Genij Origpedii Vol. 25, no 4, 2019

Case report

© Pomogaeva E.V., Volokitina E.A., Kutepov S.M., Antoniadi Iu.V., Zverev F.N., 2019
DOI 10.18019/1028-4427-2019-25-4-569-575
Staged treatment of an intra-articular fracture of the distal tibia
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Introduction The severity of intra-articular fractures of the distal tibia results from the morphological features of this
segment, and therefore, bone injury is combined with trophic soft tissue disorders. Open reduction and internal fixation have
a negative effect on reparative processes in the local morphological structures, and complications such as soft tissue necrosis,
infection, infected and deforming osteoarthritis, or nonunion may develop. The aim was to show a clinical case of a stage-by-
stage treatment of an intra-articular fracture of the distal tibia using minimally invasive methods, reduction with the Ilizarov
apparatus and closed intramedullary osteosynthesis with a modified ChM nail. Results and discussion The Ilizarov apparatus
was used for primary reduction and stabilization of the fracture that enabled to eliminate gross displacements and to align
the axis of the segment. After the edema had ceased and soft tissue condition improved, closed intramedullary osteosynthesis
was implemented with a modified ChM nail. Conclusion A staged approach to manage intra-articular fractures of the distal
tibia enables to avoid additional soft tissue trauma and results in good clinical outcomes. The available metal intramedullary
implants for intra-articular fractures are imperfect, but their modification may improve stability and decrease the risks of

postoperative complications if the number of holes for locking is increased.
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INTRODUCTION

Distal tibia fractures associated with injuries of the
articular surface is a complex task for an orthopaedic
surgeon in terms of choosing the treatment option.
The combination of bone and soft tissue trauma
which is characteristic for such type of fractures does
not always allow choosing a fixation method that will
be optimal for the reparative process [1, 2].

The basic tactics of treating intra-articular
fractures of the distal tibia (IAFDT) involves an
open reconstructive intervention aimed to most
accurately restore the anatomy of the joint. However,
open reduction (OR) and internal fixation (IF) is
associated with a number of complications, such as
soft tissue necrosis, infection and the development
of purulent osteoarthritis, and slow consolidation.

According to the data of L.N. Rubekina et al. (2010)
[3], deforming arthrosis of the ankle joint of varying
severity was recorded in 38 % of cases following three
to five years after surgery; delayed consolidation and
pseudarthrosis were found in 10 % and 3 % of cases,
angular deformities of the lower leg and osteomyelitis
in 8 % and 9 % of cases, respectively. Complications
in the early and long-term period and low functional
outcomes after surgical interventions make the trauma
surgeons search for more effective and less invasive
methods of surgical treatment of these fractures [4, 5].
Purpose To demonstrate a clinical case of a staged
treatment of an intra-articular fracture of the distal tibia
using the Ilizarov method and closed intramedullary
osteosynthesis with a modified ChM nail.

MATERIAL AND METHODS

Patient B., 60 years old, sustained a fracture falling
from a height of about three meters. At admission,
she complained of pain in the right ankle joint and
functional restriction in the right lower limb. The axis
of the right lower limb was not mal-aligned visually.

The skin was intact and was rated grade 0 according to
the classification of H.G. Tcherne and L. Gotzen (1984)
[6]. In the lower third of the right lower leg, ankle joint
and foot there was a moderate swelling. Palpation and
axial loading revealed severe pain in the ankle joint.
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There was neither crepitation nor pathological mobility.
Movements in the right ankle joint were restricted and
painful. Peripheral neurological and ischemic disorders
in the limbs were not detected at the examination.

At each stage of the examination and treatment,
X-rays of the right ankle joint were taken in two
projections and measurements were done to objectify
the findings (Fig. 1). Values of the distal epidiaphyseal
angle (DEA) were found and compared with the
values of the reference lines and angles for the ankle
joint described in the manual of L.N. Solomin and
K.L. Korchagin [7]. Computed tomography was
used to clarify the morphology of the injury and the
reduction quality.

