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Introduction Repair of a double open comminuted fracture of forearm bones with extensive bony loss is challenging due
to a high risk of infection and the need to address a significant bony defect. Neither internal fixation nor open reduction
could be considered due to substantial bone loss and severely impaired circulation with a high risk of soft tissue necrosis
and infection. We report staged management of forearm fracture using avascular autologous graft to repair the defect and
maintain the forearm length. Objective Demonstrate the successful management of the double open comminuted fracture
of forearm bones with extensive bony loss using Ilizarov external fixation, classical autologous grafting harvested from
fibula and intramedullary (IM) nailing. Results and discussion The limb was temporarily fixed with Ilizarov frame in an
extra-focal manner. An autogenous fibular graft of 11 cm was used to fill in the gap. Intramedullary nailing of the radius
and ulna was produced and ulnar defect was repaired with autogenous fibular graft. IM nails were removed once the
bones consolidated. The limb function was completely regained, anatomical length of the segment maintained and metal
constructs removed. Conclusion Combination of different bone fixation modalities, classical autografting technique and
intramedullary nailing provided complete recovery of the broken limb maintaining the function and bringing down the

risk of complications to ensure a good clinical result.
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INTRODUCTION

With  the
traumatology and orthopedics, repair of extended

successes achieved in modern
circular defects of long bones following open
comminuted fractures with extensive bone loss has
the great medical and social impact for reconstructive
surgery. There is an increasing number of patients
who sustain injuries caused by accidents and may
occur at home, work, or play to be treated with a
variety of surgical options [ 1], with its advanatges and
disadvantages. Difficulties in treatment of patients
with open double comminuted forearm fractures
with extensive bone defect are associated with an
increased risk of pathological processes resulting from
mechanical damage and infection of open wounds
necessitating restoration of lost integrity between the
proximal and distal radius and ulna with significant
bone loss. Soft tissue injury is reported to range from
18.0 to 44.1 % in bone fractures [2, 3]. According
to the data from the A.V. Sklifosovsky Research
Institute of Emergency Medicine, open fractures
are complicated by osteomyelitis in 5.9 % of cases
with the prevalence increasing to 61 % in combined,

multiple injuries [4]. Osteomyelitis can result from
open fractures of long bones, surgical treatment of
closed fractures at a short term with the occurrence
ranging between 5.3 and 75.4 % as a consequence of
open fractures [5].

Neither internal fixation nor open reduction could
be considered due to substantial bone loss and severely
impaired circulation with a high risk of soft tissue
necrosis and infection. Different technologies are
employed to repair bone defects [5—8] including the
Ilizarov method [1, 5 9, 10, 11], fibula transfer [12],
replantation of vascularized or free non-vascularized
autograft at the gap [13], interlocking intramedullary
nailing [14].

Distraction osteogenesis, which involves gradual
lengthening of the proximal and the distal portions
of bone or two bone fragments at a time [11], has
many advantages avoiding morbidity at donor sites
and ensuring reduced surgical and infectious risk.
However, the duration of osteogenesis in extensive
bone defects, in particular, wishes of the patient
can necessitate use of other surgical modalities and
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their combination. The preferred option is to use
the patient's own tissues to fill a large bone defect,
and fibula is widely used as an autograft [1, 12,
13]. Distraction osteogenesis, non-free bone graft
and Ilizarov external fixation, replantation of a
vascularized or free autograft into the defect site are
considered biological methods of defect replacement
and require long-term treatment and meticulous
attention to the in-patient that might be difficult to
perform in outpatient settings for people living in
remote areas. Therefore, distraction osteogenesis

can be combined with interlocking intramedullary
nailing, autotransplantation and their combination
to provide high-quality treatment and save time. In
addition to that, patients might be reluctant to have
foreign bodies, implants in the bones, or experience
discomfort from some methods of treatment offered.

Objective Demonstrate the successful management
of the double open comminuted fracture of forearm
bones with extensive bony loss using Ilizarov external
fixation, classical autologous grafting harvested from
fibula and intramedullary (IM) nailing.

MATERIAL AND METHODS

Patient Z.M., born 1989, sustained an injury falling
from height. Physical and radiological examination
revealed an open double comminuted fracture of
forearm bones, extensive defect of the ulnar diaphysis
measuring more than 9 cm Gustilo and Anderson
classification of open fractures grade II (Fig. 1).

Fig. 1 Preoperative radiographs of the right forearm of
patient Z.M.

Extrafocal external fixation of forearm bones with
the Ilizarov apparatus was produced at the first stage
(Fig. 2) without addressing the defect using the known
technique [11]. Minimally invasive closed reduction
of the radius and ulna was produced with Ilizarov
rings and wires with normal anatomical length of
the segment regained and the longitudinal axis of the
limb realigned. Surgical debridement of the soft tissue
wound was performed. The patient could ambulate
and was followed up. The limb was fixed with the
frame on for 5 weeks to allow wound healing.

