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Introduction Periarticular injuries in children include types I and II fractures according to the Salter-Harris classification and metaphyseal 
fractures. In most cases, conservative treatment is an effective method, but in some cases, surgical treatment, including external fixation, 
is the method of choice. Purpose Discussion of the principles of using the Ilizarov apparatus in the treatment of children with periarticular 
fractures of various locations, its advantages and disadvantages. Materials and methods We present the principles and features of the 
Ilizarov surgical techniques for treatment of children with periarticular fractures of the distal humerus, femur, radius and tibia. Discussion 
The methods of osteosynthesis for pediatric periarticular fractures imply transphyseal introduction of fixators that have a potential threat of 
iatrogenic damage to the growth plate in contrast to external fixation which performance implies that transosseous elements do not injure 
the growth zone, providing stable fixation of bone fragments in combination with early functional recovery of the damaged segment which 
is a key advantage over other methods. Conclusion The use of the Ilizarov apparatus enables to achieve the desired result in the treatment 
of pediatric periarticular fractures and has a number of advantages over other methods of surgical treatment.
Keywords: children, periarticular fractures, humerus, femur, tibia, radius, Ilizarov method

INTRODUCTION

In the literature, the concept of periarticular or 
juxta-articular (JAP) fractures in children unifies 
types I and II fractures according to the Salter-
Harris classification (SH I, II) and fractures of 
the metaphysis [1–6]. There is also a term "juxta-
epiphyseal" and "extra-articular physeal" fracture [3, 
7-9]. In these injuries, the fracture line passes through 
the growth plate in the horizontal plane, causing its 
partial (SH II) or complete (SH I) damage, while 
the germinal zone of the physis remains intact and 
the subsequent growth of the bone is unaffected in 
contrast to intra-articular fractures (SH III, IV, V). 
In cases of metaphyseal fractures of long bones in 
children, especially comminuted ones, damage to the 
growth plate is also possible [3, 7, 9].

Juxta-articular pediatric fractures are common 
injuries associated with forced bending and rotation 
as a result of falls and sports injuries, as well as 
high-energy trauma [7, 9–11]. In most cases, SH I or 
SH II fractures and almost all simple uncomplicated 
metaphyseal fractures are treated with closed manual 
reduction and immobilization with a plaster cast [8, 
12-14]. Complications in these cases are rare because 
of a relatively rapid fracture consolidation and high 
potential for growing bone remodeling, especially 
in young children [2, 15–19]. However, there are a 
number of indications for surgical treatment of these 
fractures. Bohn et al [2] argue that the periarticular 
nature of the fractures is associated with a high risk 
of early (secondary displacement, improper union, 
contracture) and late (limb shortening, angular 
deformity) complications. Juxta-articular fractures 

are often associated with damage to the skin, nerves, 
and ligaments [4, 12, 15, 20–22]. Comminuted and/or 
open periarticular fractures are complex injuries, often 
requiring a surgical approach, which can cause certain 
difficulties for the doctor during treatment [23, 24]. The 
goal of surgical treatment of all extra-articular fractures 
is to achieve bone consolidation in an anatomically 
correct position with a good functional outcome, 
including early mobilization of the injured limb and 
restoration of its supportability [4–6, 21, 25]. Therefore, 
certain requirements dictated by the childhood must 
be met: exclusion of iatrogenic significant damage to 
the growth plate, adequate reduction, minimal surgical 
aggression, ensuring stability of fixation even with a 
comminuted fracture, early restoration of the function 
of the damaged segment and the general activity of the 
child. These requirements present certain limitations 
for the surgeon in choosing the method of surgical 
treatment. The small size of one of the bone fragments 
limits the surgeon's choice of a fixator [18, 19, 26–28]. 
All of the above excludes the use of traditional internal 
fixators [13, 16, 29–33].

External fixation foresees the introduction of 
transosseous elements at different angles without 
affecting the growth plate. The classical transosseous 
elements of the Ilizarov apparatus are wires with a 
diameter of 1.5–1.8 mm that provide stable fixation 
of even small fragments [4, 21, 23, 34].

The purpose of the study was to discuss the 
principles of using the Ilizarov apparatus in the 
treatment of children with juxta-articular fractures of 
various locations.



419

Genij Ortopedii, Vol. 27, no 4, 2021

Original Article

MATERIAL AND METHODS

Periarticular fractures of the distal humerus 
(supracondylar fractures)

Surgical technique Skeletal traction on the 
operation table is performed through the olecranon to 
eliminate rotation and angulation of bone segments as 
step one (Fig. 1).