The admission radiographs of the right lower
leg and ankle joint revealed a fracture of the distal
epimetaphysis of the right tibia with a defect in
bone tissue along the anterior surface of the tibia
in the metaphyseal zone. According to AO/ASIF
classification, the fracture corresponded to type CI.
Given the swelling in the lower third of the leg, a
two-stage treatment tactic was chosen. The first
step was fixation of the lower leg and foot in the
distraction module of the Ilizarov apparatus consisting
of two supports. Two wires were inserted through
the metaphysis of the tibia proximally and fixed
in the ring of the Ilizarov apparatus; distally there
two wires in the calcaneus, fixed in 3/4 of the ring.
Distraction along three telescopic rods corrected the
displacements and restored the axis of the segment.
Moreover, the fixation of the lower leg in the Ilizarov
apparatus allowed the patient to be active from the first
hours after the injury. Radiographs of the right lower
leg and ankle joint in two projections before and after
the Ilizarov fixation are shown in Figure 1. The DEA

I

before fixation of the lower leg bones in the AEF in the
sagittal plane was 95.6 degrees which is 6.6 degrees
more than the norm; in the frontal plane it measured
63.4 degrees which is 16.6 degrees less than the norm.
X-ray measurement data after fixation of the lower leg
in AEF revealed the DEA in the sagittal plane equal to
89.3 degrees and 82.3 degrees in the frontal plane. The
results of reduction were positive as the position of
the fragments along the axis was satisfactory, and the
DEA was close to the reference values (Fig. 1).

Five days later, after the edema in the region of the
right lower leg and the ankle joint had reduced, the CIMO
of the right tibia using a modified ChM nail with static
locking was performed. The standard tibial ChM nail
with distal multi-axial locking has three holes for locking
in the proximal part, including one oval; there are five
holes in different planes in the distal part. The size range
meets the requirements for intramedullary rods.

In order to more accurately diagnose the
morphology of the fracture, CT scanning of the right
ankle joint was performed with the Ilizarov apparatus
on the limb (Fig. 2).

In order to enhance the stability of fixation, we
proposed a modified intramedullary ChM nail, which
is supplied with holes in addition to five standard distal
holes (below the horizontal plane of the fracture); two
holes were formed in the sagittal direction at a distance
of 1.00 and 2.5 cm above the horizontal plane of the
fracture. Fixation through additional holes prevented
the displacement of bone fragments. Figure 3 shows
a diagram of intramedullary osteosynthesis of the
intraarticular fracture of the distal tibia with the modified
nail, as well as a model of a distal tibial fracture and its
osteosynthesis with a modified nail with five screws for
multi-axial locking in various directions.

o -
. d

Fig. 1 Radiographs of the right ankle joint and the right lower leg of patient B., 60 years old, direct (a) and lateral (b) views,
prior to fixation in the Ilizarov apparatus module; direct (c) and lateral views (d) after fixation in the Ilizarov apparatus
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Fig. 2 CT scans of the right ankle joint and of the right lower leg bones in patient B., 60 years old; fixation of the bones of the
right lower leg in the Ilizarov apparatus on the segment: sagittal section (a), horizontal section (b); 3D reconstruction of the
distal tibia (c, d) shows a type C1 comminuted fracture of the distal epimetaphysis of the right tibia and damage to anterolateral

Tillaux-Chaput tubercle

The technology of intramedullary osteosynthesis
of the distal tibia did not differ in its main stages from
the osteosynthesis of a diaphyseal fracture. Under
spinal anesthesia and the patient supine, residual
displacements were reduced by a closed method
with the Ilizarov apparatus on, and the fragments
were temporarily fixed with wires. The entry point

b

Fig. 3 Diagram of intramedullary
osteosynthesis (a anteroposterior
and b lateral views) with two
screws in the anteroposterior
direction  inserted  through
additional holes above the
horizontal plane of the fracture.
Photo of abone model of a fracture
of the distal tibia epimetaphysis
and its intramedullary fixation
(c anteroposterior and d lateral
views)

for the nail was formed along the anterior surface in
the proximal tibial epimetaphysis at the border with
the joint. A canal in the tibia was prepared, then the
nail was introduced into the tibia. The nail was locked
through three standard distal openings (below the
fracture) and through two additionally holes (above
the fracture) (Fig. 4).

