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Outcomes using the Ilizarov external mini-fixator for Monteggia fractures in children
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Lenb. OueHnTb pes3ysibraThl UCIOIb30BaHNMSI BHEIIHe MUHK-(uKcauyy o VamsapoBy mpu JiedeHnn repesioMoB MOHTeIK1a (BbIBUX TOJIOBKM JIyYeBOM
KOCTM C CONYTCTBYIOLIMM IIEPEIOMOM ITPOKCHMMAJILHOTO OT/esIa JIOKTEBOI KOCTH) V AeTeli. Marepuasbl M MeToAbL. B ncciienoBatme BRIIOUEHB! SETH
C TIePeIOMOM JIOKTEBOM KOCTM B IPOKCHUMAIBHOM OTZEIe, KOTOPhIM GblIa TIPOBELEHa Oreparysi 0 PErOo3NLMA [epeioMa C MCIIOIb30BaHMeM BHELIHMX
MuHU-(VKcaTopoB VnmsapoBa ¢ nocienymomein MMOOUIM3aLMel CYMMHMPOBaHHOTO MPEAIUIeYbst TUIICOM. HapyliieHust olieHBaIu BO BpeMsi Orieparmmn
¢ momotupio aprporpadun. Kpurepuy Makkest MCIOIb30BAINCh [JIsI OLEHKM KIVHUYECKUX MCXOLOB INPM IMOC/enyioleM HabmoneHy. PesyabraThl.
Bcero B mccenoBanve 6110 BRIoueHo 15 mereit. dddektnBHoCcTh 0 Mackay cocrasmia 100 %, 4to CBUMAETENBCTBYET 00 OTIMYHBIX Pe3yJIbTaTax
IPY  MCIIOJIb30BAaHMM BHeIIHero MuHu-¢ukcaropa Mimsaposa. 3akirouenwue. Vcronb3oBaHue BHellHero MuHu-¢ukcaropa VimsapoBa 0COGEHHO
11e/1eCOO0OPa3HO P JIEUeHMM [eTeil C OCKOIBYATBIMM ¥ KOMIIPECCHOHHBIMM IepeioMaMyl MPOKCYMAaTIbHOTO OTAesa JIOKTeBoi koctu. OH mpocT B
9KCIUTyaTalyy, MaJIOVIHBa3MBeH U TPeGyeT JaIbHEIIIero IPOABYIKeHVSI.

KitioueBble c10Ba: JeTH, JIOKTEBAst KOCTb, repesioMbl MoHTemkua, Munn-dukcarop Mamnszaposa, aprporpadusi, rMIICoOBas MMMOGMIM3ALINS

Objective To evaluate the use of Ilizarov external mini-fixation in the treatment of Monteggia fractures (dislocation of the radial head with an associated
fracture of the proximal ulna) in children. Methods Children with proximal ulnar fracture were included and underwent fracture reduction surgery with
Ilizarov external mini-fixators, followed by immobilization of the supinated forearm with plaster. The reduction was evaluated intra-operatively using
arthrography. Mackay criteria were used to evaluate clinical outcomes at follow-up. Results A total of 15 children were included in the study. Mackay
efficacy was 100 %, indicating excellent outcomes using the Ilizarov external mini-fixator. Conclusion Use of the Ilizarov external mini-fixator is
particularly suitable in the treatment of children with comminuted and compression fractures of proximal ulna. It is easy to operate, low invasive and is

worthy of promotion.
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INTRODUCTION

Studies on the pathology, classification, diagnosis,
and treatment of fractures of the proximal ulna,
Monteggia fractures, in children have been published for
more than a century [1]. However, this type of fracture in
children still poses challenges for orthopedic surgeons.
The treatment principles for Monteggia fractures repair
in children is to correct ulnar deformity, maintain the

length of the ulna, restore the humeroradial joint, and
ensure the stability of the fracture. A suitable surgical
method must be chosen on the basis of these treatment
principles.

The goal of this study was to evaluate whether Ilizarov
external mini-fixation is suitable for the treatment of
Monteggia fractures in children.

METHODS

General information

Children with proximal ulnar fractures who were
diagnosed and treated at our department from 2018 to 2020
were eligible for the study. Children who were included
(n = 15; 6 left, 9 right side; 10 males, 5 females; age range
3-9 years, average 6.5 years) underwent surgical treatment
for Monteggia fractures (Bado classification types: 7 type I,
0 type II, 8 type III, O type IV; types of ulnar fracture:
4 green branch, 6 transverse and short oblique fractures,
5 comminuted fractures, 2 combined with radial nerve
contusion). All had intraoperative elbow arthrography and
were followed-up to evaluate the therapeutic outcome.

