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A multicenter study analyzes the use of elastic stable intramedullary nailing (ESIN) in 142 fractures of the femoral, tibia,
and humerus shaft in children. Flexible rods are introduced through the distal metaphyseal area to develop a bridging callus.
Early load on the limb is possible and is recommended. Complications were minimal. Compared with osteosynthesis with
extracortical plates in 208 patients, ESIN obviates the need for prolonged bed rest and protects soft tissue without disrupting
the blood supply to bone tissue.
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B MHOroueHTpOBOM MCCNeaoBaHUN MPOAHANM3UPOBAHO MPUMEHEHNE SNACTUYHbBIX CTAOUNBbHBIX UHTPaMeOYNNAPHbIX
ctepxHen (3CUH) npn 142 nepenomax auadpusos 6eapeHHon, 6onbllebepLoBon 1 NaeYeBon KocTen y aetei. MNobkue
CTEepPXHN BBOAUINCH Yepe3 AMCTanbHyl0 MeTadusapHyto obnacte ons GopMnpoBaHnUs MOCTOBUAOHOM Mo30au. MNposoan-
nlacb paHHAS Harpyska Ha NoBPEeXAEHHYI0 KOHEYHOCTb. OCNOXHEHUS OblIN MUHUMAaNbHLIMU. B CpaBHEHUM C OCTEOCUHTE30M
3KCTpakopTuUkanbHbiMu NnacTuHamm y 208 nauneHtos ACUH nossonmnn nabexartb HEOOXOANMOCTU ANIUTESNbHOW rocnnuTanun-
3auunm 1 obecneynn 3alnTy MArknux TKaHen, He HapyLlas KPOBOCHaOXeHNe KOCTHOW TKaHW y AeTel.
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average in 27.6-32.8 % of cases, the humerus rest are older [3]. Therefore, there is undoubtedly
in 5.3-7.9 %, and the tibia in 28.9-42.5 % an increasing need to choose treatment methods
[1, 2]. Of these, 42.9-50.2 % of preschool-aged for diaphyseal fractures in children. Of course,

Diaphyseal fractures of the femur occur on patients are under seven years of age, and the
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conservative treatment of diaphyseal fractures
of tubular bones is preferred. However, given
the fracture type, surgical treatment is gaining
importance. Given the variety of metal fixators,
minimally invasive surgical treatment methods in
children are favored [4]. They minimize trauma
to adjacent soft tissues and eliminate exposure
to bone fragments. In addition, the duration of
surgical treatment is shortened, and the medical
and social rehabilitation of the child is improved.

One of the minimally invasive methods of surgical
treatment of tubular bones in children is elastic stable
intramedullary nailing (ESIN). This method was developed
by French surgeons J. P. Metaze and J. Pevotin in 1979.
[5]. This method has become recognized and actively
used in pediatric traumatology in the last decade.
This method retains the principles formulated by
the «World Association of Osteosynthesis»: no
intervention in the fracture area with preservation
of blood supply to the injured segment, anatomical
repositioning, and stable-functional fixation. One
of the most important aspects is the cosmetic
result with early restoration of the function of the
wounded limb [6].

The ESIN technique is designed to fix diaphyseal
fractures of long tubular bones when the medullary
canal is narrow, and implant flexibility is paramount.
The basic principles of ESIN are based on the
geometric principles of the fracture [2, 4]. Ideally,
the osteosynthesis should be two counter-bent
rods in the medullary canal at the end of the surgical
intervention. The apexes of the bends of each rod
should be at the fracture level and unidirectional.
Of course, intramedullary osteosynthesis with
flexible titanium rods is contraindicated in unstable
fractures [1, 5].

This work aims to evaluate the effectiveness
and advantages of intramedullary elastic
osteosynthesis with flexible titanium rods in
treating diaphyseal fractures of long tubular bones
in children in a multicenter study.

Material and Methods. A retrospective
analysis of the children’s treatment for the period
from 2018 to 2023 at the Hannover Medical School -
HMS (Hannover, Germany), Regional Children’s Clinical
Hospital — RCCH (Stavropol, Russia), and Children’s
Regional Clinical Hospital - CRCH (Krasnodar, Russia)
treated for fracture of long tubular bones was performed.
The ages of the patients ranged from 3 to 18 years
(Table).