Fig. 4 Radiographs of the right ankle joint and the right lower leg of patient B., aged 60, direct (a) and lateral (b), after surgical
treatment showing that residual displacements were eliminated, the axis of the segment was normalized, congruence of the
articular surface was achieved; c, d, e control CT scans of intramedullary osteosynthesis of the distal tibia epimetaphysis
showing a satisfactory position of the fragments and metal fixators
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Prior to CIMO with the modified nail, the fracture
in the area of the distal anterior Chaput tubercle was
reduced and fixed with temporal wires. Upon nail
locking, the tubercle was screwed outside the nail.

CT checked the position of the nail in the distal tibia.
Figure 4 shows a 3D-reconstruction of the distal tibia
upon fixation with the nail and a horizontal scan at the
level of the screw to fix the Chaput tubercle.

RESULTS

Figure 5 are radiographs of patient B., 60 years old,
12 months after surgical treatment. The fracture
consolidated without secondary displacement of the
fragments. At 12-month follow-up, the function of
the ankle joint was good; the patient was active and

gl

walked fully loading the right lower limb and did
not limp. The mid-term (6 months) and long-term
(12 months) scores on the scale of E. Mazur (2010) [8]
were 78 and 84 points, respectively. The outcome was
rated as excellent (Fig. 5).

A b

Fig. 5 Radiographs of the right ankle joint and the right lower leg bones of patient B., 60 years old, direct (a) and lateral (b),
12 months after surgical treatment. Photo of the right ankle joint (c) showing a full range of motion achieved

DISCUSSION

According to the AO/OTA classification [9], intra-
articular fractures of the distal tibia is a heterogeneous
group of injuries from relatively mild fractures type
43 B1 and 43 Cl1 to fractures of type 43 B3 and 43 C3
that are complex, comminuted, and often associated
with severe soft tissue damage. Surgical treatment
of any fracture of this location should meet a number
of requirements which are restoration of the axis and
length of the fibula, restoration of the articular surface of
the tibia, repair of defects in the metaphysis and stable
fixation. The method of open reduction and internal
fixation meets all four requirements [10, 11, 12]. In
the recent decades, a fifth requirement has prevailed
over the four principles which says that the choice of
a specific treatment method should be determined
by the condition of distal tibia soft tissues. Therefore,
researchers have been exploring an alternative to open
reduction and internal fixation methods, among which is
a two-stage treatment tactics [13 ] and new possibilities
of IMO (intramedullary osteosynthesis), especially in
older people with thin skin or damaged soft tissues, as
well as in patients at high risk of wound healing failure.

572

In the early posttraumatic period, the solution to the
problem of soft tissue healing is a two-stage treatment
tactics, which involves external fixation at the first
stage followed by changing to internal osteosynthesis
as the second stage of treatment. This approach enables
to restore the segment axis early after the injury, to
eliminate gross displacements of fragments, and, as a
result, to level the internal damage to soft tissues with
the fragments [14, 15, 16]. Our method of temporary
fixation of intra-articular fractures using the distraction
module of the external fixation device meets the above
requirements (RF patent No. 2564080).

Postoperative wound healing in the patients with
intra-articular fractures of the distal tibia might be
solved with low-invasive treatment methods at the
second stage, in particular, with intramedullary
osteosynthesis.

Classical variants of intramedullary osteosynthesis
have been considered to be the “gold” standard for
repair of diaphyseal fractures of long bones. The
available on the market intramedullary nails with
proximal and distal multi-axial locking using screws
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have expanded the indications for intramedullary
osteosynthesis to periarticular fractures. The question
of using intramedullary osteosynthesis in intra-
articular fractures seems logical [17].