Surgical methods

(1) General anesthesia was used for all patients. (2) Elbow
arthrography was performed. An allergy test was administered
to verify that the patient was not allergic to the contrast
medium (iohexol); iohexol (1-1.5 mL) was injected into the

elbow joint cavity to facilitate even dispersion of the contrast
medium. C-arm fluoroscopy was used to view the alignment
and position of the bones at the elbow during reduction of the
humeroradial joint. (3) To perform fixation with the Ilizarov
external mini-fixator, a 2-cm longitudinal incision was made
along the dorsal ulna, beginning proximal to and with the
fractured end at its center. The ulna was manipulated and
the bone alignment and length was restored. Two Kirschner
wires were inserted longitudinally through the olecranon and
into the distal and proximal ends of the fracture to establish
support points. The nail clips were installed, and a threaded
rod was connected. If the ulnar bone shape was restored, but
arthrography showed poor reduction of the humeroradial
joint (such as soft tissue embedded within the humeroradial
joint), open reduction was performed. (4) After surgery, the
forearm was immobilized with plaster in a supinated position
for 4-6 weeks.
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Evaluation

Postoperative function was evaluated using Mackay
criteria[1]: excellent, if there was no dislocation of the
humeroradial joint, recovery of neurological symptoms, a
normal range of elbow flexion-extension, and a normal
range of forearm rotation; good, if there was no dislocation

of the humeroradial joint, elbow extension-flexion was
limited by < 20°, and forearm rotation was limited by
approximately 10°; and poor, if the humeroradial joint
was dislocated or subluxated, elbow extension-flexion
was limited by > 50°, and forearm rotation was limited
by > 50°.

RESULTS

Children included in the study were followed for
6-18 months; 12 children had excellent outcomes

(80 %), 3 children had good outcomes (20 %), and
none had poor outcomes (0 %). Two children who
had preoperative radial nerve injury recovered after

strengthening functional exercises and oral mecobalamin
treatment. No infections, ischemic muscle contracture,
myositis ossificans, fracture nonunion, or delayed
fracture union occurred in any of the children in the
study. A typical case is shown in Figure 1.

Fig. 1. Typical case:

a, b - preoperative X-rays;
¢, d - intraoperative X-rays;
e, f - postoperative X-rays;
g - postoperative function

DISCUSSION

Literature on Monteggia fractures in children
establishes thorough knowledge and understanding of
the treatment principles for Monteggia fractures repair in
children which are to correct ulnar deformities, maintain
the length of the ulna, reduce the fracture, and ensure
humeroradial joint stability. Elbow arthrography can be
used to clearly show the cartilage structures of the distal
humerus, proximal ulna, and proximal radius and the
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relative alignment of the humeroradial joint to correct
mild subluxation and improve the diagnosis of potential
complications when reducing the fracture and to choose
an appropriate fixation method based on the type of ulnar
fracture. For curved and incomplete ulnar fractures, a
closed reduction may be performed, and plaster fixation
can be used. For transverse and short oblique ulnar
fractures, elastic intramedullary nails can be used for



fixation, and long oblique and comminuted ulnar fractures
may be fixed with steel plate on screws [2].

Certain challenges exist in treating Monteggia fractures
in children [3, 4]. The proximal ulna components, the
olecranon, trochlear notch, and coronoid process are
composed of cancellous bone; thus fractures are prone to
local fragmentation, angulation, and compression. Often,
manual reduction is difficult, and open reduction is required.
In older adolescents, bone development is in its later
stages; therefore, ossification of the proximal ulna is nearly
complete, and the local space is large to fix. Consequently,
the choice of fixation is a plate with screws or elastic
intramedullary nail, and is based solely on the type of ulnar
fracture. However, in young children, local bone space at the
proximal end of the ulna is limited, and plate fixation requires
the removal of bone from both ends of the fracture, which
causes additional trauma. In addition, poor placement of the
plate and screws can easily damage the olecranon epiphysis
and articular surface (trochlear notch), causing subsequent
injury and deformity. During elastic intramedullary nail
fixation surgery, creating the intramedullary opening can
also damage the epiphysis and articular surface, and if the
proximal moment arm is too short, stability will be poor.
In adults, use of Kirschner-wire tension-band fixation for
olecranon fractures is standard [5], and it can also be used
to treat Monteggia fractures in children but compresses the
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fracture longitudinally and provides no support. Therefore,
it can only be used for transverse, non-comminuted, non-
compression proximal ulnar fractures; otherwise it will cause
compression of the fracture ends, will reduce ulnar length,
and may increase the risk of humeroradial dislocation. Thus,
the choice of internal fixation for younger children should
be based not only on the type of ulnar fracture, but also
on considerations such as the amount of bone space at the
proximal end of the fracture.

The Ilizarov external mini-fixator has been currently
used mainly for correction of metacarpal and phalangeal
fractures and hand deformities [6-9]. In China, its current
use is rare, and there is a lack of relevant literature. Director
Li Kewei of our department trained at the Ilizarov Center
in Kurgan, Russia in 2018. After returning to China, the
llizarov external mini-fixator started to be widely used in
the correction of metacarpal and phalangeal fractures and
hand deformities in children.

In our study, good clinical outcomes were achieved in
children with Monteggia fractures with the Ilizarov mini-
external fixator, which precluded excessive removal of the
soft tissue surrounding the fracture and the risk of damage
to the epiphysis with screw. It provided stable fixation,
including strong support for comminuted and compression
proximal ulnar fractures. Only a 2-cm incision is required;
therefore, this surgical method causes minimal trauma.

CONCLUSION

The Ilizarov external mini-fixator may be used for
Monteggia fractures in children in accordance with
established treatment principles. It is an appropriate

surgical method based on the type of the ulnar fracture.
The Ilizarov external mini-fixator can provide us with a
new treatment idea.
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