Table
Age range and gender difference of children with
diaphyseal fractures

Regional Children’s
Children’s Regional
Age Meg?cr;?osvciZol Clinical Clinical
gro- Hospital, Hospital,
up Stavropol Krasnodar
boys girls boys girls boys girls
3-7 10; 3; 21; 12; 12; 9;
years | 9.1 % | 2.7 % |17.3 %| 9.9 % |10.1 %| 7.6 %
7-14 46; 21; 35; 17; 39; 12;
years |41.8 % |[19.1 %|28.9 % |14.4 % |32.8 % |10.1 %
14- 22; 8; 23; 13; 32; 15;
18 20.0 %| 7.3 % |19.0 %|10.7 % |26.9 % |12.6 %
years
Total 110 children 121 children 119 children
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Inclusion Criteria: children from the age of three to
eighteen with diaphyseal closed fractures of the femur,
tibia, and humerus; both genders; no infectious diseases;
no genetic diseases; no use of hormonal medica-
tions.

Exclusion Criteria: patients who did not want to
undergo surgery; patients with open fractures; old
fractures; pathologic fractures; patients taking cytotoxic
drugs; and patients with congenital bone pathology.

All children were divided into two groups: the main
group — 142 children and the control group — 208 children.
In the main group, flexible elastic osteosynthesis with
flexible titanium rods was used for fractures of tubular
bones (Fig. 1). Osteosynthesis with extracortical plates
was used in the control group.

A B

Fig. 1. Treatment of a fractured leg bone in a child using
the ESIN technique: A — preoperative X-ray of the girl
with a right closed oblique diaphyseal fracture of the shin;
B — postoperative X-ray showing good fixation
by TEN of tibia fracture

The treatment of 110 children with diaphyseal
fractures using the HMS technique was analyzed. There
were 65 (59.1 %) children with tibia fractures, 38 (34.5 %)
with femur fractures, and 7 (6.4 %) with humerus
fractures. There were 76 (69.1 %) boys and 34 (30.9 %)
girls. There were 47 (42.3 %) children in the main group
and 63 (57.3 %) in the control group. ESIN technique was
used for tibial fracture in 24 (21.8 %) patients, femur —
23 (20.9 %), and humerus - 3 (2.7 %).

In RCCH, 121 children were treated for fractures of
long tubular bones during the study period. There were
79 (62.3 %) boys and 42 (34.7 %) girls. Femur fracture
was in 38 (31.4 %), humerus fracture in 19 (15.7 %),
and tibia fracture was observed in 62 (51.2 %). The main
group included 43 (35.6 %) children, and the control
group included 78 (64.5 %). Of the total number of
observations, the ESIN technique was used for femur
fracture in 9 (7.4 %) children, humerus fracture in
7 (5.8 %), and tibia fracture in 27 (22.3 %).

During the study period, 119 children were treated
for fractures of long tubular bones in CRCH. There were
83 (69.7 %) boys and 36 (30.3 %) girls. Femur fracture
was in 32 (26.9 %) patients, humerus fracture - in
23 (19.8 %), and tibia fracture — in 64 (53.8 %). The main
group included 52 (43.7 %) children, and the control
group 67 (56.3 %). Of the total number of observations,
the ESIN technique was used for femur fracture in
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16 (3.1 %) children, humerus fracture in
10 (1.9 %), and tibia fracture in 26 (5.1 %).

The ESIN technique was performed
using two rods of the same diameter. The
intramedullary rods were inserted retrogradely
to the level of the fracture line. Then, closed
repositioning was performed under EOP
control. Next, an immobilization dressing was
applied to the broken limb at the osteosynthesis
site. This mobilization did not cause torsional
forces at the fracture site.

We evaluated the effectiveness of the
ESIN method according to the following
parameters: duration of surgical intervention,
use of postoperative immobilization, patient
activation in the postoperative period, presence
of postoperative complications, time of fracture
consolidation, length of hospital stay, and
restoration of motor activity of the broken limb.