Fig. 1 Patient with the Ilizarov apparatus on the humerus 
and the diagram of its minimal assembly

Intraoperative X-ray control (C-arm) is required 
for accurate insertion of transosseous elements. Thin 
wires may be inserted into the skin as landmarks along 
the anterior and lateral surface of the humerus at the 
level of the planned introduction of the transosseous 
elements. It will reduce the number of intraoperative 
X-ray examinations. Upon satisfactory reduction of 
the fragments and correct location of the wire markers, 
transosseous elements are inserted. Preference is given 
to wires with a diameter of 1.5 and 1.8 mm. The number 
of supports of the Ilizarov frame depends primarily 
on the age of the patient. In preschool children, a 
“lightweight” version of the Ilizarov apparatus can 
be used: one ring support is used at the level of the 
proximal fragment and the transosseous elements that 
pass through the distal fragment are fixed on threaded 
rods (Fig. 1). Thus, it is possible to reduce the weight 
of the frame and improve the radiological visualization 
of the position of the fragments (Fig. 2).

Fig. 2 Closed supracondylar fracture of the humerus (Garland III): a X-ray of the fracture zone before surgery; b radiographs in 
two projections after Ilizarov osteosynthesis; c X-rays taken in two projections after dismantling the Ilizarov apparatus

In children of school age and older, the 
requirements for the stability of bone fragments are 
higher. Therefore, the Ilizarov frame consists of 3 
supports with the distal fragment fixed on a half-ring 
or 3/4 of the ring for providing an open sector along 
the anterior surface to maintain movements in the 
elbow joint in the postoperative period.

In children with supracondylar fractures, the 
Ilizarov method allows one-stage closed reduction, 
stable fixation of bone fragments, even in a comminuted 
fracture, and provides early functional recovery.

We recommend Ilizarov transosseous 
osteosynthesis in children with supracondylar 
fractures as the method of choice for severe open and/
or comminuted fractures, fractures that are difficult to 
reduce, or for cases of secondary displacement after 
wire osteosynthesis.

Periarticular fracture of the distal radius
The standard surgical technique is to pass 2 wires 

through the proximal ulnar and one wire through 
both bones of the forearm. The wires are tensioned 
and fixed in a ring support that is perpendicular to the 
axis of the forearm. The distal wire is passed through 
the metacarpal bones 2 to 5 and fixed in a half-ring 
support. The supports are connected with threaded 
rods including an intermediate support, which is 
located 2–3 cm proximal to the fracture line (Fig. 3). 
Distraction is performed between the distal ring and 
the distal half-ring to eliminate the displacement 
along the length. Usually, only two wires are passed 
through the distal fragment of the radius: the olive 
wire is drawn parallel to the growth plate from lateral 
to medial, and the cantilever olive wire is drawn in 
the anteroposterior direction, the latter passes only 
the thickness of the bone, without going beyond the 
anterior cortex. The wires are fixed to a ring support 
through posts of the required size. The final reduction 
is performed using a wire passed through the distal 
part of the proximal fragment.
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Upon radiographic checks of satisfactory position 
of the fragments, distraction forces in the contour of 
the apparatus are released. Given the small size of the 
distal fragment, fixation of the wrist joint is continued 
until the edema and pain are relieved, usually for 
7–10 days, after which the wire passed through the 
metacarpal bones is removed, and the child begins 
active motions of the wrist joint. We have never 
noticed difficulty in regaining movements. Moreover, 
the Ilizarov technique allows preserving function in 
patients with bilateral distal radial fractures.

The advantages of external fixation in the treatment 
of these injuries are the early functional restoration of 
the injured forearm without loss of fixation stability of 
fragments in comparison with the conservative method 
and wire osteosynthesis [4, 27]. Besides, the wires 
passed through the epiphysis do not cross the growth 
plate, excluding its additional iatrogenic damage.

Periarticular fractures of the distal femur
Gross displacements are eliminated by traction on 

the operating table with a wire that is passed through 
the epiphysis of the femur or the tuberosity of the tibia. 
Intraoperative X-ray control (C-arm) is necessary 
to determine the exact position of the transosseous 
elements (wires, Schanz screws). The assembly of the 
Ilizarov apparatus includes 3 supports. The proximal 
support must have at least three wires or two Schanz 

screws attached at an angle to each other. The use 
of Schanz screws allows mounting of a smaller size 
support, what is more comfortable for the patient. In 
the middle support, two wires are usually sufficient 
that cross 5–6 cm above the fracture line. Supports are 
mounted perpendicular to the anatomical axis of the 
femur. The anatomy of the femur allows three wires 
(including the traction wire) to be passed through the 
epiphysis. The wires, being tensioned, are fixed to the 
distal ring support. The final reduction is performed 
with known reduction techniques using reduction-
fixation wires in the middle support or by manipulating 
ring supports (Fig. 4). In a concomitant damage to the 
knee joint soft tissues, it is necessary to mount the 
module on the lower leg and fix the knee joint.

Periarticular fractures of the distal tibia
As in fractures of the distal femur, the surgical 

technique for distal juxta-articular tibial fractures 
involves traction on the operation table for performing 
primary reduction. A module of two ring supports is 
mounted on the proximal fragment. At the level of each 
support, at least two wires are crossed and fixed being 
tensed on the supports. The wires passing through the 
distal epiphysis are inserted strictly parallel to the 
growth plate, without crossing the latter, and are fixed 
in the distal support (Fig. 5). Reduction is performed 
using well-known reduction maneuvers.