Publications devoted to the
osteosynthesis of intra-articular fractures of the distal
part of the lower leg bones are scarce. A significant
part of the literature is devoted to the techniques of
intramedullary osteosynthesis of extra-articular tibial

intramedullary

fractures [17]. In some cases, authors that used IMO for
fixation of metaphyseal fractures admit that a fracture
line extending from the metaphysis to the articular
surface without impression of the latter (fracture
type 43 B1) can be considered as a fracture type 43A
and, accordingly, be treated in a similar way [18 ].

Among the publications on the synthesis of intra-
articular fractures of the distal tibia, there are also
studies regarding the benefits of choosing either a
plate or a nail. In 2014, X.H. Xue et al. [19] conducted
a meta-analysis and systemic review comparing a nail
and a plate for management of metaphyseal fractures
of the distal tibia and found a higher functional score
and lower risk of infection in the group of patients
treated with nails. The research of S. Kumar et al.
(2018) [20] confirmed their findings.

In 2019, a group of authors published data on
a meta-analysis comparing the efficiency of two
methods of fixation, plating and nailing, in the
treatment of distal metadiaphyseal fractures of the tibia
with and without involvement of the articular surface
[21]. The authors concluded that plating and nailing
are two effective osteosynthesis methods for repair
of periarticular fractures. However, complications
observed by nailing were pain in the knee joint and
a higher risk of deformity at the fracture level. But
the risk of wound infection was higher in using the
methods of open reduction and internal fixation.

The use of IMO for intra-articular fractures
is usually indicated for fractures of type 43 BI,
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B2 and fractures of type 43 Cl1 and C2 which
are not associated with a severe damage to the
articular surface and for which open reduction of
the articular fragments may not be a need. In such
cases, intramedullary osteosynthesis requires careful
preoperative planning and surgeon’s experience in
closed reduction of fragments. Moreover, standard
nail designs for the synthesis of such distal fractures
are imperfect, since they do not consider the anatomy
of the articular ends. In the area of the intramedullary
canal transition from the narrow zone of the tibia
to the distal metaepiphysis (wide zone) the nail
mismatches the inner space of the tibia, which causes
instability of the structure, the so called effect of a
“pencil in a glass”. It can result in early instability
and secondary displacement of bone fragments [22].
In particular, M.S. Marcus et al. (2013) evaluated the
results of intramedullary osteosynthesis in 31 patients
with fractures of the distal lower leg bones (fractures
corresponded to type 43 C1-C2). The complications
found by the authors were one nonunion, one case
of delayed consolidation, one case of thrombosis
and two cases of infectious complications [23]. The
authors recommended the use of off-rod screws to
enhance the stability of osteosynthesis.

The modification of the ChM nail proposed that
has two holes in the sagittal direction at a distance
of 1.00 and 2.5 cm above the horizontal plane of the
fracture increases the stability of fixation to prevent
secondary displacement of bone fragments.

Given the rare incidence of fractures of types
43 B and 43 C, as well as even a rarer occurrence
of fractures for which the method of intramedullary
osteosynthesis would be indicated, further study of
this topic requires large-scale prospective randomized
studies. So, our experience of intramedullary
osteosynthesis of intra-articular fractures of the
distal tibia may be useful for the development of this
minimally invasive technique.

CONCLUSION

We opine that the staged approach to managing
intra-articular fractures of the distal tibia that are
anatomically complex using minimally invasive
methods of distraction osteosynthesis with the
and closed

Ilizarov apparatus intramedullary

osteosynthesis with a modified ChM nail is
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reasonable and low-traumatic. Modification of the
IMO nails by increasing the number of holes for
locking in the distal bone portion (over the fracture
plane) is aimed to reduce the risks of postoperative
complications, improve fixation stability and obtain
good results.
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