Statistical processing was performed using
Statistica10.0 (StatSoftInc., USA) software pac-
kages. The Mann - Whitney U-test was
applied, taking into account the sample’s
normal distribution. The qualitative data of
the two groups was compared using tables
from Fisher’s exact test. A p-value <0.05 was
considered statistically significant.

Results and Discussion. The analysis
of the leading performance indicators of the
ESIN technique in the main group showed the
following indicators. According to HMS, the
surgical intervention duration was 40.3+7.8
minutes, RCCH - 38.6+8.2, and CRCH - 41.5%+7.2.
Inthe control group, the duration of operative intervention
according to HMS data was 49.1+£3.4 minutes, RCCH -
48.7+4.9, and CRCH - 51.2+5.3. The main group’s
immobilization period was HMS - 3.7+1.5 weeks, RCCH —
4.6+1.1, and CRCH - 4.5%+1.2. In the control group, the
immobilization period was HMS - 5.7+0.5 weeks, RCCH —
6.2+1.2, CRCH - 6.5+1.1. Consolidation time was in
the main group, according to radiography data of three
centers, on average 4.5+0.6 weeks (Fig. 2). In the control
group, 6.1+0.5 weeks. At the same time, the decrease in
immobilization time contributed to reducing the possible
development of contractures, which improved the
patient’s quality of life.

According to HMS, no complications were observed
in any child after ESIN. According to RCCH, delayed
consolidation and nonunion of the femur fracture
were observed in 1 (0.7 %) adolescent. According to
CRCH: 1 (0.7 %) patient had a femur fracture minor skin
ulceration caused by the end of the rod.

Inthe controlgroup, afterextracortical osteosynthesis,
the development of local complications was noted in
5 (2.4 %) cases. There was one bone infection and
no delayed union in all hospitals. The development of
hypertrophic scars was also reported in 1 case at RCCH
and CRCH hospitals.

The average duration of hospitalization in the main
group, according to HMS - was 3.1%£1.1 days, RCCH -
5.2%1.2, and CRCH - 5.1+1.3. In the control group, the
average duration of hospitalization according to HMS —
6.3+1.9 days, RCCH - 9.1+1.4, and CRCH - 8.9+2.1.

According to the literature, experts have preferred
surgical intervention during the last decade, which

Fig. 2. Postoperative X-ray of a child with a right middle tibia diaphyseal
fracture treated with TEN. X-rays in the third month showed satisfactory
length, angulation, and rotation recovery:
A - lateral position; B — direct projection

provides rapid recovery, shortened rehabilitation, and
immobilization [5, 6]. In addition, itis more easily tolerated
by children psychologically. Many authors note that TENS
is preferable to other surgical techniques [7, 8]. At the
same time, it singles out the most preferable age group —
6-14 years old. Since the rods do not interfere with the
growth zone, they betterretain the fragments and improve
patients’ quality of life in the postoperative period.
Ligier J. N. et al. analyzed the treatment results of
123 diaphyseal fractures in children wusing the
ESIN technique [9]. The data obtained showed the
undoubtedly better result of treatment in comparison
with other methods of fixation [10]. Flynn J. M. et al.
analyzed 49 diaphyseal fractures and found significant
effectiveness of TENS application, which reduced the
time of fracture consolidation [11]. Similar results were
described by Venkataramana P. et al. when analyzing
30 diaphyseal fractures of the femur [12]. Postoperative
immobilization after osteosynthesis with elastic rods
is different [13, 14]. Ligier J. N. et al. did not use any
means of immobilization, while Flynn J. M. et al. used
coxite plaster cast in femoral diaphysis fracture. In our
study, immobilization in hip fractures was in the form of a
degloving boot.

Conclusion. Thus, ESIN in treating diaphyseal
fractures of long tubular bones in children showed a
high level of efficacy. This minimally invasive procedure
protects soft tissues without disrupting the blood supply
to the bone tissue. At the same time, a significant
advantage of this method is the absence of trauma to the
growth zone and avascular necrosis of the metaphysis.
These patients do not require long-term hospitali-
zation.
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