two
groups. The calculated value of p=0.0342 with previously determined values of p<0.05 as statistically
significant difference means that there is statistically significant difference between the EFT values of
the two given groups.

In the group with patients treated for tibial non-union in 6 of them there was infection present
or fistula with secretion at the level of non-union. When we used Student t-test to evaluate if there is
statistically significant difference in EFT in the patients with tibial-non union but divided in subgroups
with or without infection we gained p=0.5683 with previously stated values of p<0.05 as statistically
significant difference. That means that there is no statistically significant difference in the values of
EFT between these two subgroups. Also there is no statistically significant difference between the two
main groups when taking into account the age of the patients in both groups.

Picture 2. Treatment of patient with infected non-union of tibia comparatively before and after
treatment with compression — distraction osteosynthesis with Ilizarov method
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When performing the Pearson correlation test for defining the possible correlation of numeric
variables we didn’t get significant correlation between the values of EFT and the number of previous
surgical treatments. The same result we got when investigating the correlation of the values of EFT
with the patient age — meaning there is no statistically significant correlation between these two
parameters.

According to the postoperative results from the scoring by the ASAMI scoring system in all the
patients bone healing was achieved. All the patients within the group with open fractures according to
the radiological (bone) results have excellent or good result (67% of them excellent and 33% of them
good result).

When evaluating the patients treated with tibial non-union according to the radiological (bone)
results by the ASAMI scoring system in all of them bone healing was also achieved. In this group in
93% (14 patients) there is satisfying result (from which 36% excellent and 64% good radiological
result). In 7% of the group (1 patient) there was fair radiological result because of persistent shortening
of the lower extremity more than 2.5 cm compared to contra lateral side and also persistence of small
fistula with occasional secretion despite achieving bone healing of the non-union.

Table 2. Patients treated because of non-union of tibia with suggested method

Months EFT | ASAMI
from Previous | Additional in bone
Age injury Infection | Gender | surgeries | conditions days | score
1 |35 24 Yes F 1 154 3
2 Peroneal
53 8 No M 1 palsy 172 | 4
3 |44 12 Yes M 2 116 |4
4 |56 14 No M 2 125 3
5 |49 19 Yes M 1 215 3
6 |41 19 Yes M 7 204 3
7 Femur
53 12 No M fracture 288 3
8 |53 8 No F 0 331 4
9 |34 3 Yes M 1 229 3
10 Ankle
54 12 No M 1 arthrodhesis | 125 4
11 | 62 4 No M 2 265 3
12 Ankle
67 13 No F 2 arthrodhesis | 221 4
13 | 50 9 Yes M 2 266 3
14 | 51 31 No M 3 165 2
15 Chronic
50 23 No F 0 renal insuf 272 3

We used Mann-Witney U test for evaluating if there is statistically significant difference between
the two groups according to the ordinal values from the ASAMI scoring system. We got values for
p=0.0505 with previously stated values of p<0.05 as statistically significant difference. The evaluated
result means that there is no statistically significant difference in the evaluated radiological (bone)
results according to ASAMI scoring system between the group with open fractures and the group with
non-unions treated with the method by Ilizarov.

Discussion
In the past, the Ilizarov compression-distraction osteogenesis method was extensively
employed for treating and reconstructing posttraumatic complications in lower extremities. This
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technique provides clinicians with a crucial tool for addressing a variety of challenging cases, including
long bone reduction defects in the lower leg, infected non-unions involving both bone and soft tissue
defects, pronounced angular and rotational deformities, joint contractures, and the stabilization of open
fractures with substantial compromise to the soft tissue envelope. [25]

Main advantages of this method are: minimally invasive approach with decreased risk for
infection, the possibility to address besides the bone deformity also a soft tissue defect, adjacent joint
contractures and at the same time allowing early postoperative weight bearing in order to minimize the
risk for developing sympathetic algodstrophic changes of the lower leg. On the other hand there are
some disadvantages like the length of the treatment, the need for regular monitoring of the patients etc.
That’s why it is important to communicate with the patient the real prognosis for the treatment before
the surgery. [26]

Besides that there is also a psychosocial burden of the patient including pain, stress, as well as
prolonged treatment time that can restrict the patient everyday activities. [27]

When discussing the prognosis of tibial non-union treatment in the literature, there is a notable
scarcity of data regarding the functional outcomes post-treatment. Simply achieving bone healing does
not automatically ensure the full functional restoration of the extremity. It's not uncommon for properly
treated patients with satisfactory clinical results to experience residual pain, weakness, and functional
limitations.This underscores the importance, during treatment, of consistently emphasizing the
necessity for extended rehabilitation and an exercise program. This approach is crucial for sustaining
the mobility of adjacent joints and addressing any lingering issues related to pain, weakness, or
functional constraints.