Infection was arrested with antibiotics administered
with laboratory tests being available with first signs
of infected wound detected. The second stage of

treatment was initiated after six weeks with the
soft tissue wound healed using an avascular fibular
autograft to repair ulnar defect with the classical
method [8, 16]. Fibular autografting involved no blood
vessel transplants. Approximately an 11 cm section of
fibula was carefully dissected free (Fig. 3) taking care
of muscles. The periosteum and muscle portions were
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attached to the bone at a larger graft surface.

-
r
!

Fig. 2 Radiographs of the right forearm with frame
applied to the upper limb

Fig. 3 Photograph showing harvesting procedure

The fracture site was exposed with a longitudinal
incision over the ulnar defect with the bone ends
being properly debrided. The bone being in contact
with the graft was debrided, refreshed to bleeding to
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improve nutrition to the autograft. A bed was made to
allow the avascular autograft in. A smooth Bogdanov
pin, which was available and fitted for the patient,
was used to fix the autograft and provide mechanical
alignment of the proximal and distal ulna. The pin was
inserted in a retrograde manner through the olecranon
into the intramedullary canal of the autograft and the
distal ulna. Wire fixation was produced and stable
fixation of the ulna and the autograft was secured
with intramedullary nail, and the Ilizarov device was
removed. Intramedullary nailing provided fixation
of the forearm bones and fibular graft at the defect
site. Smooth wires that were available and fitted the
patient were used for the case.

Open intramedullary osteosynthesis of the radius
was performed with two smooth elastic wires. The
fracture site was exposed using two incisions with wires
being inserted into the intramedullary canal through
the radiocarpal joint, and the radius reduced. Double
oblique fractures of the radial shaft were additionally
fixed with cerclage sutures and IM nail in place to ensure
stabilization and mechanical strength to the bone. A
short transverse wire was placed in the distal metaphyses
of the radius and ulna to prevent displacement. The
patient was followed up with IM nail and wire fixation
performed for 22 months with appropriate radiological
control. A radiograph made at 22-month follow-up of
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the second stage of treatment (Fig. 4) showed healing
of the bone and the autograft with signs of inflammation
at the olecranon around the Bogdanov IM nail. The
metal constructs were removed through mini-incisions
with bone fusion confirmed radiologically and the limb
function recovered according to the physical examination
and functional tests. The patient also wanted to have IM
nails and wires removed. With all the metal constructs
removed the patient could maintain bone consolidation
radiologically. The patient stayed at the hospital for one
week, showed maintained limb function and was seen at
follow-up visits.

Fig. 4 Radiographs of the right forearm showing forearm
bone fixation with IM nails

RESULTS

The multi-stage treatment of the patient with a
forearm fracture using extra-focal external fixation
at the acute period of injury followed by subsequent
replacement of the bone defect with fibular autograft
combined with IM nailing and wiring allowed
us obtain the completely restored limb function.
Anatomical length of the segment was maintained
and all fixation constructs removed (Fig. 5).

Clinical assessment was produced with the elbow
surgery score (Richards R. R. et al., 1994) to identify
range of motion in the elbow, joint condition, pain,
hand strength and the extent of daily activity. A
healthy elbow joint on this scale gets the maximum
score (100 points). The patient's elbow scored 70 at
a 24-month follow-up [17] and she showed full wrist
and elbow function (Fig. 6).

Fig. 5 Radiographs of the right forearm at a one-year follow-up
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Fig. 6 The patient's limb function at one-year follow-up with metal constructs removed showing (a) elbow flexion; (b) supination
and pronation of the hand

DISCUSSION

Extra-focal or intramedullary osteosynthesis can be
the method of choice for open fractures of the forearm
bones depending on the nature of injury. Fibular graft
is normally used to repair extensive bone defects.
However, long-term external fixation of the graft or the
regenerate bone can lead to contractures of the adjacent
joints and impaired limb function. In addition to that,
the timing of distraction osteogenesis cannot be always
acceptable for both the patient and the health care
system. Intramedullary nailing or wiring used early after
bone injury with extensive soft tissue wounds, primary
bacterial contamination, comminution can be associated
with infectious complications, suppuration and necrosis.
A variety of surgical options can be attempted for
one patient employing different modalities and their
combinations to achieve an optimal outcome.

Compared to plaster cast immobilization, external
fixation device provides effective immobilization of
the limb allowing treatment and control of wound
healing. Humerus and forearm bone defect can be
successfully repaired with fibular grafting allowing
reliable replacement of bone loss. The use of
massive avascular grafts is reported to be associated
with the risk of re-infection, long-term structural
adjustment and osteolysis [18]. This clinical instance
demonstrates the possibility of using an autograft
without a vascular pedicle performing anastomosis
in the patient with a large ulnar defect. The use of
intramedullary fixation allows the patient reduce the
time for constrained limb position, reduce risk of
contractures, initiate early motion maintaining limb
function.

CONCLUSION

Combination of external and internal bone
fixation, autografting was shown to provide a
complete recovery of the broken forearm bones

resulting from an open comminuted fractrure of both
bones with extensive bone defect exhibiting a good
clinical outcome.
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