Fig. 3 Closed fracture of the distal metaphysis of the forearm (SH II). Radiographs of the fracture area taken in two projections: 
a before the operation; b after osteosynthesis according to Ilizarov; c after dismantling the Ilizarov apparatus

Fig. 4 Closed fracture of the distal epimetaphysis of the femur (SH II). Radiographs taken in two projections: a before the 
operation; b after Ilizarov osteosynthesis; c after dismantling the Ilizarov apparatus
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Fig. 5 Closed fracture of the distal epimetaphysis of the tibia (SH II). Radiographs taken in two projections: a before the 
operation; b after Ilizarov osteosynthesis; c after dismantling the Ilizarov apparatus

DISCUSSION

The available literature states that external fixation 
of pediatric supracondylar fractures is indicated for 
fracture types III and IV, when the use of standard 
percutaneous wire osteosynthesis cannot provide 
stable fixation, in cases of severe soft tissue edema 
of the elbow joint region, as well as in comminuted 
fractures and fractures with neurological or vascular 
complications [27, 28, 34, 35]. External fixation allows 
control of soft tissues condition in the fracture zone, 
and if necessary, may provide timely revision [32]. 
According to Gugenheim, the indications for the 
Ilizarov method are the impossibility of achieving 
adequate reduction due to the anterior displacement 
of the distal fragment, a long time interval since the 
injury, and the comminuted nature of the fracture [35]. 
On the other hand, conservative treatment is 
recommended for most type I and II fractures with 
the posterior cortex intact [20, 26]. Percutaneous wire 
osteosynthesis and ESIN provide sufficient stability of 
bone fragments in simple fractures of types III, IV, and 
V [20, 28, 29, 31, 37]. Compared with percutaneous 
wire osteosynthesis, ESIN allows early motions in the 
elbow joint, excludes iatrogenic damage to nerves and 
blood vessels, and may be used in cases of significant 
edema and hematoma in the elbow joint [29, 31].

In our opinion, external fixation is not indicated 
in a simple periarticular distal fracture of the forearm 
bones. Its conservative treatment guarantees good 
functional and anatomical results [15–17, 38]. 
However, it is known that distal fractures may be 
unstable, especially when comminuted. Closed 
reduction and immobilization with a plaster cast 
are associated with secondary displacement in up to 
27 % [19]. Chia et al also noted the high likelihood 

of secondary displacement with conservative 
treatment [15]. Ramoutar et al [37] observed a high 
complication rate (17 %) by studying the results after 
wire osteosynthesis.

Conservative treatment [7, 13], fixation with screws 
[39, 40], percutaneous wire osteosynthesis [40] and 
antegrade ESIN [29] are indicated for the treatment of 
uncomplicated distal juxta-articular femoral fractures. 
But the rate of early and long-term complications, 
according to the literature, is relatively high. Among 
them, the most common are damage to the ligaments 
of the knee joint, compartment syndrome, damage 
to neurovascular structures, and post-traumatic 
epiphyseodesis [21, 22, 41]. Complications after distal 
femoral epiphysiolysis occur in 37–70 % [40]. The 
Ilizarov method can be considered as the method of 
choice in the treatment of fractures of the distal femur 
for the following reasons it provides: adequate closed 
one-stage reduction, stable fixation, allowing early 
full axial load on the injured limb [12, 21, 39, 42].

In uncomplicated extra-articular distal fractures 
of the tibia, the Ilizarov method, in contrast to 
conventional methods of treating, allows early weight-
bearing of the injured limb [46, 47]. These fractures 
are most common in older children and adolescents, 
when there is little time for remaining growth, and 
post-traumatic shortening or deformity will not lead to 
significant impairments [7, 43]. However, premature 
closure of the epiphyseal growth plate leads to 
clinically significant deformity in schoolchildren [45]. 
Özkul et al observed angular deformity associated 
with this complication in 20–60 % [14]. Currently, the 
optimal treatment for SH II fractures of the distal tibia 
has not been determined [6, 44].

CONCLUSION

General indications for the use of the Ilizarov 
method in children are comminuted, complicated and/
or open fractures, especially in the distal humerus, 
radius, femur and tibia.

The Ilizarov method, unlike other surgical methods 
for treating pediatric fractures, avoids additional damage 
to the growth plate, since the wires pass in a parallel 
plane; provides an adequate closed one-stage reduction 



422

Genij Ortopedii, Vol. 27, no 4, 2021

Original Article

of bone fragments, which preserves blood supply to 
the damaged tissues. The Ilizarov apparatus ensures 
the stability of fixation of fragments even in cases of 
comminuted fractures and the possibility, if necessary, 
of controlling the position of bone fragments throughout 

the treatment process. Early recovery of the function of 
the damaged segment and children’s general activity 
also distinguish the Ilizarov method from other methods. 
Extra-focal fixation may be the method of choice for 
acute post-traumatic bone and soft tissue defects.
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