Usage of additional therapeutic modalities is still controversial part of the treatment of the non-
unions like electrostimulation, ultrasound, different synthetic osteoconductive materials or
osteoinductive bone growth factors like BMP. [28]

One Meta analysis which reviewed 138 studies concluded that the bone healing is achieved 2
months earlier when ultrasound therapy was used. [29]

During the treatment we face different complications among which most frequent is local soft
tissue inflammation around the wires which is considered as minor complication and usually is treated
with frequent sterile local dressings and antibiotic therapy administered orally. In this study in 60% of
the subjects we registered this complication and almost all of them were treated successfully. Only in
one patient (3% of all subjects) there was a need for removing the wire and local curettage.

It was performed in local anesthesia without long term effect to the result that was achieved by
the treatment. Most of the complications that are registered during the treatment of the non-unions are
prolonging the time needed for bone healing and that is why our approach to the problem should be
extremely carefully. Probably the biggest worry is not to develop infected from aseptic non-union. [30]
In a study performed by Wu in 1994 in 13% of the patients treated for tibial non-union an infection
developed independently from the type of the treatment (plating or intramedular fixation). [31]

This study has several limitations that should be acknowledged. Firstly, it is a retrospective
unicentric study with a relatively small number of subjects, raising concerns about the potential for
generalization and introducing bias to the results. The limited number of subjects also constrains the
scope of statistical evaluation. Additionally, the study lacks the ability to provide a long-term
assessment of patients and their functional outcomes. However, there are plans to address this limitation
through continued research, incorporating patient questionnaires for comprehensive functional
evaluations. Furthermore, only half of the subjects have available functional results one year after the
removal of the apparatus. Despite these limitations, we contend that this small patient series is valuable
as it provides additional support for considering the Ilizarov compression-distraction osteosynthesis
method as a reliable approach for achieving bone healing and correcting bone deformities in challenging
reconstructive cases. It is crucial to note that while the method may yield excellent bone results,
especially in challenging bone conditions, favourable functional outcomes are not guaranteed unless
the patient maintains good neurovascular status. The functional result is predetermined from the
condition of the muscles, nerves, circulation, adjacent joints, and in less degree from the bone itself.
[32] In addition by defining the preoperative and postoperative protocols with special accent of the
rehabilitation, the patients are given opportunity for reaching satisfactory functional results. Although
in the open fractures the prompt and early treatment is very important, the incidence of non-unions is
more in correlation with the fracture characteristics then with the type of the treatment. [33] In one
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study by Tanner and al. is concluded that the diabetes has negative effect on the results from the
treatment of the tibial non-unions, and at the same time the age over 60 by itself is not contributing the
same way. [34]

The current statistically significant difference in External Fixation Time (EFT) values between
the two groups cannot be elucidated by the performed statistical evaluations. This discrepancy is not
correlated with the age of the patients, the time elapsed from injury to treatment, or the number of prior
surgical treatments. To ascertain the reasons for this significant difference in EFT values, an additional
analysis is imperative. This analysis should incorporate data on the type of fracture, the size of the skin
wound at the fracture site, and factors associated with the patient's general health status, such as
diabetes, smoking, anemia, and other relevant variables.

Conclusion

The application of the compression-distraction osteosynthesis method by Ilizarov proves to be
effective in treating both open tibial fractures and tibial non-unions. The assessment of the treatment
reveals a high overall percentage of bone healing, accompanied by a substantial proportion of excellent
and good radiological (bone) results. A statistically significant difference in External Fixation Time
(EFT) values is observed when comparing the two groups, indicating a significantly longer time
required for bone healing in the tibial non-union group. Despite the variables evaluated in this research,
the primary reason for this outcome remains undetermined. Therefore, we recommend an extension of
the current research to further investigate and identify the underlying factors contributing to this result.
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